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Abstract

The study was performed to assess using burned bone meal as an organic and di-calcium phosphate as an inorganic phosphate
source with different amounts of calcium in diet of broiler chicken (Ross-308). The experimental diets involved supplying overall
available phosphorus in the form: (1) di-calcium phosphate (14% available phosphorus and 23% calcium), (2) di-calcium
phosphate (18% available phosphorus and 23% calcium), (3) burned bone meal (12% available phosphorus and 32% calcium), (4)
burned bone meal (14% available phosphorus and 32% calcium), and (5) burned bone meal (16% available phosphorus and 32%
calcium). A completely randomized design consisting of five treatments and three replicates was used. The data were statistically
analyzed using the Proc GLM model in SAS version 9.1. The results indicate that the source of phosphorus used in the diets affects
performance and bone characteristics of the broilers. The chickens fed overall available phosphorus by di-calcium phosphate (14%
available phosphorus and 23% calcium) had the best performance which with regards to economic and environmental interests
that dictate phosphorus be held to minimum levels, is a promising outcome. The bone characteristics results revealed that the
chickens fed with the inorganic source of calcium with a higher amount of phosphorus had the best performance. Thus, the bone
meal requires a slightly higher amount of phosphorus than that required for growth performance of broilers.
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Introduction
Most feed phosphates categorized as MCP and DCP are mixtures

of these sources. Therefore, differences between sources and also
within a source exist [5]. Hamdi et al. [6] stated that the P could
improve growth rate in some ranges and can have an intervention

Dietary calcium (Ca) and phosphorus (P) serve a variety of
functions in metabolism, growth and health, which emphasizes
the important economic implications of these minerals in poultry
nutrition [1]. In order to determine the efficiency of the use of
mineral elements in animal diets, we must be aware of their
relative bioavailability in the components of diet and feed. The

with other micromineral absorption processes. There have been
many methods to determine bone characteristics, and there is
a relationship between diet and bone characteristics. It has been
shown that the chemical composition of the diet has a significant
effect on growth indices and mineral composition and bone
structure [7]. Phosphorus is one of the most expensive nutrients in
poultry diets and an essential mineral for virtually all farm animals
and plays a key role in cellular metabolism, cellular regulatory
mechanisms and in bone mineralization [6, 8]. It is also a source
of environmental concerns. However, mineral sources of P in diets

chemical analysis of food alone cannot determine the biological
efficiency of that nutrient [2]. Several factors affect the biological
efficiency of mineral elements and especially micronutrients.
Consumption of mineral elements at lower levels, physical form,
digestibility of whole diets, interactions of mineral elements
together and nutrients, inhibitors and physiological circumstances
of the animal, processing conditions of each of the components
of the diet and the age of the animal all affect the bioavailability
of the elements [3]. Rostagno [4] mentioned similar P availability
and digestibility in broilers for Monocalcium Phosphate (MCP),
Dicalcium Phosphate (DCP) and Tricalcium Phosphate (TCP).

are still a need in order to meet the requirements of poultry and
prevent mineral deficiencies [6]. Therefore, providing an adequate
P supply without excessive amounts remains an important issue.
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Fallah et al. [9] stated that mineral source and concentration
could impact the performance and bone mineralization in broiler
chickens. One of the crucial tests for estimating dietary sufficiency
and also the bioavailability of P is bone development along with
measuring the growth performance of the animals [10]. In this
study, the researchers measured the assumption that different
feed phosphates in organic and inorganic forms, varying in the
amount of P and Ca, will affect the performance, blood calcium
and phosphorus concentrations and bone characteristics of broiler
chickens.

Materials and Methods
Birds and experimental treatments

The experiment was conducted during 2016 in a poultry
research center facility located in the Islamic Azad University,
Qaemshahr Branch, Qaemshahr, Iran. The trial lasted 42 d and
pens, with dimensions of 1.2x1.5 m and 1 m height, were randomly

Table 1: Lighting programs for broiler.

allocated to five dietary treatments with each having four replicates
of 15 birds. Before the experiment, the poultry rearing unit was
thoroughly cleaned and rinsed using pressurized water. The hall
was gasified 24 h before starting the experiment. A total of 300 1
d-old male chickens (Ross-308), from a commercial hatchery, were
selected and divided into 5 trial groups (3 replicates of 4 chickens).
The average body weight (BW) of broilers was 42 g. The study
was conducted in a completely randomized design. Chickens were
vaccinated, and to reduce the stress caused by vaccination, 24 h
before and after vaccination, a multi-electrolyte solution was added
in drinking water. The lighting program for the broilers is illustrated
in Table 1. The three-stage diet is tailored to the proposed pattern
for the Ross 308 strain (including 0-10, 11-24, and 25-42 days).
The experimental diets included different phosphate sources
(organic and inorganic), varying in the amount of P and Ca. The feed
ingredients and nutrient analysis of the basal diets are presented in
Tables 2-4.

