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Table 1- The arrangement of dietary treatments during starter (1-10 d), grower (11-24 d) and finisher (25-42 d) periods!
(38l & Copns 203) (o> P yaud g oS o 2alS” (e
Reduction in dietary calcium and available phosphorus levels (% of standard diet)

onjel ) sl

Starter Grower Finisher
0 0 0
0 15 0
0 15 10
0 15 20
0 15 30
0 30 0
0 30 10
0 30 20
0 30 30

(B) 35 dgn s o SolS V=YV G 0355 (159 L ¥ oA Ll dgus (gl 005 dpogs laliin] ol py i (cloo s
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'Dietary treatments were formulated according to Aviagen 2014 recommendations with target live weight of 1.70 - 2.40 kg (5).

2 First and second digits show the percentage of dietary reduction of calcium and available phosphorus from the Ross 308
requirements (5) during grower and finisher periods, respectively.
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Table 2- Ingredients and nutrient composition of starter, grower and finisher diets!

V1) gl (539 WYY) ady (539, YO-¥7) Lk

(3) o sl ) - Grower (11-24 d) Finisher (25-42 d)
Ingredients (%) i (el o o) e b S o 2005 (e '

(1-10 d) Reduction in dietary calcium and available phosphorus levels (% of standard diet)

0 15 30 0 10 20 30

Oyd 49.20 52.56 52.56 52.56 57.79 57.79 57.79 57.79
Corn
(2o ¥F) Lguws dllous’ 41.56 37.78 37.78 37.78 32.29 32.29 32.29 32.29
Soybean meal
(CP, 44%)
L o9 4.53 5.41 5.41 5.41 5.97 5.97 5.97 5.97
Soybean oil
Slaad paanlS’ 63 1.93 1.71 1.33 0.94 1.54 1.31 1.07 0.84
DCP
Sal K 1.06 0.98 0.86 0.74 0.91 0.84 0.76 0.69
Limestone
¥ uwolng JoSo 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix?
¥ e dlge JoSo 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix?
Sl s o 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Sodium
Bicarbonate
plab Ko 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

Common salt
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Continuation of Table 2 Y Jgae aoldl
S5y 0.25 0.17 0.17 0.17 0.18 018 o1 018
L-Lysine

hydrochloride

Oesie— ]l 62 0.38 0.32 0.32 0.32 0.29 0.29 0.29 0.29
DL-methionine

osgy=Jl 0.11 0.08 0.08 0.08 0.06 0.06 0.06 0.06
L-Threonine

Loy £ S deS 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Choline

chloride, 60%

dwlo - - 0.50 1.01 - 0.30 0.61 0.91
Sand

(Mu0y3) 045 dpuwlns (g320 dlgo S 5
Calculated nutrient content (%)
el golie b6 (<5 51
(PSS 2 IS okS)
ME (Kcal/kg)
pb Cpiign 23 21.5 21.5 21.5 19.50 19.50 19.50 19.50
CP
oS’ 0.96 0.87 0.74 0.61 0.79 0.71 0.63 0.55
Calcium
o pawd BB jaud 0.48 0.44 0.37 0.30 0.40 0.36 0.32 0.28
Available
phosphorus
oo 1.44 1.29 1.29 1.29 1.16 1.16 1.16 1.16
Lysine
Ogsio 0.72 0.65 0.65 0.65 0.59 0.59 0.59 0.59
Methionine
s + (yigsio 1.08 0.99 0.99 0.99 0.91 0.91 0.91 091
Methionine +
Cystine
BRIy 0.97 0.88 0.88 0.88 0.78 0.78 0.78 0.78
Threonine
puw 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Sodium
oaolly 0.98 0.92 0.92 0.92 0.82 0.82 0.82 0.82
Potassium
& 0.27 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Chlorine
O%ﬁ—uﬁsK A3 24397 231.38 231.17 230.95 207.29 207.16 207.03 20691

DCAD?

