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A five week feeding study was carried out to evaluate the effects of different levels of calcium, available phos-
phorus (AP) on broiler performance, carcass traits and deposition of calcium and phosphorus in serum and
tibia of broiler chickens. Two hundred and fifty two one day-old Ross 308 broiler chicks were used. The birds
were weighed and assigned to equal nine treatment groups: three calcium to phosphorus ratios were used, 2:1,
1.75:1, and 1.5:1, there were three different values of available phosphorus for each calcium into phosphorus
ratio according to the feeding stage. Each treatment had four replicates and each replicate contained seven
chicks. The results showed that during starter stage, performance at available phosphorus 0.5% and 0.45% were
significantly higher than that of 0.4% regardless of calcium levels for body weight, body weight gain and high
feed intake, but during the finisher period, there was no significant difference between treatments. Treatment
with Ca level 1.5 and AP 0.4% is the same result of treatment with Ca level 2 and AP 0.5% in all stages. Treatment
with Ca level 1.75 and AP 0.35% showed the highest serum ALT, Ca and P measurements and non-significant
changes in treatments with AP 0.4. AST and creatinine in treatments with AP 0.3% showed significant decreases
compared to treatments with AP 0.4%. Increasing of Ca level and P availability resulted in decreased Ca levels in
ash in all stages. Increasing P availability resulted in decreased P levels in all stages. Phosphorus availability 0.4%
showed high significant differences from AP 0.3% in weight, eviscerated, dressing and breast. Drumstick and
thigh in all treatments were the same except the high Ca level 1.5 with AP 0.35% and Ca level 2 with AP 0.3%,
which showed the lowest significant difference from other treatments. It could be concluded that calcium (Ca)

and phosphorus (P) utilization at low rate with low available phosphorus could be effective.

Introduction

The poultry industry has been the most dynamic segment of the
global meat market over the past ten years, with the largest expansion
being reflected in the rise of global food demand (Longo et al., 2007). Pro-
duction of broilers depends heavily on nutrition (Musilova, et al., 2014).
Good nutrition program in poultry played an important role in achieving
proper body weight gain and quality meat in the light of public health
(Jha and Berrocoso, 2015). Primary constituents or diets for poultry are
plant based ingredients which comes primarily from the seeds of plants
as cereal grains, oil seeds meal and beans, have a relatively high content
of phosphorus (Sharifi et al., 2012). Poultry nutrition mineral requirement
can vary within flock according to species, age, sex and performance level
(Rama Rao et al., 1999). Mineral nutrition plays a critical role in growth,
bone mineralization and reproductive performance (Baoa and Choctb,
2009). Calcium and phosphorus are macro minerals needed for metabo-
lism and mineralization of chicken bones (Charles and Afred, 2021). The
two main minerals that make up bone are calcium and phosphorus. Bone
contains more than 90% of the body's calcium and 80% of its phosphorus
(McDonald, 2002). Phosphorus and calcium are two important minerals
in poultry diets (Garcia et al., 2013). Normal levels of calcium to available
phosphorus in growing ratio is 2:1 (Schwartz, 1996). Phosphorus is an
essential nutrient for growing animals, the organism requires sufficient
supply of phosphorus with feed in which animal body contains 4-7 g
phosphorus/kg, depending on species and stage of growth (Mahan and
Shields, 1998). Low dietary calcium improved phosphorus utilization but
excess calcium may aggravate a phosphorus deficiency (Letourneau et
al., 2008). Calcium and phosphorus play an important role in growth
rate and bone mineralization (Hurwitz et al., 1995). Phosphorus play an

important role in maintain integrity of skeletal, appetite and growth in
young and older birds (Venalainen et al., 2006). Diet contains calcium and
phosphorus induces more gain in body weight and feed conversion rate
(Jadhav et al., 2016). Broiler received ration low in calcium and phospho-
rus induced reduction in average daily gain, average daily feed intake,
and body weight gain (Watson et al, 2006). However, increased calci-
um to phosphorus ratio was reported to decrease weight gain and feed
intake (Amerah et al, 2014). Moreover, insufficient supplies of calcium
and phosphorus reduce and bone calcification (Hurwitz et al,, 1995), with
reduction in toe and tibia ash% (Watson et al. (2006)., because of the
reduction in tibial and femur calcium and phosphorus (Van Straalen et
al,, 1991). Tibia ash, calcium, and P were decreased in the birds fed low-
phosphorus diets (0.30% phosphorus) (Mondal et al. (2007). Using half of
the requirements for calcium and available phosphorus in broiler diets
not induce much adverse effect on carcass characteristics (dressing % and
ready to cook %) (El-Faham et al,, 2019).

The present study was done to determine the effect of different levels
of calcium, phosphorus in the diet of broiler chickens on performance,
carcass traits and blood parameters of broiler chickens.

Materials and methods
Ethical approval

The research was conducted in accordance with the institutional
guidelines for the care and use of experimental animals approved by the

Institutional Animal Care and Use Committee, Zagazig University, Egypt
(Approval No. Zu- IACUC/2/F/270/2023).
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Birds and Management

Two hundred and fifty two male one day old chicks (Ross 308 broil-
er) were purchased from a producer of commercial chicks. Chicks were
housed in a conventional house using a battery system. Upon arrival, they
were weighed and randomly allocated equally to nine treatment groups,
each containing four replicates with seven chicks for each one. Broilers’
vaccination protocols were done against Newcastle (on the 4" and 14t
hdays) and Gumboro diseases (on the 7" and 22 day).The ingredient
composition (%) of the experimental diets is shown in Table 1.