Weeks 1 % 3 4 5 6
Light exposure (h) 22 20 20 20 22 23
Darkness(h) 2 4 4 4 2 1

This lightening program is adopted from the Ross Broiler Pocket Guide-Aviagen (2014)

Table 2: Feed ingredients and nutrient analysis of the basal diet, 1-10 day of age (%, unless mentioned).

Ingredients DCP 14%AP DCP 18%AP Bone 12%AP Bone 14%AP Bone 16%AP

Corn 55.57 55.93 56.48 56.56 56.63

Soybean meal (44% CP) 34.14 34.07 33.97 33.96 33.94
Soybean oil 1.76 1.64 1.46 1.43 1.41

Gluten meal 2 2 2 2 2
Dicalcium Phosphate 1.86 1.41 0 0 0

Burned bone meal 0 0 18.6 16.2 141
L-Lysine hydrochloride 0.26 0.26 0.27 0.27 0.27
L-Taurine 0.6 0.6 0.6 0.6 0.6
DL-Methionine 0.26 0.26 0.26 0.26 0.26
Mineral premix* 0.25 0.25 0.25 0.25 0.25
Vitamin premix** 0.25 0.25 0.25 0.25 0.25
NacCl 0.23 0.23 0.23 0.23 0.23
Sodium bicarbonate 0.1 0.1 0.1 0.1 0.1
Calcium carbonate 0.98 1.25 0.54 0.74 0.91

Multi enzymes 0.0125 0.0125 0.0125 0.0125 0.0125
Phytase 5000 0.01 0.01 0.01 0.01 0.01

Phytobiotics flavor 0.015 0.015 0.015 0.015 0.015
Acidifier 0.1 0.1 0.1 0.1 0.1
Toxin binder 0.1 0.1 0.1 0.1 0.1

ME (Kcal/kg) 3000 3000 3000 3000 3000
Crude Protein 22 22 22 22 22

Abbreviations: DCP = di-calcium phosphate. AP = available P. ME = metabolizable energy.

*Supplied per Kg of mixture: 1,081 mg trans-retinol; 20 mg cholecalciferol; 4 mg a-tocopherol acetate; 800 mg menadione; 720 mg
thiamine; 2,640 mg riboflavin; 4,000 mg niacin; 12,000 mg calcium pantothenate acid; 1,200 mg pyridoxine; 400 mg folic acid; 6 mg
cyanocobalamin; 40 mg biotin; 100,000 mg choline; 40,000 mg antioxidant.

** Supplied per Kg of mixture: 39,680 mg manganese; 20,000 mg iron; 33,880 mg zinc; 4,000 mg copper; 400 mg iodine; 80 mg

selenium; 1 mg excipient.
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Table 3: Feed ingredients and nutrient analysis of the basal diet, 11-24 day of age (%, unless mentioned).

Ingredients DCP 14%AP DCP 18%AP Bone 12%AP Bone 14%AP Bone 16%AP
Corn 61.5 61.6 62.1 62.2 61.65
Soybean meal (44% CP) 28.74 289 28.87 28.83 28.93
Soybean oil 2.17 2.15 1.97 1.95 2.13
Gluten meal 1.66 1.53 1.5 1.5 1.5
Dicalcium Phosphate 1.57 1.22 0 0 0
Burned bone meal 0 0 1.57 1.37 1.22
L-Lysine hydrochloride 0.26 0.26 0.27 0.27 0.27
L-Taurine 0 0 0 0 0
DL-Methionine 0.25 0.25 0.25 0.25 0.25
Mineral premix* 0.25 0.25 0.25 0.25 0.25
Vitamin premix** 0.25 0.25 0.25 0.25 0.25
NaCl 0.25 0.25 0.25 0.25 0.25
Sodium bicarbonate 0.1 0.1 0.1 0.1 0.1
Calcium carbonate 0.8 1.05 0.043 0.059 1.01
Multi enzymes 0.01 0.01 0.01 0.01 0.01
Phytase 5000 0.01 0.01 0.01 0.01 0.01
Phytobiotics flavor 0 0 0 0 0
Acidifier 0.08 0.08 0.08 0.08 0.08
Toxin binder 0.1 0.1 0.1 0.1 0.1
ME (Kcal/kg) 3100 3100 3100 3100 3100
Crude Protein 20 20 20 20 20

