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ABSTRACT

This study evaluated the effect of dietary calcium (Ca) and available phosphorus (aP) restriction
on growth performance, nutrients retention (ATTR), serum metabolites, and tibia in broiler chick-
ens. A total of 720 one-day-old Ross-308 broilers were used in this study. Broilers were fed with
0 (control), 10 (L), 20 (Ly), and 30% (L3) aP-deficient starting (ST) diets during 1-10 days. In ST
period, control included 6 and others included 18 replicates of 12 chicks. In post-starter (PST)
period, control was still fed with standard diets, while restricted groups were divided into 3
groups and fed with L;, L,, and L; diets. Each PST treatment included 6 replicates of 12 chicks.
Data were analysed using a completely randomised design in a 1 (control)+3 x 3 factorial
arrangement. Factors included aP levels in ST and PST diets. Results showed that L; diet
decreased feed intake and weight gain but increased ATTR of Ca in starter phase in compare
with control group (p<.05). Retarded growth of birds was compensated in post-starter phase.
The Ca, P and ALP levels in blood serum were not significantly influenced by aP levels on day
10 and day 42. The ATTR of Ca and tP on day 42, were higher in birds fed L diets than L, or L,
groups (p<.05). The main effect of L group in both ST and PST, decreased (p<.05) tibia ash, Ca,
and P in compare with L; group. Main effect of post-starter L3 group had lowest femur breaking
strength (p=.007). In general, restriction in dietary aP increased nutrients ATTR, impaired bone
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mineralisation and strength without affecting growth performance.

HIGHLIGHTS

e Phosphorus is one of the most important environmental pollutants that is excreted through

broilers manure.

e Birds exposed to aP and Ca restriction increased the retention of these minerals.
e Dietary aP and Ca restriction impaired bone mineralisation and strength.

Introduction

Calcium and P are two main macro-minerals with
essential structural and physiological functions in the
animal body. Poultry require Ca and P for proper bone
development, muscle functionality, enzyme activity,
and normal metabolism (Underwood and Suttle,
1999). Some of the Ca and P requirements are met by
feed ingredients incorporated in the diet; then, inor-
ganic Ca and P supplements are added to the diet to
thoroughly fulfil the requirements.

The high inclusion levels of inorganic P in poultry
diets contribute to increased feed cost and environ-
mental pollution due to excess P excretion (Delezie
et al. 2015; Gautier et al. 2017). On the other hand,

high dietary Ca levels increase digesta pH leading to
decreased digestibility of lipids and other nutrients. A
mild reduction in dietary Ca level may enhance the P
and other nutrients bioavailability (Mutucumarana
et al. 2014).

Dietary P is not fully digested and utilised by
poultry species due to the insufficient production of
endogenous phosphatases in their digestive tract.
There are evidences that broilers may develop adap-
tive mechanisms when exposed to available phos-
phorus (aP) deficiency during early age (Ashwell and
Angel 2010; Proszkowiec-Weglarz and Angel 2013).

Feeding birds with a P-deficient diet for 90 h post-
hatch resulted in improved utilisation of dietary P later
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in life. This improvement in P retention could be
partly attributed to a long-lasting increase in gene
expression of the intestine-specific Na/P cotransporter
during the early P deprivation as well as later in life
(Ashwell and Angel 2010). Then, starting diets low in P
may develop specific adaptive alterations in birds that
help them use P more efficiently even during growing
and finishing periods. However, there is little informa-
tion on the levels of early and later P deficiencies by
which the compensatory pathways can be induced
efficiently in broilers.

Rousseau et al. (2016) reported that broilers are
able to adapt to the early life deficiency of dietary P
and Ca by improving digestion efficiency in the next
periods, and the amount of compensation for bone
mineralisation and growth performance depends on
the amount of P and Ca in the post-starter diets.

It has been reported that aP levels in diets of mod-
ern broiler chickens can be reduced by 20% (Delezie
et al. 2015). The current study aimed to evaluate
broiler chickens’ responses to different dietary Ca and
aP restriction regimens, with constant Ca: aP ratio of
2:1, during starter and post-starter periods. The eval-
uated variables were included growth performance,
carcase traits, nutrients apparent total tract retention,
serum metabolites, and tibia bone properties.

Materials and methods

This study was approved by the Animal Care and Use
Committee of the Ferdowsi University of Mashhad,
Mashhad, Iran.

Birds, diets, and housing

Seven hundred and twenty 1-day-old straight run
Ross-308 broiler chicks with average body weight (BW)
of 42.54+0.87 g were randomly distributed into sixty
1x 1m? floor pens with wood shavings as bedding

Table 1. Experimental design of the dietary treatments.