3000 3100 3100 3100 3200 3200 3200 3200

(B) 35 dlga b o Sk VV-VIF (B 035) (335 b YA oly dygs lie lalin] ol lid sl jleg)
ol tllallin 2l A B ysaliyg £ Mlallonn aoly 000+ DY cpaty g llalli 1515 Y70+ + A uolizg 2,8 o (30l 0302 51 p 5SS 12 1315 253050 (gidse Sl g rolizg JoSo ¥
oS 9 40 )5 oo /YO ((yim 1S uo VIV «Sg sl 19,5 Lo BY/O sl 40,5 o NIF 0y gMbguy s 40,5 Lo YTV pualis 9,5 oo + /oY B2 (yoliyg 1,5 o Y1V K
‘U’h] p)S oo VF o $p)S o VYD oy )5 ko g posd ()8 oo Vo (3850 40,8 Lo VN v (g9 4p)S e Y/o (UIJ.:-JI‘_{TJ] )5 ko o Sy Suolip S Juo ¥/a

%S u,:.ﬂ—u,:.ﬂf BRI =Y 6,8 Lo ARVAS

! Dietary treatments were formulated according to Aviagen 2014 recommendations with target live weight of 1.70 - 2.40 kg (5).
2Provided per kilogram of diet: Vitamin A 12500 IU, vitamin D3 5000 IU, vitamin E 80 IU, vitamin K3 3.2 mg, vitamin B12 0.02
mg, thiamin 3.2mg, riboflavin 8.6 mg, niacin 62.5 mg, folic acid 2.2 mg, biotin 0.25 mg, pyridoxine 4.9 mg, pantothenic acid 18.5
mg, antioxidant 2.5 mg, Zn 110 mg, Mn 120 mg, Se 0.30 mg, I 1.25 mg, Cu 16 mg, Fe 20.2 mg.
3 Dietary Cation -Anion difference.
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Table 6- Effects of reduction in dietary calcium and available phosphorus levels (%) on carcass characteristics of broilers at 24 d
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Reduction in dietary calcium and available phosphorus levels from Contrasts
d of age (% of standard diet) 11 to 24 bt Y 4>y
(dop3) 43Y (gl Linear  Quadratic
Carcass traits (%) 0 15 30 P-value SEM P-Value
asy 56.78 56.56 55.60 0.5722  0.820  0.3297 0.7168
Carcass
5 5 ey o Jb 16.33 16.22 16.32 09749 0362  0.9878 0.8255
Wing, Back and Neck
ob 18.09 18.02 17.22 0.0955 0285  0.0517 0.3185
Thigh
A 22.36 23.32 22.06 0.9303  0.609 0.7304 0.8874
Breast
oSS gy 0.68 0.66 0.63 0.6629  0.041  0.6411 0.4455
Abdominal fat
mRen 0.33 0.39 0.35 02592  0.024  0.6589 0.1198
Pancreas
s 2.28 2.54 2.70 0.1286  0.135  0.0487 0.7861
Liver
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Table 7- Effects of reduction in dietary calcium and available phosphorus levels (%) on calcium, phosphorus and alkaline
phosphatase levels in serum on d 24 of age!

Counl Jdo

Contrasts

5380 MYV 0)93 )3 (o piand BB jind g prnlS o ialS” (e

(305 4 s A0)2)
Reduction in dietary calcium and available phosphorus
levels from 11 to 24d of age (% of standard diet)

s Y oaxy

Linear  Quadratic

S slbasiulp 0 15 P-value SEM P-Value
Blood factors

(pS kel s () oS 7.92 7.76 0.6989 0.263 0.4070  1.0000
Calcium (mg/dL)

(P 5 el yid (D) yausd 5.26 5.22 0.8173 0.135 0.5412  0.9057
Phosphorus (mg/dL)

Bland JSIT* (1l/ 12)) 11180° 139202 155502 0.0452 1096.78 0.0155 0.687

Alkaline phosphatase (U/L)

(P< o 0) 15)ls )l gme OS] (glol Llod 51 aliie jue Bgy> b slael s >
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! Means within the same row with no common superscript letter differ significantly (P < 0.05).
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Introduction: In recent years, increasing feed costs in broiler production encouraged nutritionists to reduce
feeding expenditure, along with maintaining optimal performance of broiler chickens and minimizing
environmental pollution. Phosphorus and calcium are two important minerals in the poultry diets, which is
necessary to accurately feeding these minerals in the poultry nutrition. Environmental contamination, as a result
of over-feeding of phosphorus by poultry, is a matter of concern, which has urged researchers to seek solutions
such as reducing dietary phosphorus concentrations without adversely affecting the growth performance. Also,
due to the interaction effect of phosphorus and calcium in the gastrointestinal tract, the ratio and balance between
these two elements is also important. It has been argued that broiler chicks, when fed by diets containing lower
levels of phosphorus and calcium, absorb these materials with higher efficacy and thus reduce their excretion from
the gastrointestinal tract. Yan et al. (2005) reported that feeding broiler chickens with diets containing reduced
levels of phosphorus and calcium during starter phase, and then using diets containing sufficient levels of
phosphorus and calcium, caused better utilization and bone mineralization. Birds respond to dietary phosphorus
and calcium content, by increasing the expression of mRNA encoding calcium and phosphorus transporters in the
small intestine.