Abbreviations: DCP = di-calcium phosphate. AP = available P. ME = metabolizable energy.

*Supplied per Kg of mixture: 1,081 mg trans-retinol; 20 mg cholecalciferol; 4 mg a-tocopherol acetate; 800 mg menadione; 720 mg
thiamine; 2,640 mg riboflavin; 4,000 mg niacin; 12,000 mg calcium pantothenate acid; 1,200 mg pyridoxine; 400 mg folic acid; 6 mg
cyanocobalamin; 40 mg biotin; 100,000 mg choline; 40,000 mg antioxidant.

** Supplied per Kg of mixture: 39,680 mg manganese; 20,000 mg iron; 33,880 mg zinc; 4,000 mg copper; 400 mg iodine; 80 mg
selenium; 1 mg excipient.

Table 4: Feed ingredients and nutrient analysis of the basal diet, 25-42 day of age (%, unless mentioned).

Ingredients DCP 14%AP DCP 18%AP Bone 12%AP Bone 14%AP Bone 16%AP
Corn 65.6 65.86 66.3 66.36 66.4
Soybean meal (44% CP) 25.54 25.47 25.4 25.38 25.37
Soybean oil 3.27 3.2 3.03 3.02 3.01
Gluten meal 2 2 2 2 2
Dicalcium Phosphate 1.42 1.11 0 0 0
Burned bone meal 0 0 1.42 1.24 1.11
L-Lysine hydrochloride 0.17 0.17 0.17 0.17 0.17
L-Taurine 0 0 0 0 0
DL-Methionine 0.17 0.17 0.17 0.17 0.17
Mineral premix* 0.25 0.25 0.25 0.25 0.25
Vitamin premix** 0.25 0.25 0.25 0.25 0.25
NaCl 0.25 0.25 0.25 0.25 0.25
Sodium bicarbonate 0.1 0.1 0.1 0.1 0.1
Calcium carbonate 0.78 0.97 0.045 0.06 0.071
Multi enzymes 0.01 0.01 0.01 0.01 0.01
Phytase 5000 0.01 0.01 0.01 0.01 0.01
Phytobiotics flavor 0 0 0 0 0
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Acidifier 0.08 0.08 0.1 0.1 0.1
Toxin binder 0.1 0.1 0.1 0.1 0.1
ME (Kcal/kg) 3000 3000 3000 3000 3000
Crude Protein 18 18 18 18 18

Abbreviations: DCP = di-calcium phosphate. AP = available P. ME = metabolizable energy.

*Supplied per Kg of mixture: 1,081 mg trans-retinol; 20 mg cholecalciferol; 4 mg a-tocopherol acetate; 800 mg menadione; 720 mg
thiamine; 2,640 mg riboflavin; 4,000 mg niacin; 12,000 mg calcium pantothenate acid; 1,200 mg pyridoxine; 400 mg folic acid; 6 mg
cyanocobalamin; 40 mg biotin; 100,000 mg choline; 40,000 mg antioxidant.

** Supplied per Kg of mixture: 39,680 mg manganese; 20,000 mg iron; 33,880 mg zinc; 4,000 mg copper; 400 mg iodine; 80 mg

selenium; 1 mg excipient.
Sampling and measurements

The initial weight of each bird was taken before being allotted
into treatments and also at the end of the experiment. The birds
were given a known kg of feed in the morning and the left-overs
were weighed in the evening and recorded. The feed conversion
ratio was measured weekly, as an index of feed utilization for each
treatment group and calculated as the ratio of feed intake to weight
gain. The blood samples were collected during different stages of the
study to measure Ca and P content using the method of PerkinElmer
Corporation [11]. At the end of the study, the birds were killed via