material. Each pen served as a replicate unit, and the
60 pens were allocated into four starting dietary treat-
ments as follows: 1) a standard diet containing recom-
mended levels of Ca and aP (Control); 2) a diet with
10% Ca and aP restriction; 3) a diet with 20% Ca and
aP restriction; and 4) a diet with 30% Ca and aP
restriction. During the starter period, the control treat-
ment included 6 and other treatments included 18
replicates of 12 chicks each, respectively. At the end
of the day 10, total live BW and residual feed weight
of each pen were measured. Then each starting Ca
and aP deficient group (all starting groups except the
control) was divided into three new groups which
were reared on one of the 10%, 20% or 30% post-
starter Ca and aP restriction regimens until 42 days of
age. The control group fed standard growing and fin-
ishing diets with no restriction. Accordingly, ten Ca
and aP regimens were applied in this study including
the control, L,(ST)L;(PST), L;L,, LiLs, LoL;, LiLy, Lsls,
LsL,, LsLy, and LslLs regimens, accordingly. During the
post-starter period, each treatment included 6 repli-
cates of 12 chicks each. By the decreasing levels of Ca
and aP in the starting diets, we sought to stimulate
the adaptation mechanism of broilers and distinguish
how much reduction could induce a more adaptive
response. With different aP levels in the post-starter
period, we aimed to know the possible reduction level
of dietary P in response to Ca and aP restriction of
starter period. The calcium to aP ratio was kept con-
stant in all experimental diets. The experimental
design of the dietary treatments is shown in Table 1.
Diets used in each feeding phase differed only in Ca
and aP levels, and all other nutrients were provided
following the nutrition specifications of Ross-308
broilers (Aviagen 2014b). For each phase, two diets
were prepared, one of which contained recommended
levels of Ca and aP and the other contained the low-
est evaluated level of the Ca and aP (70% of recom-
mendation level). Then limestone and dicalcium

Starter phase (1-10 days) Grower phase (11-24 days)

Finisher phase (25-42 days) Treatment abbreviation

Control' Control?
U1 L

L, L,

L3 Ly

Control® cc
Ly LiLy
L LiL;
Ls Lils
Ly LoL,
L Ll
L3 LLs
Ly LsL,y
L, LsL,
Ls Lsls

Control diet contained 100% of the Ca and available phosphorus (aP) recommended by Ross 308 company, 2014; L,, L, and L3 diets
contained 90, 80 and 70% of Ca and aP recommended by Ross 308 company, respectively.

'Control: 0.96% Ca, 0.48% aP; Ly: 0.864% Ca, 0.432% aP; L,: 0.768% Ca, 0.384% aP; Ls: 0.672% Ca, 0.336% aP.

2Control: 0.87% Ca, 0.43% aP; L: 0.783% Ca, 0.387% aP; L,: 0.696% Ca, 0.344% aP; L3: 0.609% Ca, 0.301% aP.

3Control: 0.79% Ca, 0.395% aP; L;: 0.711% Ca, 0.355% aP; L,: 0.632% Ca, 0.316% aP; Ls: 0.553% Ca, 0.276% aP.



Table 2. Composition of experimental diets, as fed basis.
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Starter phase (1-10 days)

Grower phase (11-24 days) Finisher phase (25-42 days)

0% 10% 20% 30% 10% 20% 30% 0% 10% 20% 30%

Ingredients (%)

Corn 49.2 49.2 49.2 49.2 52.56 52.56 52.56 52.56 57.78 57.78 57.78 57.78
Soybean meal (44% CP) 4156  41.56 41.56 41.56 3779  37.79 37.79 37.79 32.29 32.29 32.29 32.29
Vegetable oil 453 453 4,53 453 541 541 541 5.41 5.97 5.97 5.97 5.97
Dicalcium phosphate 1.93 1.65 1.37 1.08 1.71 1.46 1.2 0.94 1.54 1.31 1.07 0.84
Limestone 1.06 0.97 0.88 0.79 0.98 0.9 0.82 0.74 0.91 0.84 0.76 0.69
Common salt 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
NaHCO; 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Vitamin premix1 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
oL-Methionine 0.38 0.38 0.38 0.38 0.32 0.32 0.32 0.32 0.29 0.29 0.29 0.29
L-Lysine HCI 0.25 0.25 0.25 0.25 0.17 0.17 0.17 0.17 0.18 0.18 0.18 0.18
-Threonine 0.1 0.11 0.11 0.11 0.08 0.08 0.08 0.08 0.06 0.06 0.06 0.06
Choline chloride 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Sand 0 0.37 0.74 1.1 0.33 0.67 1.01 0 0.31 0.61 0.92

Calculated nutrient composition, %

Metabolisable energy (kcal/kg) 3000 3000 3000 3000 3100

cP 23 23 23 23
Crude fibre 3.99 3.99 3.99 3.99
Ca 0.96 0.864 0.768 0.672
Available P 0.48 0.432 0.384 0.336
Na 0.16 0.16 0.16 0.16
Lysine 1.44 1.44 1.44 1.44
Met + Cys 1.08 1.08 1.08 1.08
Threonine 0.97 0.97 0.97 0.97
Analysed nutrient composition

Ca 0.94 0.85 0.75 0.66
Total P 0.73 0.68 0.62 0.56

3100 3100 3100 3200 3200 3200 3200

215 21.5 21.5 21.5 19.5 19.5 19.5 19.5
3.80 3.80 3.80 3.80 3.53 3.53 3.53 3.53
0.87 0.783
043 0.387
0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
1.29 1.29 1.29 1.29 1.16 1.16 1.16 1.16
0.99 0.99 0.99 0.99 0.91 0.91 0.91 091
0.88 0.88 0.88 0.88 0.78 0.78 0.78 0.78

0.696
0.344

0.609 0.79
0.301 0.395

0.711
0.355

0.632
0.316

0.553
0.276

0.85 0.77 0.68 0.60 0.77 0.70 0.62 0.54
0.68 0.63 0.58 0.53 0.64 0.60 0.55 0.50

0% (control) diet contained 100% of the Ca and available phosphorus (aP) recommended by Ross 308 company (Aviagen, 2014); in 10, 20 and 30% diets,

Ca and aP levels were decreased by 10, 20, and 30% of control diet.