Experimental Design and Diets

For the experiment, isocaloric and isonitrogenous broiler diets were
offered in mash form, fed according to rearing phase (Table 2), and for-
mulated to meet the nutrient requirements set by Ross 308 Broiler Nu-
trition Specification (2018).Three calcium into phosphorus ratios were
used at rates of 2:1, 1.75:1, and 1.5:1. There were three different values of
available phosphorus for each calcium into phosphorus ratio according
to the feeding stage. Available phosphorus level in starter stage (0.5, 0.45
and 0.4), grower stage (0.45, 0.4 and 0.35) and finisher stage (0.4, 0.35
and 0.3) (Table 1).

Sampling, Procedures, and Laboratory Analysis

The following parameters were measured: body weight, body weight
gain, feed intake and feed conversion ratio for the different stages of age
starter, grower, and finisher. FCR (feed conversion ratio) was calculated
according to Wagner et al. (1983).

At the end of experiment (35 days), five birds were randomly selected
from each group and slaughtered for the collection of blood samples,
which were obtained from the wing vein under aseptic conditions into a
sterile syringe without anticoagulants and then centrifuged at 3,000 x g
for 15min. The sera were stored at —20°C until usage to determine liver
enzymes (Aspartate aminotransferase (AST) and alanine aminotransfer-
ase(ALT)) Reitman and Frankel (1957), creatinine (Husdan and Rapoport,
1968), calcium (Gindler and King, 1972) and phosphorus (Goldenberg and
Fernandez, 1966).

Eviscerated carcass, dressing percentage, thigh, drumstick and breast
were weighed at the end of the experimental period by selecting three
birds from each group that fasted overnight, weighed, and then slaugh-
tered by a sharp knife to complete bleeding. Subsequently, their feathers
were plucked and evisceration was performed; then, the right tibia was
collected for ashing. A total of three birds per treatment at days 10, 23
and 35 were euthanized and then burned in a muffle furnace at 600°C;
then, Ca and P were analyzed according to the AOAC (1990) (meth-
0ds927.02 and 965.17, respectively). Minerals were determined by the
method of Nation and Robinson (1971).

Table 1. The experimental design.

Statistical Analysis

Results were reported as mean + SEM (Standard Error of Mean). In
order to assess the influence of the nine treatment groups on the dif-
ferent biochemical parameters, one-way analysis of variance (ANOVA)by
Duncan multiple test as post hoc test were used. The value of P < 0.05
was used to indicate statistical significance. ALL Analyses and charts were
done using Statistical Package for Social Sciences version 24.0 (SPSS, IBM
Corp., Armonk, NY) and Graph Pad prism 8.0.2 (Graph Pad Software, Inc).

Results

Performance parameters

In the current study, Table 3 shows that the decrease calcium (Ca) and
phosphorus (P) level significantly increase body weight (BW), body weight
gain (BWG), feed intake (FI) and feed conversion ratio (FCR). Calcium (Ca)
and phosphorus (P) utilization at a rate of 2:1, 1.75:1 and1.5:1 with avail-
able phosphorus 0.5%. Calcium (Ca) and phosphorus (P) utilization at a
rate of 1.5:1 with available phosphorus 0.4% significantly increase body
weight (BW), body weight gain (BWG), feed intake (Fl) and feed conver-
sion ratio (FCR) during all stages but during the finisher period, there was
no significant difference between groups except BWT.

G1 with calcium level 2:1 and AP 0.5% (mostly the highest growth
performance) significantly increase BWT and FI during all stage from G6
with calcium level 1.5:1 and AP0.45% (which showed the lowest result in
growth performance in all stage) BWG show significant difference be-
tween them in starter period only and with comparing BWT and Fl in
finisher period found that non-significant between them.

G2, G3 with calcium level 1.75:1 and 1.5:1 with AP 0.5% and G9 with
calcium level 1.5:1 with AP 0. 4% make the same result as in G1 calcium
level 2:1 with AP 0.5% (non-significant with each other in all stage of
growth performance) and with G6 with calcium level 1.5:1 and AP 0.45%
in finisher stage and over all except some difference as in G2 with calcium
level 1.75:1 and AP 0.5% which have a non-significant difference with all
groups in Fl starter stage and BWG in grower stage and show highly sig-
nificant difference in BWT of finisher stage, in G3 with calcium level 1.5:1
with AP 0. 5% show non-significant difference with all groups in BWG in
overall period. G9 with calcium level 1.5:1 with AP0.4% is the same result
of G1in all stage.

G4 with calcium level 2:1 with AP 0.4%show significant increase from
G6 with calcium level 1.5:1 with AP 0.4%in grower stage only period. In
other stages highly non-significant from each other , G5 with calcium
level 1.75:1 with AP 0.45% show significant increase from G6 with calcium
level 1.5:1 with AP 0.45% in grower stage and Fl in overall , G7 with calci-
um level 2:1 with AP 0.4%show significant increase from G6 in BWT and
Fl in grower stage and Fl in overall, G7 and G8 with level 2:1 and 1.75:1
with AP 0.4% as the same but G8 show significant increase from G6 with
calcium level 1.5:1 with AP 0.45% the BWG of grower stage.