cervical dislocation, and the abdominal fat, livers, and gizzards and
other internal organs were separated for weighing. The gizzard was
weighed after opening and removal of feed residues, and expressed
as a percentage of total body weight (grams per 100 g). The
carcasses were submitted to cuts to measure the weight of carcass
components as affected by the treatments. After slaughter, right
tibias were taken from birds and the soft tissues were removed.
Then, the samples were dried at 100°C for 24 h. To assess the
bone characteristics of broilers, measurements were made of bone
weights, bone length, diaphysis diameter, internal wall thickness,
external wall thickness, and medullary canal diameter (Figure 1).

Figure 1: Measuring the bone characteristics of broilers.

A. After slaughter, the bones were taken from birds; B. The soft tissues were removed from the bones; C. The samples were

dried in ovens at 100°C; D. The analysis of tibia and femur.

Statistical analysis

This experiment was conducted in a completely randomized
design with 300 male chickens (Ross-308) allocated to five
treatments and three replicates. The data analysis was performed
using the General Linear Models (GLM) procedures of SAS software
(SAS, Version 9.1). The model for data analysis was as follows: Yij
= + ti + €ij, where Yij is the observation, p is the general mean,
ti is the treatment effect and e¢ij is the experimental error. The
means were compared by Duncan’s Multiple Range Test at the 5%
probability level.

Results and Discussion

The feed intake, growth performance and feed conversion
responses of broiler chickens to different levels and sources of Ca
and P are presented in Tables 5-7. The values show that the effect
of diets on feed intake was significant. Although the results show
some inconsistency during different stages of the study, by the end
of the test period (42 days), the highest and lowest feed intake
belonged to chickens fed diets 1 (included DCP, 14% available P and
23% Ca) and 4 (included burned bone meal, 14% available P and
32% Ca). As shown, the treatments significantly improved weight
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gain and feed conversion ratio in starter, grower, and total periods
of experiment. According to the results, at the end of 7 and 10 days,
the highest live weight (152.6 and 228 g) was observed in chickens
fed with diet 3 (included burned bone meal, 12% available P and
32% Ca), and the lowest live weight (143 and 210 g) belonged to
the chickens fed with control diet. At the end of the test period (42
days), the highest and lowest feed intake belonged to chickens fed
diets 1 (included DCP, 14% available P and 23% Ca) and 4 (included
burned bone meal, 14% available P and 32% Ca). Khattak et al. [12]
mentioned that the effect of P varies depending upon the source
and formula. However, the results of the current study reveal that

chickens fed with the ratio including 23% Ca and 14% P from the
DCP source had the best performance in terms of growth, feed
conversion ratio and had also the highest feed intake. The highest
performance in the chickens fed with ratio include DCP (inorganic
source) could be justified by relatively higher biological availability
of P in DCP for broilers [13,14], while the effectiveness of a lower
amount of P on growth performance may be because of the fact the
P could improve growth rate in a specific range and its effect can
have interference with other micromineral absorption processes
[15].

Table 5: Feed intake measurement during different stages of the study (g).