More studies are needed to optimize the levels of phosphorus and calcium in the early stages of growth, as well
as fine-tuning the appropriate time period for decreasing them with the aim of designing nutritional strategies that
increase the utilization of phosphorus and improving the growth performance and mineralization of the bones.
Therefore, the aim of this study was to determine the effect of phosphorus and calcium restriction during grower
phase and its effect on growth performance, blood and bone parameters and adaptation response in broiler chicks.

Materials and Methods: A total of 648 one-day-old male broiler chicks of the Ross 308 strain were used in
this study. The chicks were randomly distributed into floor pens (1.2 m x 1m). During the starter period (1-10 d),
all birds were fed with a standard diet containing recommended nutrients of the Ross 308 strain. Then, the
experimental diets in the grower period (11-24 d) were included: 1) standard diet as control 2) diets with 15%
reduction in available phosphorus (aP) and calcium (Ca) and 3) diets with 30% reduction in aP and Ca. In this
period, the control treatment included 6 replicates of 12 chicks, and the other two treatments included 24 replicates
with 12 chicks each. On d 25 of age, each treatment group (except control) was divided into 4 treatment groups
including 0, 10, 20 and 30% reduction in aP and Ca levels for the finisher period diets; so that a total of 9 dietary
treatments with 6 replicates and 12 birds per pen were formed. Average body weight (BW), daily feed intake
(DFI), daily weight gain (DWG) and feed conversion ratio (FCR) were measured at the end of grower and finisher
periods. On day 24, one bird from each pen, weighing closest to the mean body weight was selected and
slaughtered, and the carcass parts, as well as internal organs were weighted and expressed relative to live body
weight. Blood samples were taken from wing vein of 5 chicks in each treatment on day 24 and serum Ca, Pi and
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ALP levels were analyzed. Percentage of ash, Ca, Pi and breaking strength of tibia, were measured at the ages of
24 and 42 days. Data were analyzed as a completely randomized design using the General Linear Model (GLM)
procedure in SAS software (SAS, 2009). Statistical significance of differences among treatments was assessed
using Duncan’s test when the F-test from the ANOVA was declared significant (P< 0.05). The probability level
between 0.05 and 0.1 was considered as a marginal trend toward significance. Linear and quadratic contrast was
also investigated in response to dietary calcium and phosphorus reduction at the end of each
experimental period (grower and finisher).

Results and Discussion: The results of this experiment showed that none of growth performance parameters
were affected by the treatments during the grower, finisher and the whole experimental period. The relative liver
weight was increased in a linear trend with dietary calcium and phosphorus reduction at 24 d of age. Similarly,
serum alkaline phosphatase level was linearly increased with decreasing of calcium and phosphorus reduction at
24 d of age. Tibia ash, calcium and phosphorus percentage were significantly affected by experimental treatments;
so that they were decreased in a linear trend when dietary calcium and phosphorus decreased at 24 and 42 d of
age. Tibia breaking strength was not significantly affected at 24 d of age; nevertheless, it had a trend to be
significant and was decreased in response to decreasing dietary calcium and phosphorus at 42 d of age. The
different response between growth performance and bone characteristics can be due to the fact that calcium and
phosphorus requirements are higher for maximum bone function than soft tissues growth. In fact, bone contains
99% and 80% of the body's calcium and phosphorus, respectively. Both act as the main component of
hydroxyapatite during the hardening of soft tissue in combination with the organic bone matrix to increase the
mechanical strength of bone.

Conclusion: The present study showed that reducing the percentage of dietary calcium and phosphorus, despite
their significant effect on the blood and bone characteristics of broilers chicken had no significant effect on broilers
growth performance. In general, available phosphorus and calcium can be reduced by 15% during the grower
period and up to 10% in the finisher period. However, further reduction in the percentage of calcium and
phosphorus of diet can lead to adverse effects on the measured traits.

Keywords: Alkaline phosphatase, Breaking strength, Feed intake, Tibia ash, Weight gain.