Grower

Finisher

Age: 11 to 23 days

Age: 24 to 35 days

Groups Ca: AP Starter
Age: 0to10 days

Gl Ca: AP (2:1) 1% Ca + 0.50% AP
G2 Ca: AP (1.75:1) 0.88 % Ca + 0.50% AP
G3 Ca: AP (1.5:1) 0.75% Ca + 0.50% AP
G4 Ca: AP (2:1) 0.9% Ca + 0.45% AP
G5 Ca: AP (1.75:1) 0.79% Ca + 0.45% AP
G6 Ca: AP (1.5:1) 0.68% Ca + 0.45% AP
G7 Ca: AP (2:1) 0.80% Ca + 0.40%AP
G8 Ca: AP (1.75:1) 0.70% Ca + 0.40%AP
G9 Ca: AP (1.5:1) 0.60% Ca+ 0.40%AP

0.90% Ca - 0. 45% AP
0.79% Ca - 0.45% AP
0.68% Ca - 0.45% AP
0.80% Ca - 0.40% AP
0.70% Ca - 0.40% AP
0.60% Ca - 0.40% AP
0.70% Ca - 0.35%AP
0.62% Ca - 0.35%AP
0.53% Ca - 0.35%AP

0.80% Ca - 0. 40% AP
0.70% Ca - 0.40% AP
0.60% Ca - 0.40% AP
0.70% Ca - 0.35% AP
0.62% Ca - 0.35% AP
0.53% Ca - 0.35% AP
0.60% Ca - 0.30% AP
0.53% Ca - 0.30% AP
0.45% Ca - 0.30% AP
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Table 2. Composition of the experimental diet on day 10, 24 and 35.

Starter stage

Gl G2 G3 G4 G5 G6 G7 G8 G9
Yellow corn 50.1 50.8 51.3 50.8 51.44 52 51.5 522 52.7
Soybean meal 36.6 36.6 36.6 36.6 36.6 36.6 36.6 36.6 36.6
Corn gluten, 60% 5 5 5 5 5 5 5 5 5
Soybean oil 3.5 3.2 3 3.19 2.92 2.7 2.9 2.62 2.4
Monocalcium phosphate 1.9 1.9 1.9 1.6 1.66 1.7 1.4 1.42 1.4
Calcium carbonate 1.4 1.1 0.7 1.25 0.98 0.6 1.1 0.8 0.5
L-lysine Hcl 98% 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
DL-Methionine, 99% 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
L-threonine 98.5% 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.1
Sodium bicarbonate 0.28 0.28 0.28 0.28 0.28 0.28 0.23 0.19 0.19
Common salt 0.18 0.18 0.18 0.18 0.18 0.18 0.2 0.1 0.1
Premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Calculated composition
ME(Kcal/kg) 3001.3 3001 3002 3000 3000 3001 3001 2999 3001
Cp 23.64 23.65 23.72 23.69 23.7 23.7 23.73 23.72 23.78
Ca 0.10 0.89 0.75 0.90 0.81 0.86 0.81 0.70 0.60
Available P 0.50 0.50 0.50 0.45 0.45 0.46 0.40 0.40 0.39
Lysine 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.43 1.47
Methionine 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Threonine 0.10 1 1 0.1 0.10 0.99 1.00 0.99 0.10

Grower stage
Yellow corn 54.55 55.1 55.6 55.3 55.8 56.2 56 56.3 56.8
Soybean meal 322 322 322 32 32 32 32 32 32
Corn gluten, 60% 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Soybean oil 4.5 43 4.1 42 4 3.85 3.9 3.8 3.6
Monocalcium phosphate 1.7 1.7 1.7 1.45 1.45 1.45 1.2 1.2 1.2
Calcium carbonate 1.3 0.95 0.65 1.1 0. 80 0.55 0.95 0.75 0.45
L-lysine Hcl 98% 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
DL-Methionine, 99% 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
L-threonine 98.5% 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Sodium bicarbonate 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Common salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Calculated composition
ME(Kcal/kg) 3098 3100 3101 3099 3100 3102 3100 3102 3103
CP 21.53 21.57 21.61 21.58 21.62 21.65 21.64 21.66 21.69
Ca 091 0.79 0.69 0.80 0.70 0.61 0.71 0.64 0.53
Available P 0.45 0.45 0.45 0.40 0.40 0.40 0.35 0.35 0.35
Lysine 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29
Methionine 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Threonine 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Finisher stage

Yellow corn 57.61 58.31 58.9 58.6 58.85 59.4 59.2 59.5 59.95
Soybean meal 28.6 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5
Corn gluten, 60% 42 42 4.1 4.1 4.1 4.1 4.1 4.1 4.1
Soybean oil 5.7 5.4 5.2 5.3 5.3 5 5.1 5 48
Monocalcium phosphate 1.5 1.5 1.5 1.26 1.26 1.26 1 1 1
Calcium carbonate 1.1 0.8 0.51 0.94 0.7 0.45 0.8 0.6 0.35
L-lysine Hcl 98% 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
DL-Methionine, 99% 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
L-threonine 98.5% 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Sodium bicarbonate 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Common salt 0.31 0.31 0.31 0.31 0.31 0.31 0.32 0.32 0.32
Premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
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Table 2. Composition of the experimental diet on day 10, 24 and 35 (Continue).

Finisher stage

Gl G2 G3 G4 G5 G6 G7 G8 G9
Calculated composition
ME(Kcal/kg) 3201 3199 3199 3000 3197 3205 3201 3203 3203
CP 20.01 20.01 19.99 19.97 19.99 20.03 20.01 20.03 20.07
Ca 0.8 0.69 0.59 0.7 0.61 0.53 0.61 0.55 0.55
Available P 0.4 0.4 0.4 0.35 0.35 0.35 0.3 0.3 0.3
Lysine 1.19 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18
Methionine 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
Threonine 0.8 0.80 0.81 0. 81 0. 81 0.82 0.82 0.82 0.82

Mineral and vitamin premix: Eachlkg diet contain Vit. A (12000 IU), vit. D3 (5000 IU), vit. E (80 IU), vit. k3 (3.2mg), vit. B1 (3.2 mg), Vit. B2 (8.6 mg), Vit. B6 (4.3mg), pantothenic acid

(20 mg), Vit. B12 (0.017 mg), niacin (65 mg), folic acid (2.20 mg), biotin (0.22 mg), Fe (20mg),Mn (120 mg), Cu (16 mg), I (1.25 mg), Se (0.30 mg) and Zn(110 mg).