The vitamin premix supplied the followings per kilogram of diet: vitamin A, 9,000 U; vitamin D3, 2,000 U; vitamin E, 18 U; vitamin K3, 2mg; thiamine,
1.8 mg; riboflavin, 6.6 mg; vitamin B6, 3 mg; vitamin B12, 0.02 mg; Biotin, 0.15mg; Pantothenic acid, 30 mg; niacin, 10 mg; choline chloride, 1,000 mg;

vitamin C, 300 mg; and folic acid, 1 mg.

The mineral premix supplied the followings per kilogram of diet: Mn, 100 mg; Fe, 50 mg; Zn, 84.7 mg; Cu, 10mg; |, 1mg, and Se, 0.15 mg.

phosphate were used instead of sand to obtain differ-
ent levels of Ca and aP in the diets (Table 2).

During the first four days of the rearing period,
each pen contained a tray feeder along with a plastic
day-old chick drinker, and then a manual type plastic
feeder and two nipple drinkers were used per pen.
House temperature was set at 32°C at the time of
replacement and then decreased by 3°C weakly until
21°C is reached. Relative humidity was kept between
65-75% and 50-60% from 1 to 7 days and 8 to 42
days, respectively. All birds were provided with 24 h
light during the first two days, followed by 18h light:
6h dark thereafter. Other rearing conditions were
managed according to the Ross-308 management
handbook (Aviagen 2014a).

Growth performance

At the end of the starting (10days of age), growing
(24 days of age), and finishing (42 days of age) phases,
collective live weight and residual feed weight of each
pen was measured to determine average BW, daily
WG and daily Fl. Body weight of dead birds and the
number of days that the dead birds spent in the pen

were recorded to calculate hen-day (HD) and mortal-
ity-corrected FCR. Following formulae were used to
determine WG, HD, Fl, and FCR of a unit during a
given period:

DWG (g/bird/day) = (BW2 - BW1)/

duration of the period in days

where BW1 and BW2 represent BW of birds in the unit
at the beginning and end of the period, respectively.

HD = (number of birds in the unit at the end
of period x duration of the period in days)

+ number of days that the dead birds
spent in the unit

DFI (g/bird/day) = total feed intake of the unit/HD

FCR = total feed intake of the unit/
(total BW of dead and remaining birds)

Blood metabolites

Blood samples were collected from the jugular vein at
the moment of decapitation. Serum was separated
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and analysed for Ca and P content (ICP-OES; Spectro
Arcos System, Germany, model 76004555) as described
by Leske and Coon (2002). The alkaline phosphatase
(ALP) activity was assessed using a commercially avail-
able kit (Pars Azmon, Tehran, Iran) according to the
DGCK Method (The German  Societies for
Clinical Chemistry).

Tibia and femur characteristics

The left tibias were removed and de-flashed, defatted
by soaking in ethyl alcohol for 48 hours, and again in
ethyl ether for 48h (Hamdi et al. 2015b). The tibias
were then dried to a constant weight using a drying
oven at 105°C for 24 hours. Then they were ashed in
a muffle furnace at 550°C for 12h (Hamdi et al.
2015a). The remaining ash was used to determine tibia
Ca and P contents by employing the ICP-OES method.
The right femur was removed, de-fleshed, and the
breaking strength was measured by the Instron
Universal Testing Machine (Model H5KS, Tinius Olsen
Company) (Mirakzehi et al. 2013).

Apparent total tract retention of nutrients

On day 6 and day 36 of the experiment, 15 and 10
male birds from each treatment group were weighed
and transferred into 5 metabolic cages, respectively.
After 2days of adaptation, the birds were exposed to
a 12h fasting period. Then the chicks were refed for
three days, followed by another 12h fasting period.
Excreted materials were collected quantitatively twice
per day and stored immediately in —18°C until further
analysis. Excreta collection was performed from the
beginning of the refeeding period to the end of the
second fasting period. The amount of consumed feed
was recorded for each metabolic cage. Feed samples
and faecal materials were dried using a forced air
oven at 55°C for 48h and then ground through a
blade grinder and weighed quantitatively to calculate
collective dry matter (DM) intake and DM excretion.
All samples were analysed for total nitrogen (TN) using
the Kjeldahl method, according to AOAC international
(2005; Method 2001.11). Then, the proportion of crude
protein (CP) in each sample was obtained by multiply-
ing the associated TN value by 6.25. Inductively
coupled plasma optical emission spectroscopy (ICP-
OES; Spectro Arcos System, Germany, model
76004555), was used to determine dietary and faecal
Ca and total P contents as described by Leske and
Coon (2002). Finally, nutrients ATTR were calculated
according to the following formula (Mutucumarana

et al. 2014):

(the amount of the nutrient consumed
— the amount of the nurient excreted)
the amount of the nutrient consumed

x 100

ATTR =

Carcase traits

On day 42 of age, one male bird per pen was
selected, weighed, and decapitated for measuring car-
case yield. Moreover, breast, thigh, and neck-back-
wing parts were weighed separately along with liver,
spleen, bursa of Fabricius, and abdominal fat pad. The
results were expressed as a percent of live weight.

Statistical analysis

The data were analysed using the GLM procedure of
SAS (2012) software in a completely randomised
design for variance analysis, the means were com-
pared by Tukey's test (p < .05). Then the control
group was excluded, and the data were analysed as a
3 x 3 factorial with 3 dietary levels of Ca and aP in
starter phase and 3 dietary levels of these minerals in
the post-starter period. The levels-response effect of
Ca and aP was computed using orthogonal polyno-
mial contrasts (linear and quadratic). Orthogonal con-
trast was used to determine the mean comparison
among treatments (control vs. other treatments).