Treatments 42d 35d 28d 24d 21d 14d 10d 7d
1 4170.90 a 3044.40 a 2053.67 a 152890 a 1192.57 a 517.83 a 253.83 ab 128.50 bc
2 4180.87 a 3019.13 ab 2067.47 a 1432.47 a 1190.63 a 512.63 a 260.63 a 136.50 a
3 4141.77 ab 3015.73 ab 2050.17 a 1525.17 a 1188.67 a 519.17a 262.16 a 135.66 a
4 3986.23 b 2919.57b 1956.33 b 1431.33b 1114.17b 502.17ab 255.66 ab 134.50 ab
5 4137.87 ab 2950.63 ab 1932.13b 1391.07b 1087.40 b 482.57b 242.40b 125.83 be
SEM 229 14.56 10.43 10.72 9.24 3.8 1.84 0.9
P.Value 0.12 0.1 0.006 0.004 0.01 0.06 0.04 0.01
Means within each column with no common superscript differ significantly at P < 0.05.
Table 6: Growth rate measurement during different stages of the study (g).
Treatments 42d 35d 28d 24d 21d 14d 10d 7d
1 2214.73a 1700.83 a 1222.80 ab 944.50 a 74533 a 349.5 210.50b 143.33b
2 2027.67b 1643ab 1191.83 ab 913.33 ab 724 ab 356.33 221.33 ab 150.33 ab
3 2108.43 ab 1612.67 bc 1228.17 a 952a 750 a 370 228a 152.66a
4 2011.50b 1582.50 bc 1191.07b 899.17 ab 705.33 ab 360 224.66 ab 148.66 ab
5 2047.90 b 1552 ¢ 1225.13b 840.50b 670.67 b 341 219.83 ab 148.33 ab
SEM 20.4 8.47 13.34 11.46 8.42 4.26 2.02 1
P.Value 0.05 0.002 0.18 0.71 0.07 0.32 0.15 0.12
Means within each column with no common superscript differ significantly at P < 0.05
Table 7: Feed conversion ratio measurement during different stages of the study.
Treatments 42d 35d 28d 24d 21d 14 d 10d 7d
1 1.87c 1.78b 1.67 1.61 1.59 147 a 1.20a 0.89a
2 2.06a 1.83ab 1.72 1.67 1.64 1.43ab 1.17 ab 0.90a
3 1.96 bc 1.86 ab 1.66 1.6 1.58 1.39b 1.14 abc 0.88a
4 1.98 ab 1.82 ab 1.63 1.58 1.57 1.39b 1.13 bc 0.89a
5 2.01ab 1.89a 1.71 1.65 1.62 1.41ab 1.09¢ 0.84b
SEM 0.01 0.01 0.01 0.01 0.01 0.01 0.007 0.006
P. Value 0.009 0.12 0.35 0.43 0.46 0.13 0.13 0.04

Means within each column with no common superscript differ significantly at P < 0.05

Due to the importance of P inclusion in poultry diets, it could
be a good practice to lower-supplement this mineral in the diet
[15]. The results show a higher performance in chickens while fed
with a lower amount of Ca. This could be because Ca decreases
the amount of P in a suitable form for absorption through the
formation of precipitates of orthophosphate in the digestive system
and insoluble complexes with the phytate molecule [6, 16]. In fact,

calcium may increase the intestinal pH and reduce mineral solubility
and availability, as reported by Shafey & McDonald [17]. The weight
of carcass components, some internal and non-edible organs are
presented in Tables 8,9. The treatments have a significant effect
on some traits such as leg, drumstick, drum no bone, and viscera.
This may be due to the fact that the bird’s performance can have
a multitude of responses to its diet [1]. Nevertheless, the results
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were mostly consistent with the feed intake, growth rate, and
feed conversion ratio values. The best performance belonged to
chickens fed diets 1 (included DCP, 14% available P and 23% Ca).
In fact, there is a positive relationship between the growth of the
animal body in whole and its carcass parts [18, 19]. At the end of
days 10, 24 and 42, the concentration of Ca and P in the blood (mg/
dl) was determined, and the results are presented in Table 10, 11.
The results were not consistent during different stages of the study.
Hurwitz & Bar [20], working with 3.72 and 3.79% Ca levels, and
Clunies et al. [21], with 2.5, 3.5, and 4.5% Ca, reported that total Ca
retention by the bird increased with dietary Ca levels. On the other
hand, Kimberg et al. [22] stated that Ca transport in the digestive
tract increased when low Ca levels (2.8%) were fed. Nevertheless,

at the end of the 42 days of the study, chickens fed with the ratio
including 23% Ca and 14% P from the DCP source (treatment
1) had the highest amount of Ca in the blood, which reveals the
effectiveness of the treatment 1. Yet, the effect of P on the P of the
blood was insignificant. With regards to the bone characteristics,
statistical surveys show that there is no significant difference
between some measured indicators, while the treatments had
significant effects on bone length, bone weight, diaphysis diameter,
medullary canal diameter, and internal wall thickness. Previous
researches have shown that about 80% of bone mass is determined
genetically, while about 20% can be related to external factors in
which diet is one of the most important factors [23-25].

Table 8: Relative weight of carcass components as affected by the different treatments (% of live body weight).