Table 3. The effect of different calcium and available phosphorus levels on growth performance in broilers from day 1 to 35.

Starter
Groups BWT (g) BWG (g) FI (g) FCR
Gl 266+16.06 225.5+16.58° 254.75+14.24° 1.13+0.02
G2 257+3.55° 216.57+3.37° 243.25+14.95%® 1.12+0.06
G3 265.25+7.41° 224.82+7.63* 256.5+3.87¢ 1.14+0.02
G4 244.5+17.13*® 204+16.86% 231.75+16.23% 1.13£0.01
G5 251.25+11.67® 210.62+11.67* 242.75+10.65% 1.15+0.01
G6 228+12.56° 187.55+12.96° 219.25+14.17° 1.16+0.02
G7 243+10.48* 202.97+10.44% 234+6.324555% 1.15+0.02
G8 250.75+6.13® 210.62+5.96 242.5+4.20% 1.15+0.01
G9 257+14.30° 216.75+14.24* 247.5+11.78° 1.14+0.02
Grower
Gl 1207.5+55¢ 941.5+49.69%* 1174.5+£72.89* 1.24+0.05
G2 1205+90.36° 948+88.91® 1200.5+82.04° 1.26+0.03
G3 1242+33.70° 976.75+28.57* 1207.75+53.33¢ 1.23+0.02
G4 1212.5+71.35% 968+60.40° 1202.5+63.56" 1.24+0.03
G5 1227.5+47.87° 976.25+37.5° 1224+72.58¢ 1.25+0.04
G6 1042.5+62.38° 814.5+£57.52° 989.25+68.03° 1.2140.01
G7 1175+98.827 932490.31* 1167.75+87.86° 1.25+0.03
G8 1207.5+41.12* 956.75+46.23* 1185.75+53.10° 1.2340.01
G9 1185+56.86° 928+60.31® 1146+87.66° 1.23+0.06
Finisher
Gl 2212.25+64.13% 1004.75+14.93 1498+53.43 1.49+0.07
G2 2287.5+39.58* 1082.5+83.50 1531.25+80.31 1.41£0.04
G3 2255.75+52.11# 1013.75+24.54 1482.5+46.43 1.46+0.05
G4 2206.75+127.10® 994.25+63.55 1438.75+50.94 1.44+0.06
G5 2224.5+75.15% 997+43.85 1437.25+30.44 1.44+0.03
G6 2011£118.67° 968.5+66.20 1404.75+84.79 1.45+0.01
G7 2201.5+178.06® 1026.5+81.45 1490+89.43 1.45+0.03
G8 2242.75+22.15%® 1035.25+38.87 1476.75+60.53 1.42+0.04
G9 2186.5+138.83*® 1001.5+92.64 1500.25+85.02 1.50+0.06
Overall
Gl 2171.85+64.44%* 2927.25+100.70° 1.34+0.04
G2 2247.07+£39.88¢ 2975+77.38° 1.32+0.01
G3 2215.32451.86® 2946.75+94.07* 1.33+0.02
G4 2166.25+127.31%® 2873+112.86° 1.32+0.04
G5 2183.87£75.30 2904+82.98* 1.32+0.04
G6 1970.55+119.11° 2613.25+136.46° 1.32+0.01
G7 2161.47+178.04® 2891.75+180.61? 1.33+0.03
G8 2202.62+22.05% 2905+68.09° 1.31£0.02
G9 2146.25+138.75%® 2893.75+138.722 1.34+0.04
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Table 4. The effect of different calcium and available phosphorus levels on Kidney, liver function and Ca, P in blood in broilers on 35 day.

Groups ALT AST Creatinine Calcium Phosphorus
Gl 11.37+0.47% 359.5+16.62* 0.34+0.01° 7.66+0.06¢ 6.66+0.09?
G2 10.8+0.86%¢ 368.5+8.06* 0.42+0.04* 7.83+0.78¢ 4.65+2.72°
G3 9.67+1.42b 319.75£15.37° 0.28+0.02< 9.84+0.28¢ 8.11+£0.37°
G4 11.1740.56%¢ 270.25+10.30¢ 0.27+0.01«¢ 8.59+0.28¢ 7.53£0.18*
G5 11.5+0.57° 280+12.02¢ 0.24+0.02< 8.87+0.09" 8.01+0.19°
G6 9.67+0.47°¢ 280.5+12.58« 0.28+0.03¢ 7.90+0.62¢ 7.13+0.48*
G7 10.55+0.97%¢ 282.75+6.02¢4 0.24+0.03< 7.88+0.26¢ 6.51+0.19*
G8 8.8+0.58¢ 297.25+13.93% 0.22+0.01¢ 9.21+0.48% 7.71+0.19*
G9 9.55+0.42< 258+19.78¢ 0.26+0.01¢ 8.18+0.15% 7.19+0.14*

Gl: Ca:AP (2:1); G2: Ca:AP (1.75:1); G3: Ca:AP (1.5:1); G4: Ca:AP (2:1) AP; G5: Ca:AP (1.75:1); G6: Ca : AP (1.5:1); G7: Ca:AP (2:1); G8: Ca:AP (1.75:1); G9: Ca:AP (1.5:1)

Serum analysis

At the end of the experiment (Table 4), using low level of calcium (Ca)
and phosphorus (P) that made a decrease in creatinine and liver enzymes
(ALT and AST) in serum of broiler chickens. ALT in G5 with calcium 1.75:1
with AV.P0.45% showed non-significant changes, followed by group G2
with calcium level 1.75:1 with AP 0.5%, G1 with calcium level 2:1 with
AP 0.5% then from G4 with calcium level 2:1 with AP0.45% and G7 with
calcium level 2:1 with AP0.4% and significantly from G3 then G6 , G1and
G5 show highly significant difference with G9 with calcium level 1.5:1 with
AP 0.4% and G8 with calcium level 1.75:1 with AP 0.4% which showed the
lowest ALT activity .