Results
Growth performance

The results of growth performance in broiler chickens
during starter (1-10 days), grower (11-24 days), fin-
isher (25-42 days), and post-starter (11-42 days) peri-
ods are shown in Tables 3 and 4. During the starter
phase, BW, WG, and Fl in the L3 group were signifi-
cantly lower than that of the control group (p < .05).
The BW, WG, and FI were linearly decreased (p < .05)
with decreasing levels of dietary aP in the starter
phase. Likewise, decreasing dietary aP concentrations
linearly decreased BW, WG, and FCR during grower
phase (Table 4). Whereas, growth performance traits in
other phases were not significantly different. The WG,
Fl, and FCR were not significantly affected by reducing
levels of dietary aP during finisher and post-starter
periods (Table 4). The FCR in L,L, group on day 11-24
was the lowest, and it was significantly lower than the
control group (p = .02). Comparing the main effects
of ST and PST regimens revealed that BW, WG, and Fl
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Table 3. Effect of different dietary levels of calcium and available phosphorus on growth performance, nutrients retention, and

serum metabolites in broiler chickens (1-10 days).

Reduction of Ca and available phosphorus (aP) p Value
Criteria’ 0% 10% 20% 30% SEM Model Linear Quadratic
Growth performance
BW, g 251.72° 239.8° 24472% 235.04° 1529 013 023 926
WG, g/b/d 20.70° 19.52° 19.83%° 19.11° 0.149 030 024 740
FI, g/b/d 25.84° 24.83%° 25,03 23.97° 0.147 018 .007 719
FCR, g/g 1.240 1.274 1.269 1.256 0.005 356 848 092
Apparent total tract retention of nutrients %
Ca 50.07° 50.99° 53.56%° 58.81° 0.975 033 004 269
tP 58.48 60.95 60.39 63.31 0.850 304 077 895
DM 77.24 76.37 78.29 78.54 0.379 212 110 483
cp 64.64 64.99 65.88 65.98 0.248 207 034 809
Blood serum metabolites
Ca, mg/dL 7.62 7.5 7.42 7.77 0.101 642 363 381
P, mg/dL 455 478 458 50 0.111 502 682 312
ALP, U/L 9900 15780 14601 16575 1402.6 409 542 241

0% (control) diet contained 100% of Ca and aP recommended by Ross 308 company (Aviagen, 2014b); in 10, 20 and 30% diets, Ca and aP levels were

decreased by 10, 20 and 30% of control diet.

"Control (0%) mean represents 6 observations and 10, 20 and 30% treatments represents 18 observations each.
2byalues in the same row with different letters are significantly different (p < .05).
tP: total phosphorus; BW: body weight; WG: weight gain; Fl: feed intake; FCR= feed conversion ratio; ALP: alkaline phosphatase; DM: dry matter; CP:

crude protein; Ca: calcium; P: phosphorus

Table 4. Effect of different dietary levels of calcium and available phosphorus (aP) on growth performance in broiler chickens.

Dietary treatments Grower (11-24 days)

Finisher (25-42 days)

Post-starter period (11-42 days)

BW, day WG, Fl, FCR, BW, day WG, Fl, FCR, WG, Fl, FCR,
ST pST? 24,9/b  g/b/d g/b/d g/g 42,9/b  g/b/d g/b/d a/g g/b/d g/b/d g/g
0% 0% 905.93 46.51 73.77° 1.58° 2399.2 82.73 132.032 1.59 67.16 107.54 1.59
10% 10% 912.03 47.90 70.35%¢ 1479 2421.8 83.30 133.89% 1.60 67.95 106.61 1.56
20% 902.62 47.49 69.897°¢  1.47% 2439.3 85.37 136.012 1.59 68.66 107.08 1.55
30% 916.79 47.75 72.18%°¢ 15134 25370 89.46 135.94% 1.52 7091 107.78 1.53
20% 10% 939.64 48.99 73207 1.49°¢ 25347 88.05 135.352 1.58 71.24 108.77 1.55
20% 928.07 49.12 71.07%°¢  1.44¢ 2430.9 83.66 132.14% 1.58 68.72 106.07 1.56
30% 893.32 46.39 75.67° 1.57% 2434.7 84.10 135.57° 1.57 68.70 109.91 1.57
30% 10% 917.05 47.59 70.95%°¢  1.49°¢ 24781 84.09 137.34% 1.59 69.28 108.50 1.56
20% 889.22 46.73 67.81% 1474 2413.6 84.69 133.522 1.57 67.80 104.52 1.54
30% 845.32 43.28 66.55¢ 1.53% 2320.8 80.62 122.31° 1.54 65.59 100.01 1.53
SEM 6.838 0.427 0.557 0.008 15.484 0.658 0.939 0.005 0.474 0.658 0.004
p Value .184 .160 .022 .002 126 153 .047 .065 283 .088 .089
Main effects
ST
10% 910.4 47.71 70.81°° 148 2462.7 85.42 135.28 1.57 68.63 107.16 1.55
20% 921.9 48.27 72.59° 1.50 2466.8 85.27 134.35 1.57 69.11 108.25 1.56
30% 883.8 45.87 68.44° 1.49 2404.2 84.05 131.06 1.57 67.55 104.34 1.55
SEM 12.735 0.805 0.979 0.015 27914 0.982 1.589 0.010 0.770 1.159 0.007
PST
10% 9229 48.16 71.50 1.48° 2478.2 85.21 135.53 1.597 69.49 107.96 1.56
20% 906.6 47.78 69.59 1.46° 2427.9 84.57 133.89 1.587 68.39 105.89 1.55
30% 884.6 4577 70.63 1.52° 2427.5 85.06 131.27 1.54° 67.23 105.90 1.54
SEM 12.735 0.805 0.979 0.015 27914 0.982 1.589 0.010 0.770 1.159 0.007
p Value
ST 128 .118 .016 672 218 534 154 923 .398 .0583 465
PST 130 .106 .606 .001 344 .899 173 .012 173 356 325
ST x PST 481 578 279 .680 .082 125 .015 291 278 .080 .280
Control vs. aP reduced diets 963 599 119 .001 379 295 623 319 310 6627 .014
Linear (aP levels in PST) .043 .047 974 .016 227 538 .090 .002 .389 .250 123
Quadratic (aP levels in PST) .858 422 .180 .002 493 .651 8212 321 617 501 .831