Treatments Carcass Legs Leg no bone Thighs Thighs Drumstick Dl;g:::o wiglr::: g(in Wings
percentage No bone

1 70.73 447.50 a 56.66 2425 190 206.67 a 141.67 a 532.5 156.67

2 69.2 440 ab 55.83 234.17 171.67 205.83 a 133.33b 565 172.5

3 71.75 428.33b 55.83 235 174.17 194.17 b 132.50b 515.83 159.17
4 72.93 446.67 a 52.5 255 191.67 200b 141.67 a 540 165

5 71.65 44833 a 54.16 246.67 180 203.33 ab 136.67 ab 552.5 166.67
SEM 0.61 12.14 1.56 7.56 5.66 5.66 4.53 15.08 4.45
P.Value 0.42 0.98 0.92 0.89 0.72 0.95 0.94 0.8 0.99

Means within each column with no common superscript differ significantly at P < 0.05.

Table 9: Relative weight of some internal and non edible organs as affected by the different treatments (% of live body weight).

Treatments Internal fat Liver Heart Gizzard Intestine weight Viscera
1 30.83 54.16 10 60.83 107.50 a 228.33a
2 34.16 61.66 10 60.83 99.17 ab 223.33 ab
3 30.83 55.83 10 59.16 94.17 b 208.33b
4 30.83 55.83 10 59.16 97.50 b 220.83 ab
5 27.5 54.16 10 59.16 103.33 ab 221.67 ab
SEM 1.95 1.94 0.36 2.28 4.18 7.31
P.Value 0.88 0.72 1 0.99 0.86 0.93
Means within each column with no common superscript differ significantly at P < 0.05.
Table 10: Blood parameters measurement during different stages of the study.
10d 24d 42d
Treatments
calcium phosphorous calcium phosphorous calcium phosphorous
1 7.20a 11.90ab 7.46a 8.26b 9.06a 11.1
2 6.66ab 12.33a 7a 8.33b 7.26ab 10.33
3 6.70ab 9.66b 7.40a 8.30b 6.33b 10.36
4 6.40b 10b 6.43a 8.06b 6.63ab 10.9
5 6.63ab 13.43a 4.06b 9.36a 5b 11.46
SEM 0.09 0.31 0.3 0.06 0.35 0.3
P.Value 0.17 0.01 0.02 0.007 0.05 0.73

Means within each column with no common superscript differ significantly at P < 0.05.
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Table 11: The analysis of tibia and femur.

Treatments | Bone weight (g) | Bonelength (mm) | p, SR MEEEAE | B e | diameter
1 5.69 9.34ab 6.69b 1.13ab 1.05 4.50b
2 6.58 9.60a 8.13a 1.48a 121 5.41a
3 5.5 9.22b 6.90b 1.01b 1.05 483 ab
4 5.96 9.38ab 7.58 ab 145a 1.05 5.08 ab
5 5.39 9.09b 7.21ab 1.35ab 0.92 492 ab
SEM 0.24 0.07 0.24 0.07 0.07 0.16
P. Value 0.22 0.04 0.09 0.03 0.55 0.21

Means within each column with no common superscript differ significantly at P < 0.05.

In the current study, all these measured factors had significantly
higher values (p<0.001) for chickens fed with the ratio including
23% Ca and 18% P from the DCP source which had the highest
amount of Ca and P from an inorganic source, and proved to
be more effective than its organic counterpart. Birds seem to
respond to a decrease in Ca and P dietary content by increasing the
expression of mRNA encoding Ca transporters [26], and phosphorus
transporters [25,27] in the small intestine, leading to poor bone
mineralization. Therefore, impairing animal welfare or increasing
processing losses in some cases [28]. The result revealed that
the best growth performance was observed for chickens fed with
ration including DCP (inorganic source) and an average amount
of P (14% available P), while the bone characteristics responded
more positively to a higher amount of P. This could be due to that
fact that bone mineralization depends to a greater extent on dietary
concentrations of P compared with body weight, feed conversion
ratios and other related factors [1, 29, 30]. Thus, the concentration
of P required to maximize bone structure and function is higher
than those required for growth performance.

Conclusion

The results of this study indicate that the source of P used in
broiler chickens can affect performance and bone characteristics
of broilers, and it is possible to achieve the best outcome with a
lower supplement of Ca and P in the diet. Chickens fed with ration
including inorganic phosphate sources with 14% available P had the
best growth performance, while the bone characteristics responded
more positively to a slightly higher amount of P. Therefore, attention
to the source and amount of this mineral in the diet is important.
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