AST in G1and G2 with calcium level 2:1 and 1.75:1 with AP 0.5% more
significantly than G3 with calcium level 1.5:1 with AV.P0.5%, followed by
G8 with calcium 1.75:1 with AP 0.4%, which also followed by G5 with cal-
cium level 1.75:1 with AP 0.45% then G6 with calcium level 1.5:1 with AP
0.45% these 2 groups (G5, G6) are non-significant from G7 with calcium
level 2:1 with AP 0.4%. G9 with calcium level 1.5:1 with AP 0.4% showed
the lowest AST.

Concerning creatinine, G2 with calcium level 1.75:1 with AP 0.5%
showed the highest level of creatinine and significantly more than that
treated with all treated groups followed by G1 with calcium of 2:1 with AP
0.5%, G8 with Calcium level 1.75:1 with AP 0.4 % show lowest creatinine
value which followed significantly from G6 with calcium level 1.5:1 with
AP 0.45%, and non-significantly followed by other groups (when com-
paring with G8 (non-significant decrease), and with G6 (non-significant
increase).

In phosphorus and calcium comparison founded that G2 with calci-
um level 2:1 with AP 0.5% showed the lowest P and Ca value when com-
paring with other groups, other groups are non-significant to each other
according to P value, but for Ca value G3 with calcium level 1.5:1 with AP
0.5% show the highest level of Ca non-significantly followed by G8 with
calcium level 1.75:1 with AP 0.4%.G2 with calcium level 2:1 with AP 0.5%
was non-significantly followed by G1, G4, G6, G7 and G9.

Minerals Deposition

Our results showed that (Tables 5) Ca: AP ratio show the low availabil-
ity with low rate, the higher ratio. During the starter, grower, and finisher
stages, G9 with calcium level 1.5:1 with AP 0.4% significantly increased Ca
and P deposition in the tibial ash. During the starter and finisher periods,
G8 with calcium level 1.75:1 with AP 0.4% significantly decreased from G9
with calcium level 1.5:1 with AP 0.4%, but non-significant from each other
in grower period and P level in all stages. These results showed that when
availability of P decrease, more Ca deposition, that show in all stages as
in Ca level in all stages that showed significantly decrease in value from
G9 with calcium level 1.5:1 with AP 0.4%
with AP 0.4% gradually (all significant from each other), while in P level

to G1 with calcium level 2:1

showed the availability of P is 0.5%, the lowest P level especially when ca

rate increase, the low P level (2:1 < 1.75:1 < 1.5:1) except in grower stage,
when groups treated with P availability 0.4% showed the highest level
non-significantly followed by G6 with calcium level 1.5:1 with AP 0.45%
in starter and grower stages, G6 in finisher stage had different result for
G9 with calcium level 1.5:1 with AP 0.4% that showed non-significant
difference with availability 0.45 except with rate 2:1 (which show non -sig-
nificant difference with availability 0.5 with all rate).

Table 5. The effect of different calcium and available phosphorus levels on Ca
and AP on ashing of tibia in broilers on day 10, 24 and 35.

Groups Starter
Ca P Ca : P ratio
G1 2.83+0.01 1.82+0.01¢ 1.55+0.01¢
G2 2.93+0.01" 1.90+0.01°¢ 1.54+0.01¢
G3 3.01+0.02¢ 1.94+0.01% 1.55+0.01¢
G4 3.09+0.021 1.93+0.01% 1.594+0.01¢
G5 3.17+0.01¢ 1.95+0.01° 1.62+0.01%
G6 3.22+0.01¢ 2.00+0.03* 1.61+0.02%
G7 3.27+0.01° 2.02+0.02° 1.62+0.01%
G8 3.33£0.01° 2.03+0.02* 1.64+0.01°
G9 3.44+0.01* 2.02+0.03* 1.70+0.02¢

Grower
Gl 2.85+0.01" 2.14+0.01* 1.33+0.01¢
G2 3.02+0.02¢ 2.08+0.02¢ 1.45+0.03"
G3 3.11+0.01° 2.09+0.01«¢ 1.48+0.01¢
G4 3.16+0.02¢ 2.09+0.01¢ 1.514+0.01¢
G5 3.22+0.01° 2.10+0.01% 1.53£0.01¢
G6 3.31+0.03¢ 2.12:+0%¢ 1.56+0.01¢
G7 3.53+0.01° 2.12402¢ 1.66+0.01°
G8 3.63+0.01* 2.12+0.01% 1.71+0.01¢
G9 3.67+0.03¢ 2.13+0.01* 1.72+0.01*

Finisher
Gl 3.82+0.01 2.23+0.01¢ 1.71£0.09¢
G2 4.02+0.07" 2.294+0.01¢ 1.74+0.02¢
G3 4.24+0.07¢ 2.3240.01¢ 1.82+0.03"
G4 4.49+0.09" 2.3340.01¢ 1.924+0.03¢
G5 4.70+0.03¢ 2.33+0.01¢ 2.01+0.01¢
G6 4.85+0.05¢ 2.36+0.01° 2.05+0.02¢
G7 4.99+0.05¢ 2.37+0.01%® 2.10+0.02¢
G8 5.16+0.03° 2.374£0.01* 2.10+0.01°
G9 5.29+0.04* 2.38+0.01* 2.22+0.01*
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Fig. 1. The effect of different calcium and available phosphorus levels on carcass traits in broilers on day 35.