0% (control) diet contained 100% of Ca and aP recommended by Ross 308 company (Aviagen, 2014b); in 10, 20 and 30% diets, Ca and aP levels were

decreased by 10, 20 and 30% of control diet.
TST: reduction level of Ca and aP in the starter period.
2pST: reduction of Ca and aP in the post-starter period

2=dyalues in the same column with different letters are significantly different (p < .05).

were not influenced by reducing aP levels during fin-
isher, and post-starter periods. But, the FCR was
improved in the birds fed with L3 diets compared with

the birds fed with L; or L, diet during 25-42 days (p
< .01). A 2-way interaction between ST and PST for FI
was observed (Figure 1). Feed consumption in the
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Figure 1. The interaction between starter and post-starter regimens on Fl during finisher phase. Dietary Ca and available phos-
phorus (aP) restriction regimens (left two digits represent restriction rates during the starter phase while right digits represent

restriction rates during the post-starter period).

Table 5. Effect of different dietary levels of calcium and available phosphorus (aP) on blood metabolites, nutrients retention,

and tibia and femur traits in broilers chickens.

Dietary treatments

Blood serum metabolites (day 42)

Apparent total tract retention (day 42), %

Tibia traits® (day 42), %

Ca, P, ALP, F-BS,
ST pPST? mg/dL mg/dL u/l DM cp Ca Total P ash Ca p (N)
0% 0% 7.88 5.86 4920 69.81 62.51 40569 45715 5057* 3693° 17.86° 364.60°
10% 10% 7.72 5.84 4820 70.70 62.53 41.95% 51.44%° 4959 3509°° 17,08 330.05%
20% 7.68 5.60 4880 70.50 61.89 43274 51247 49517 33905 15.82°% 290.50°
30% 7.94 5.82 5280 71.10 62.42 46.88%°¢ 54717 47.83%¢ 3266 16.40° 281.90°
20% 10% 7.55 5.60 5675 72.19 63.41 44609 4571 5006 3573 16.47° 312.90%
20% 7.64 5.60 4920 70.00 63.83 46597 5299%  48.93%°¢ 353220 1542%f 33510
30% 7.74 5.68 5200 72.84 64.46 48.57° 57597  47.14<% 30.79% 14647  300.30%
30% 10% 7.86 568 4840 70.62 6227 4292°9 4376  47.43°9 3551° 16997 34950%
20% 7.62 5.60 5080 71.47 63.65 43894 51347 4478%  31.13°9 14.82¢F 286.50°
30% 7.90 5.82 5275 72.71 63.71 47.69%° 56.83% 45819 2929° 1520°F 218.10°
SEM 0.045 0.062 147.47 0.435 0.480 0.528 0714 0279 0.198  0.105 6.973
p Value 534 959 952 7629 959 025 0015 0009 <.0001 <.0001 .002
Main effects
ST
10% 7.78 5.75 49933 70.76 6228 4403 5246  48.98° 33.88° 1643 297.51
20% 7.64 5.55 5265.0 71.67 6394 4659 52.21 4871° 3395 1551° 316.12
30% 7.79 5.70 5050.0 71.60 63.21 4483 50.64  46.00° 32.85° 1567° 28472
SEM 0.085 0.105 268.3 0.772 0.898 0.896 1366 0555 0330 0.188  12.824
pPST
10% 7.71 5.70 51117 7117 6267  43.16° 47.09°  49.03% 3544° 16847 327.51°
20% 7.64 5.52 4960.0 70.65 63.12 44.58° 51.86° 4774 3345° 1535°  304.06
30% 7.86 5.77 5250.0 7222 6353  47.72° 56387  46.93° 31.63° 1541° 266.79°
SEM 0.085 0.105 2683 0.772 0.898 0.896 1366 0555 0330 0.188  12.824
p Value
ST 396 368 761 657 466 139 600 001 021 .003 233
PST 205 231 754 359 832 004 0002 036 <.0001 <.0001 .007
ST x PST 837 938 776 790 973 979 257 503 .001 103 082
Control vs. aP reduced diets .350 423 .699 293 .693 .013 .018 .008 <.0001 <.0001 .007
Linear (aP levels in PST) 209 663 718 320 481 001 <.0001 057  <.0001 .0001 003
Quadratic (aP levels in PST) 178 293 487 254 984 4323 942 556 895 0067 683

0% (control) diet contained 100% of Ca and aP recommended by Ross 308 company (Aviagen, 2014b); in 10, 20 and 30% diets, Ca and aP levels were
decreased by 10, 20 and 30% of the control diet.
'ST: reduction of calcium and available phosphorus in the starter period.