Carcass quality traits

Our results (Figure 1) showed that G2 with calcium level 2:1 with AP
0.5% significantly increased from all groups in all parameters, the drum-
stick percent which show non-significant difference between groups and,
G2 show non-significant difference with AP 0.5% in all parameters and
with G4 with calcium level 2:1 with AP 0.45% in thigh and breast reading
, in weight reading G5 with calcium level 1.75:1 with AP 0.45% showed
non-significance changes with P availability 0.5%, P availability 0.45 %
showed non-significance differences compared with P availability 0.40%
, eviscerated and dressing value showed the same result in weight with
some exception, G5 with calcium level 1.75:1 with AP 0.45% showed sig-
nificant decrease from reading G2 with calcium level 1.75:1 with AP 0.5%,
in breast percentage P availability 0.5% non-significant with P availability
0.45% with calcium level more than 1.5:1, other groups were non-signifi-
cant to each other, in thigh percentage all groups were non-significant to
each other except in G7 with calcium level 2:1 with AP 0.4% and G6 with
calcium level 1.5:1 with AP 0.45% which showed significant decrease in
all groups, and non-significant from each other.

Discussion

The present study revealed that low calcium and phosphorus lev-
els significantly increased body weight, body weight gain, feed intake
and feed conversion ratio. Calcium and phosphorus utilization at a rate
of 1.5:1 with AP 0.4% significantly increased body weight, body weight
gain, feed intake and feed conversion ratio during all stages but during
the finisher period, there were no significant differences between groups
except BWT.

Low levels of phosphorus and calcium induced loss of appetite, and
reduction in growth performance meanwhile broilers ration contained
enough dietary phosphorus and calcium showed good growth and body
performance (Larbier and Leclercq, 1994). These results were in line with
the findings of Yan et al. (2005) who stated that birds fed low calcium
and phosphorus diet (0.30% phosphorus and 0.6% calcium) had decrease
in body weighed less than those fed the control diet (0.45% phospho-
rus and 0.9% calcium) at 18days of age. Same results were recorded by
Watson et al. (2006) who mentioned that broiler received ration low in
calcium and phosphorus induced reduction in average daily gain, average
daily feed intake, and body weight gain. Same observation was recorded
by Zeller et al. (2015) who stated that calcium and phosphorus in broiler
ration resulted in increased body performance. In addition, Diaz et al.
(2019) reported that broilers fed adjusted calcium: available phospho-
rus (2:1) ration revealed maximum body weight gain at available phos-
phorus levels of 0.40%, 0.52%, and 0.53% and at available phosphorus
levels of 0.63%, 0.62 %, 0.59%. Using half the requirements of calcium
and phosphorus in broiler ration induced much adverse effect on body
performance which represented by reduction in BW, WG and increased

FCR (El-Faham et al., 2019). These results were in line with the findings
of Fallah et al. (2019) who stated that normal level of calcium and phos-
phorus induced increase in body weight and feed efficiency in broilers.
Same results were recorded by Ibrahim et al. (2019) who mentioned that
broiler chicks fed diets containing 50% calcium and available phosphorus
improved body performance. Our results agreed with the result observed
by Zeyad et al. (2020) who reported that broiler received diet contained
30% available phosphorus induced decreases in feed intake and weight
gain. Ducklings during starter and grower periods received calcium and
phosphorus revealed significant increase in body weight, body weight
gain and FCR (Soheir et al., 2021).

Low levels of calcium and phosphorus that made a decrease in cre-
atinine and liver enzymes (ALT and AST) in serum of broiler chickens but
calcium at a rate of 1.75:1 with available phosphorus 0.45% showed none
significant elevation in liver enzymes (AST and ALT) meanwhile calcium
at a rate of 1.75:1 with AP 0.5%, G1 with calcium level 2:1 with AP 0.5% ,
calcium level 2:1 with AP 0.45% and calcium level 2:1 with AP 0.4% induce
significantly elevation.

Our results were similar to the result of Van Straalen et al. (1991) who
reported that low calcium and phosphorus contents in ration reduced
serum liver enzymes. Similar changes in serum liver enzymes were re-
corded by Zhang et al. (2020) who stated that broilers received ration low
in calcium and phosphorus revealed reduction in serum calcium, phos-
phorus, AST and ALT. In addition, Broilers fed on low phosphorus levels
in ration showed significant reduction in plasma ALT, AST and creatinine
(Mahmoud et al., 2021). Our data was confirmed by result reported by
Soheir et al. (2021) stated that increasing dietary calcium and phosphorus
improved liver enzymes and creatinine.

Our results showed that Ca: P ratio show the low availability with low
rate, the higher ratio. during the starter, grower, and finisher stages, calci-
um level 1.5:1 with AP 0.4% significantly increased Ca and P deposition in
the tibial ash meanwhile, during the starter and finisher periods, G8 with
Calcium level 1.75:1 with AP 0.4% showed significant reduction from G9
with calcium level 1.5:1 with AP 0.4%, but non-significant from each other
in grower period and P level in all stages. These results showed that when
availability of P decrease, more Ca deposition, that show in all stages as
in Ca level in all stages that showed significantly decrease in value from
G9 with calcium level 1.5:1 with AP 0.4% to G1 with Calcium level 2:1
with AP 0.4% gradually (all significant from each other),while in P level
showed the availability P is 0.5% the lowest P level especially when ca
rate increase, the low P level (2:1 < 1.75:1 < 1.5:1) except in grower stage,
when groups treated with P availability 0.4% showed the highest level
non-significantly followed by G6 with calcium level 1.5:1 with AP 0.45%
in starter and grower stages, G6 in finisher stage had different result for
G9 with calcium level 1.5:1 with AP 0.4% that showed non-significant
difference with availability 0.45 except with rate 2:1 (which show non -sig-
nificant difference with availability 0.5 with all rate).

Our results were similar to the result of Van Straalen et al. (1991) who
reported that low calcium and phosphorus contents in ration reduced
serum calcium and phosphorus. Bone mineral content and ash % were
linearly decreased as the level of dietary calcium (Onyango et al., 2003).
These results were in line with findings of Watson et al. (2006) mentioned
that broiler received ration low in calcium and available phosphorus re-
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vealed reduction toe and tibia ash%. In Addition, Mondal et al. (2007)
indicated that the tibia ash, calcium, and P were decreased in the birds
fed low- phosphorus diets. Also, Wulandari et al. (2012) stated that low
calcium and phosphorus in ration induce decrease in bone formation
represented by low tibial ash content. Same results were recorded by
Diaz, et al. (2019) who observed that broilers fed adjusted calcium: avail-
able phosphorus (2:1) diets revealed maximum weight of tibia ash and
weight of phosphorus in tibia ash were observed at available phospho-
rus levels of 0.40%, 0.52%, and 0.53% and at available phosphorus lev-
els of 0.63%, 0.62 %, 0.59% in broilers fed the variable calcium: available
phosphorus diets. The above mentioned results are in agreement with
those obtained by Fallah et al. (2019) who concluded that normal level of
calcium and phosphorus induced increase in tibial calcium ash content
in broilers. These results agreed with the results mentioned by Zeyad et
al. (2020) found broilers received diet contain 30% available phosphorus
showed decreased in tibia ash, calcium, and phosphorus Similar changes
in serum calcium and phosphorus were recorded by Zhang et al. (2020) in
broiler chickens received ration low calcium and phosphorus. Broilers fed
on low phosphorus levels in ration showed significant decrease in plasma
calcium and phosphorus (Mahmoud et al. (2021). Broilers fed ration low
in calcium and available phosphorus revealed decrease in ash and phos-
phorus content of tibia (Wang et al. 2021).

Conclusion

It could be concluded that usage of calcium (Ca) and Phosphorus (P)
utilization at low rate with low available phosphorus could be effective
and showed better results in some parameters when supplemented with
calcium (Ca) and phosphorus (P) utilization at high rate with high avail-
able phosphorus ration of broiler chickens.

Acknowledgments

The support of the Nutrition and Clinical Nutrition Department, Zag-
azig University, is gratefully acknowledged.

Conflict of interest

The authors declare that they have no conflict of interest.

References

Amerah, A, Barnard, L., Kumar, A, 2014. Effect of calcium and phytase addition on ilealphytate
degradation and amino acid digestibility of broilers fed corn in diets. Poult. Sci. 93,
96-99.

AOAC (Association of Official Analytical Chemists), 1990. Official methods of analysis. Association
of official analytical chemists. Washington, D.C., USA

Baoa, Y., Choctb, M., 2009. Trace mineral nutrition for broilers and prospects of application of
organically complexed trace minerals: a review. Anim. Prod. Sci. 49, 269-282.

Charles, V., Afred, N., 2021. the most balance composition of calcium-phosphorus in the feed to
support growth performance and tibia profile of broiler chicken strain CP 707. Livest.
Anim. Res. 19, 139-148.

Diaz, J., Gdmez, R, del, M., Angeles, E., Lopez, C., 2019. effects of the level and relationship of
calcium and available phosphorus on the growth and tibia mineralization of broiler
starter chickens. J. Appl. Poult. Res. 28, 339-349.

El-Faham A., Ibrahim, S., Thabet, A, 2019. effect of dietary levels of calcium and phosphorus
and cholecalciferol on performance of broiler chicks. Egypt J. Nutr. Feeds 22, 201-208.

Fallah, H., Karimi, G, Sadeghi, S., Behroozi, K., 2019. The effects of calcium source and concen-
tration on performance, bone mineralization and serum traits in male broiler chickens
from 1 to 21 days of age. Anim. Prod. Sci. 59, 1090-1097.

Fuhrman, F., Crismon, J., 1951., Muscle electrolytes in rats following ischemia produced by tourni-
quets. Amer. J. Physiol. 167, 289-297.

Garcia, A, Murakami, A, Duarte, C., Rojas, I, Puzotti, M., 2013. Use of Vitamin D3 and Its me-
tabolites in broiler chicken feed on performance, bone parameters and meat quality.
Asian-Austral. J. Anim. Sci. 26, 408-415.

Gindler, EM,, King, J.D., 1972. Rapid colorimetric determination of calcium in biologic fluids with
methylthymol blue. Amer. J. Clin. Pathol. 58, 376-382.

Goldenberg, H., Fernandez, A., 1966. Simplified method for the estimation of inorganic phospho-
rus in body fluids. Clin. Chem. 12, 871-882.

Hurwitz, S., Talpaz, H., Bar, A, 1995. Calcium metabolism and requirements of chickens are affected
by growth. J. Nutr. 125, 2679-2686.

Husdan, H., Rapoport, A., 1968. Estimation of creatinine. J. Clin. Chem. 14, 22- 38.

Ibrahim, S., Abdelhady, D., El-Faham, A., 2019. Effect of calcium, available phosphorus and sodium
diformate levels 1- performance and tibia measurements of broiler chickens. Egypt J.
Nutr. Feeds 22, 257-265.

Jadhav, N., Patil, V., Kulkarni, S., Ravikanth, K., Choudhary, A., Maini, S., 2016. Effect of calcium,
phosphorus premix with synergistic herbs supplementation in improving overall per-
formance, carcass quality and tibial mineralization in broiler chickens. J. Adv. Vet. Anim.
Res. 3, 268-273.