2pST: reduction of calcium and available phosphorus in the post-starter period
3Ash percent (as a percent of dry bone weight): Ca and P percent (as a percent of dry ash weight) of defatted tibia bone on day 42. ALP: Alkaline phos-
phatase; F-BS: Femur breaking strength. ®Values in the same column with different letters are significantly different (p < .05).
SEM: standard error of the mean; ALP: alkaline phosphatase; DM: dry matter; CP: crude protein; Ca: calcium; P: phosphorus.
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Figure 2. The interaction between starter and post-starter regimens on tibia calcium content on day 42. Dietary Ca and available
phosphorus (aP) restriction regimens (left two digits represent restriction rates during the starter phase while right digits represent

restriction rate during the post-starter period).

LsLs group was significantly lower than other groups
during the finisher phase (p = .015). Also, orthogonal
contrast between control and aP reduced diets
showed that there were no significant differences in
regard to BW, WG, Fl, and FCR in grower, finisher, and
post-starter periods (Table 4).

Blood metabolites and apparent total tract
retention of nutrients

The Ca and P concentrations and the ALP activity in
blood serum of broiler chicks were not significantly
influenced by reduced dietary aP levels on day 10
(Table 3) and day 42 (Table 5). Neither aP levels sig-
nificantly influenced the blood serum metabolites in
ST and PST regimens nor their interaction.

Decreasing dietary aP levels did not significantly
affect the ATTR of tP, DM, and CP at the starter phase
(p > .05). But the ATTR of Ca was significantly
increased (p = .0336) in birds fed with L; diet com-
pared with the birds fed L, diet and those fed control
diet during 1-10 days (Table 3). The main effects of ST
and PST had no significant effect on ATTR of DM, CP,
Ca, and tP on 42days of age (Table 5). But the ATTR
of Ca and tP on day 42 of age were significantly influ-
enced by reduced dietary aP of PST diets. Retention of
Ca and tP was greater (p = .004 and p = .0002,
respectively) for birds fed 30% reduction of aP when
compared with 20% group or 10% group at 42 days.
Also, ATTR of Ca and P were linearly increased when
the aP levels decreased in the diets (Lin, p = .0008
and p < .0001, respectively). The orthogonal contrast
between control and aP reduced diets showed that

ATTR of Ca and P in low-aP groups were significantly
greater (p < .05) than the control group (Table 5).

Tibia and femur characteristics

The influence of reduced dietary aP during ST, and
PST periods and, their interaction on tibia traits on
day 42 of age in broiler chickens are presented in
Table 5. The results showed that ST and PST regimens
significantly affected the tibia ash, Ca, and P contents
in the finisher phase. The main effect of starter Ls
diets (30% reduction in dietary Ca and aP) significantly
decreased the tibia ash, Ca, and P contents (p = .001,

= .021 and p = .003, respectively) when compared
with L; group. Likewise, the main effect of post-starter
Ls group had lower tibia ash content (p = .036), tibia
Ca (p < .001), tibia P (p < .001), and femur breaking
strength (p = .007) in compare with the L; group.
Also, tibia ash, Ca, P contents, and the femur breaking
strength were linearly decreased by decreasing dietary
aP levels.

Additionally, tibia ash, Ca, and P contents and the
femur breaking strength in aP-deficient groups were
significantly lower than in the control group (control
vs. other groups). A 2-way interaction between ST and
PST for tibia Ca was observed (Figure 2). The groups
L,Ls, LsbL,, and LsLs had the lowest tibia Ca compared
with other groups (p = .0010).

Carcase traits

Based on the results presented in Table 6, the effect
of the model (simple completely randomised design)
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Table 6. Effect of different dietary levels of calcium and available phosphorus (aP) on carcase traits and internal organs in broiler

chickens.

Dietary treatments

Carcase parts (day 42), %

Internal organs (day 42)

ST pST? Breast Thighs Neck + Back Wings Abdominal Fat Heart Liver Gizzard
0% 0% 25.56 19.67 15.74 532 1.14 041 1.85 1.49
10% 10% 26.43 20.26 15.32 5.45 1.53 0.41 1.72 1.50
20% 26.10 19.96 14.75 5.16 1.08 0.45 1.89 137
30% 27.11 19.70 15.20 5.29 1.27 0.39 1.75 1.39
20% 10% 27.02 20.23 15.20 5.44 1.39 0.41 1.78 1.49
20% 26.86 19.26 16.02 5.27 1.40 0.43 1.94 1.57
30% 26.56 20.36 15.74 5.14 1.34 0.42 1.82 1.46
30% 10% 27.47 19.50 15.12 5.27 1.11 0.42 1.71 1.44
20% 27.52 19.97 15.77 5.24 1.48 0.45 1.72 1.35
30% 25.90 19.85 15.89 539 1.61 0.41 1.77 143
SEM 0.302 0.100 0.151 0.048 0.045 0.009 0.028 0.020
p Value 874 304 .655 .862 153 936 .628 344
Main effects
ST
10% 26.55 19.98 15.09 5.30 1.31 0.440 1.789 1.423
20% 26.81 19.90 15.65 5.29 1.38 0.424 1.852 1.510
30% 26.97 19.94 15.60 5.30 1.40 0.432 1.738 1411
SEM 0.559 0.297 0.280 0.087 0.083 0.018 0.050 0.039
PST
10% 26.97 19.58 15.21 539 1.34 0.420 1.741 1.4817
20% 26.83 19.93 15.51 5.23 1.34 0.447 1.853 1.432
30% 26.52 20.30 15.61 5.27 141 0.430 1.785 1.430
SEM 0.559 0.297 0.280 0.087 0.083 0.018 0.050 0.039
p Value
ST .866 .985 307 .990 663 .8485 289 125
PST .845 243 .584 394 752 .5849 305 537
ST x PST 71 994 625 629 .059 .9546 779 .380
Control vs. aP reduced diets 230 476 .560 .896 193 691 .500 466
Linear (aP levels in PST) 551 .068 310 312 .583 691 A7 340
Quadratic (aP levels in PST) .902 .970 774 315 710 .3055 409 .604