Jha, R, Berrocoso, J., 2015. dietary fiber utilization and effects on physiological functions and gut
health of swine. Anim. 9, 441-452.

Larbier, M., Leclercq, B., 1994. Nutrition and Feeding of Poultry. Nottingham University Press. Not-
tingham, UK.

Letourneau, M., Lescoat, A., Jondreville, C., 2008. Effects of reduced dietary calcium and phytase
supplementation on calcium and phosphorus utilization in broilers with modified min-
eral status. Brit. Poult. Sci. 49, 705-715.

Longo, F., Menten, J., Sorfara, B., 2007. Performance and carcass composition of broilers fed dif-
ferent carbohydrate and protein sources in the prestarter phase. J. Appl. Poult. Res.
16, 71-77.

Mahan, D., Shields, R., 1998. Macro and micro mineral composition of pigs from birth to 145
kilograms of body weight. J. Anim. Sci. 76, 506-512.

Mahmoud, A, Elwy, A, Mohamed, S., Ali, M., Ezzat, A, 2021. Effect of dietary calcium and phos-
phorus levels on growth, carcass characteristics and liver and kidney functions of grow-
ing Egyptian geese. Poult. Sci. 8, 101-108.

McDonald, P., 2002. Animal nutrition. Pearson Edu. 4, 24-26.

Mondal, M., Panda, S., Biswas, P., 2007. Effect of microbial phytase in soybean meal based broiler
diets containing low phosphorous. Int. J. Poult. Sci. 6, 201-206.

Musilova, A, Lichovnikova, M., Przywarova, A., 2014. Effect of exogenous phytase on egg quality
in laying hens. Acta Fytotechnica et Zootechnica 17, 79-83.

Nation, J.L,, Robinson, F.A.,, 1971. Concentration of some major and trace elements in honeybees,
royal jelly and pollens, determined by atomic absorption spectrophotometry. J. Apicul.
Res. 10, 35-43.

Onyango, E.M., Hester, P.Y., Stroshine, R, Adeola, O., 2003. Bone densitometry as an indicator
of percentage tibia ash in broiler chicks fed varying dietary calcium and phosphorus
levels. Poult. Sci., 82, 1787-1791.

Rama Rao, S., Ravindra, V., Ramasubba, V., 1999. Enhancement of phytate phosphorus availability
in the diets of commercial broilers and layers. Anim. Feed Sci. Technol., 79, 211-222.

Reitman, S., Frankel, S., 1957. Colorimetric determination of SGOT and SGPT activity. Am. J. Clin.
Path., 28, 56-59.

Schwartz, R, 1996. Practical aspects of calcium and phosphorus nutrition. Avian Farms Technical
Newsletter April 1996. Avian Farms, INC.

Sharifi, M., Senobar, M., Jenabi, S., 2012. The effects of dietary non Phytase phosphorus levels and
phytase on laying performance and egg quality parameters of Japanese quails (Cotur-
nixcoturnix Japonica). Arch. Gefligelk. 76, 13-19.

Soheir, A, El-Shhat, A, Awad, A, 2021. Effect of Dietary Calcium and Phosphorus Levels on Pro-
ductive Performance, Carcass and Tibia Characteristics of Sudani Ducklings. J. Anim.
Poult. Prod., Mansoura Univ. 12, 31-36.

Van Straalen, J., Sandr, E., Sadr, G., 1991. Bone alkaline phosph-atase as indicator bone formation.
Clin. Chim. Acta. 201, 27-33.

Venalainen, E., Valaja, J., Jalava, T., 2006. Effects of dietary metabolisable energy calcium and phos-
phorus on bone mineralization leg weakness and performance of broiler chickens. Brit.
Poult. Sci. 47, 301- 310.

Wagpner, D., Furrow, R, Bradley, B., 1983. Subchronic toxicity of growth promoters in broiler chick-
ens. Vet. Pathol. 20, 353-359.

Wang, J,, Patterson, R., Kim, W.K,, 2021. Effects of phytase and multicarbohydrase on growth per-
formance, bone mineralization, and nutrient digestibility in broilers fed a nutritionally
reduced diet. J. Appl. Poult. Res., 30, p.100146.

Watson, B., Matthews, J., Southern, L., Shelton, J., 2006. The effects of phytase on growth perfor-
mance and intestinal transit time of broilers fed nutritionally adequate diets and diets
deficient in calcium and phosphorus. Poult. Sci., 85, 493-497.

Waulandari, E., Murninsih, W., Wahyuni, C., 2012. Deposition of calcium and phosphorous to egg
shells of Arab hens fed various levels of AzollaMicrophylla. Anim. Agricul. J., 1, 507-520.

Yan, F., Angel, R, Ashwell, C,, Mitchell, A, Christman, M., 2005. Evaluation of the broiler's ability
to adapt to an early moderate deficiency of phosphorus and calcium. Poult. Sci. 84,
1232-1241.

Zeller, E., Schollenberger, M., Witzig, M., Shastak, Y., Kiihn, |., Hoelzle, LE., Rodehutscord, M., 2015.
Interactions between supplemented mineral phosphorus and phytase on phytate hy-
drolysis and inositol phosphates in the small intestine of broilers. Poult. Sci. 94, 1018-
1029.

Zeyad, K., Ahmad, H., Hassan, N., 2020. Response of broilers to calcium and phosphorus restric-
tion: Effects on growth performance, carcass traits, tibia characteristics and total tract
retention of nutrients. Ital. J. Anim. Sci. 19, 31-38.

Zhang, L., He, T, Piao, X, 2020. Effects of normal and low calcium and phosphorus levels and
25-hydroxycholecalcif-erol supplementation on performance, antioxidant, meat quali-
ty, and bone properties of broilers. Poult. Sci. 99, 63-72.

520