0% (control) diet contained 100% of Ca and aP recommended by Ross 308 company (Aviagen, 2014); in 10, 20 and 30% diets, Ca and aP levels were

decreased by 10, 20 and 30% of the control diet.
1ST: reduction of calcium and available phosphorus in the starter period.

2PST: reduction of calcium and available phosphorus in the post-starter period.

SEM: standard error of the mean.

or the effect of starter and post-starter regimens and
their interaction had no significant (p > .05) effect on
carcase traits and internal organs in broiler chickens
on day 42 of age. By comparing with control groups,
reduction of dietary available phosphorus (aP) did not
affect (p > .05) carcase parts and internal organs of
broiler chickens (control vs. other treatments). Also,
with decreasing aP levels, no linear effect was
observed on carcase parts and internal organs.

Discussion
Growth performance

The adverse effects of dietary aP deficiency was very
clear on growth performance during the starter phase,
but these effects were disappeared in the later phases.
In the present study, growth performance was not
influenced by decreased dietary aP during the finisher
and post-starter periods. These results are in agree-
ment with the findings of Yan et al. (2005) who
reported that the birds fed the low Ca and P diet

(0.30% nPP and 0.6% Ca) had weighed less (p < .05)
than those fed the control diet (0.45% nPP and 0.9%
Ca) at 18days of age; however at 28 and 32 days no
significant differences were observed regarding to BW
among the treatments. Birds fed with diet containing
0.6% Ca and 0.30% nPP had similar growth perform-
ance in compare to those fed 1.0% Ca and 0.45% nPP
diet (Rousseau et al. 2016). In another study, reducing
dietary aP levels did not significantly affect BW, WG,
FI, and FCR from 1 to 42days of age (Farhadi
et al. 2017).

The disappearance the negative effects of aP defi-
ciency on growth in the later phases, may be due to
the birds’ ability to adapt to this deficiency. Modern
broilers showed a high adaptive capacity when fed
with diets containing low Ca or P in the early age
(Yan et al. 2005). Increasing nutrient digestibility may
be one of the adaptive responses. Mitchell and
Edwards Jr (1996) reported that the reduced mineral
content of diets resulted in higher apparent retention
of Ca and tP. The growth performance and nutrient
retention were better in birds fed with diet containing



(0.6% Ca) compared with birds receiving more than
0.6% Ca with constant dietary nPP level at 0.30%
(Gautier et al. 2017). Additionally, the true ileal P
digestibility and true P retention were highest (p <
.05) in birds that fed with diets containing 0.13% Ca
compared with birds fed diets formulated with 0.95%
Ca (Perryman et al. 2016). Also, Abudabos (2012)
reported that the intestinal phytase activity was
increased with decreased inorganic P in the diets.

Blood metabolites and apparent total tract
retention of nutrients

The Ca and P concentrations and activity of the ALP in
blood serum of broiler chicks were not significantly
influenced by reduced dietary aP on day 10 and day
42 (Tables 3 and 5). These results agree with the find-
ings of Kheiri and Rahmani (2006), who reported that
serum Ca and P concentrations were not influenced
by reduced dietary aP level. In contrast, Bar et al.
(2003) reported that reduced dietary Ca from 10.3 g/kg
to 1.9g/kg diet during 1-11days of age led to hypo-
calcaemia. The different responses of serum Ca and P
concentrations may be related to the severity of
the deficiency.

In the current study, reducing dietary aP levels led
to an increase in the ATTR of Ca and P in both day 10
and day 42 of age. With this adaptation mechanism,
the birds tried to compensate for the dietary defi-
ciency of P and Ca. These results were supported by
findings of Mitchell and Edwards Jr (1996), who
showed that the reduced mineral content of diets
resulted in higher apparent retention of Ca and P.
Reduced levels of inorganic Ca in the diet improved
phytate-P availability (Selle et al. 2009). Similarly, the
apparent digestibility of Ca, and P was linearly
increased when the dietary levels of Ca decreased
from 1.16 to 0.47% with constant dietary P level at
0.34% (Plumstead et al. 2008). Increased Ca and P
retention in the current study may be due to the
development of the adaptive mechanisms which
include, synthesis of 1,25-dihydroxycholecalciferol,
plasma membrane Ca-transporting, calbindin expres-
sion, sodium-calcium exchanger, plasma membrane
Ca®" ATPase (PMCA), calcium pumps, sodium-depend-
ent phosphate transport protein 2B that increase the
availability of the minerals. Adedokun and Adeola
(2013) reported that the increase in the synthesis of
1,25-dihydroxycholecalciferol enhances intestinal Ca
absorption. Additionally, previous studies have shown
that the adaptation of chickens to a P-deficient diet
resulted in an increase in the net synthesis of the
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duodenal plasma membrane Ca-transporting, plasma
membrane Ca?" ATPase and its mRNA (Cai et al.
1993). Centeno et al. (2004) demonstrated that a low
Ca diet increases sodium-calcium exchanger activity in
chick enterocytes.

Tibia and femur characteristics

In the current study, reduced dietary aP levels led to a
decrease femur breaking strength and ash, Ca, and P
contents in the tibia. This decrease was more pro-
nounced in birds fed with post-starter diets that had a
greater decrease in aP and Ca levels. The birds fed
diets with 10% aP deficiency in the post-starter period,
regardless of the aP restriction level in the starter
phase, had no significant difference with the control
treatment. In other words, birds fed with diets con-
taining 20 and 30% aP and Ca restriction in the post-
starter period, could not compensate the deficiency of
these minerals. This indicates that the dietary aP and
Ca concentrations can be reduced by 30% in the
starter period, but the reduction of these minerals in
the post-starter period diets by more than 10% is not
appropriate.

These results are in agreement with the findings of
Onyango et al. (2003), who found that bone mineral
content and ash percentage were linearly decreased
as the level of dietary Ca decreased from 0.91% to
0.45%. Mondal et al. (2007) indicated that the tibia
ash, Ca, and P were decreased in the birds fed low-P
diets (0.30% nPP) compared with the control diet
(0.46% nPP). Similarly, the tibia ash was decreased by
reduced dietary P level from 3.5 g/kg to 2.5g/kg in the
diet (Wilkinson et al. 2014). The decrease in tibia ash,
Ca, and P, probably due to increase in parathyroid
(PTH) and 1,25(0OH),D3; hormones level, promotes the
transfer of Ca and P from the bones to the blood.
Dittmer and Thompson (2011) showed that the
1,25(0OH),Ds, together with PTH, promotes mobilisation
of Ca from bones to maintain constant blood Ca con-
centration. The 1,25(0OH),D3; hormone stimulates osteo-
clastogenesis, resorption of bone, and mobilisation of
Ca (Kitazawa et al. 2003). Similarly, PTH increases the
Ca resorption from the bones by enhancing the 1,25-
(OH),D3 production (de Matos 2008).

Carcase traits

Lowering dietary aP did not show a significant effect
on carcase parts and internal organs in broilers chick-
ens. The present study findings are in agreement with
published reports in this field. Han et al. (2015)
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reported that nPP levels did not significantly influence
the carcase, breast, and legs relative weight. Likewise,
Akter et al. (2016) pointed out that the relative weight
of birds’ internal organs were not impacted by reduced
Ca and nPP from 10g/kg Ca and 4g/kg nPP to 6 g/kg
Ca and 3g/kg nPP. Similar results have been reported
by Abdulla et al. (2017), who observed that Ca levels
did not affect yield, leg, and breast percentages. In
another study, the carcase, breast, drumstick, and thigh
yields were not influenced by the reduction of Ca up
to 30% of the broilers’ requirements (Tizziani et al.
2019). In the current study, meat quality was not
studied and can be considered in future investigations.

In the current study, we hypothesised that, by
reducing the dietary aP level by 10, 20, and 30% of
the standard in the starter phase, adaptive responses
would be seen in the post-starter period. Each of
these starter-period treatments was divided into three
groups in the post-starter period (10, 20, and 30% of
the standard) with the aim of reducing the amount of
dietary aP in response to probable induced adaptation
in the starter period. The results showed that the birds
in the post-starter period did not show remarkable
response to the decrease of the starter phase aP diet.
Although, their retarded growth due to starter aP
restriction was well compensated and the Ca and P
retention in response to a decrease in dietary P, were
linearly increased at 42days of age. Even the body
weight of 42-day-old restricted chicks, except for the
treatment with the most severe restriction (L3 L3), was
numerically higher than the control treatment. In this
experiment, aP and Ca restrictions were applied in the
starter phase, but the recommended levels of these
minerals were not used in the diet in the post-starter
period. It is recommended that the control diet be
used after the starter period restriction in future
researches. If we consider the growth performance of
broilers as a response criterion, it is possible to reduce
dietary aP levels by 30% and 10% in the starter and
post-starter periods, respectively.

On the other hand, the results of this experiment
showed that, by reducing the level of aP in the diet,
bone mineralisation is impaired. Even in treatments
with a 10% reduction in dietary aP, the tibia ash, Ca,
and P contents, as well as the femur's breaking
strength, were numerically decreased. Therefore, if we
consider the tibia mineralisation as a response criter-
ion, we should not reduce the dietary Ca and aP levels
during the post-starter period. Since the bone mineral-
isation is a critical parameter in the fast-growing
broilers, Ca and aP reduction in the diets will be risky.
Therefore, we conclude that the recommended dietary

levels of aP and Ca by Aviagen (2014b) is appropriate
and should not be reduced.

Conclusions

It could be concluded that dietary Ca and aP restric-
tion up to 30% early in life (1-10 days of age) could
make broilers utilise the two minerals more efficiently
during the post-starter phase without negative effect
on the birds’ growth performance. Dietary aP and Ca
restriction impaired bone mineralisation and strength.
The ATTR of Ca and P was improved by decreasing
their dietary concentrations. Blood serum metabolites
and carcase traits were not significantly affected by
decreasing aP and Ca up to 30% in the diet.
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