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Abstract 
This study was conducted at the poultry farm to animal science department, Faculty of 

Agriculture, Ferdowsi University of Mashhad, for the period from 12/8/2018 to 

26/9/2018. The objective of the study was to evaluate the influence of different levels of 

calcium (Ca) and available phosphorus (AP) with or without probiotic (Pro) on overall 

growth performance and criteria of the bones of broiler chickens. Four diets were 

formulated and fed to broilers from days 1 to 10 with different mineral status;1) standard 

diet (0.96% Ca and 0.48% AP) as recommended by the Ross 308 strain guidelines; 2) 

Low1 (0.864 % Ca and 0.432% AP); 3) Low2 (0.768 % Ca and 0.384% AP); and 4) 

Low3 (0.672 % Ca and 0.336% AP). On the eleventh day, each treatment of low-Ca and 

AP treatments except the standard treatment (control group) was divided into six groups 

(low1, low2, and low3 with Probiotic  ( or (low1, low2 and low3 without probiotic). The 

bacteria concentration was (2 x 10
9
 CFU/g). While the restriction was continued until the 

end of trial. Results showed that lowering the Ca and AP levels did not influence on 

weight gain (WG) and feed intake (FI), but the feed conversion ratio (FCR) was 

influenced by reduced Ca and AP levels (P=0.036). Birds fed diet containing low-Ca and 

AP with probiotic or without it, had a better feed conversion ratio compared with control 

group (P=0.01 and P=0.005) respectively. The percentages of ash, calcium, and 

phosphorus of tibia were decreased in birds fed the low-Ca and AP diets with or without 

probiotics compared with the control group. Broiler chickens fed with the low-calcium 

and phosphorus+ probiotics diets showed a higher percentage of calcium and phosphorus 

in the tibia ash compared to those fed on the same diets without probiotics. The results 

also showed that the length, width and relative weight of femur were not influenced by 

Ca and AP-deficiency or by probiotic supplementation, but the breaking strength was 

influenced by calcium and available phosphorus deficiency. Whereas the breaking 

strength has reduced in birds that suffer Ca and AP deficiency with or without probiotic 

compared with the control group. In conclusion, it is possible to decrease dietary Ca and 

AP levels by 10% or 20% during the grower and finisher phases without affecting growth 

performance and bone criteria. 
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 الوستخلص

يٍ اجشٚج انذساعت فٙ حمم انطٕٛس انذاجُت انخابع نمغى عهى انحٕٛاٌ، کهّٛ انضساعت، جايعت فشدٔعٙ، يشٓذ نهفخشة 

يٍ  . كاٌ انٓذف يٍ ْزِ انذساعت ْٕ حمٛٛى حأثٛش يغخٕٚاث يخخهفت2012/ عبخًبش/22إنٗ  2012/أغغطظ/ 12

فی أداء انًُٕ انكهٙ ٔيعاٚٛش انعظاو  (Proانًعضص انحٕٛی ) يع أٔ بذٌٔ (AP) ( ٔانفٕعفٕس انًخاحCaانكانغٕٛو )

ت لٛاعٛت عهٛم( 1اٚاو ٔ کاَج انعالئك کاالحٙ:  10انی  1ئك ٔ غزٚج بٓا انطٕٛس يٍ اغت اسبع عالحى صٛ نفشٔج انهحى.

 Low1( 2؛ 302سٔط  حٕصٛاث انذنٛم االسشاد٘ نغالنتحغب  (% فغفٕس يخاح0.42% کانغٕٛو ٔ 2..0)

 (4؛ % فغفٕس يخاح(0.324% کانغٕٛو ٔ 0.722) Low2( 3؛  (% فغفٕس يخاح0.432% کانغٕٛو ٔ 0.224)

Low3  (0.272 ٔ 0.332% کانغٕٛو)انٕٛو انحاد٘ عشش يٍ انعًش )يشحهت انًُٕ( حى حمغٛى كم ف. % فغفٕس يخاح ٙ

 controlححخٕ٘ عهٗ يغخٕٚاث يُخفعت يٍ انكانغٕٛو ٔ انفغفٕس يا عذا يعايهت انغٛطشة ) ٙانخيعايهت يٍ يعايالث 

group( انٗ عخت يعايالث )low1, low2, and low3 with Probiotic( ٔا )low1, low2, and low3 

without Probiotic).  2)حٛث کاٌ حشکٛض انبکخشٚا x 10
9
 CFU/g) ٔانفٕعفٕس اعخًش َمص انكانغٕٛو . بًُٛا

 ،انخجشبت. اظٓشث انُخائج اٌ اَخفاض انكانغٕٛو ٔ انفغفٕس نى ٚؤثش عهٗ انضٚادِ انٕصَٛت ٔاعخٓالن انعهف حخٗ َٓاٚت

عهٗ  ( ار ايخهكج انطٕٛس انًغزاةP=0.036)نكٍ كفاءة ححٕٚم انعهف لذ حأثشث بخفط يغخٕٖ انكانغٕٛو ٔ انفغفٕس

افعم كفاءة  ،ٌٔ انًعضص انحٕٛ٘ذغٕٛو ٔ انفغفٕس انًخاح يع أ بعالئك ححخٕ٘ عهٗ يغخٕٚاث يُخفعت يٍ انكان

انكانغٕٛو ، عهٗ انخٕانٙ. اَخفعج َغبت انشياد (P=0.01 and P=0.005)ححٕٚم عهف يماسَت يع يعايهت انغٛطشة 

أ يع يُخفعت يٍ انکانغٕٛو ٔ انفغفٕس  ححخٕ٘ عهٗ يغخٕٚاثعهی عالئك  ةٔ انفغفٕس فٙ لصبت عاق انطٕٛس انًغزا

اظٓشث انطٕٛس انخٙ حعاَٙ يٍ َمص انكانغٕٛو ٔ انفغٕس ٔ انخٙ  بذٌٔ انًعضص انحٕٛ٘ يماسَت يع يجًٕعت انغٛطشة.

َغبت اعهٗ يٍ انكانغٕٛو ٔانفغفٕس فٙ لصبت انغاق يماسَت يع  ،انًعضص انحٕٛ٘حى حغزٚخٓا عهٗ عهٛمت ححخٕ٘ عهٗ 

ئج اٚعا اٌ ظٓشث انُخاا ٔ انخٙ نى ٚخى حغزٚخٓا عهٗ انًعضص انحٕٛ٘. انطٕٛس انخٙ حعاَٙ يٍ َمص انكانغٕٛو ٔ انفغٕس

غٕل، عشض ٔ انٕصٌ انُغبٙ يٍ ععًت انفخز نى حخأثش باَخفاض انكانغٕٛو ٔ انفغفٕس انًخاح أ باظافت انًعضص 

انكانغٕٛو انطٕٛس انخٙ حعاَٙ يٍ َمص ة انكغشفٙ اَخفعج لٕ  حٛث انحٕٛ٘. نكٍ لٕة انكغش نععًت انفخز لذ حأثشث 

خفط يغخٕٚاث  اٌ يٍ انًًكٍفٙ انخخاو، . ةٔ انفغفٕس يع أ بذٌٔ انًعضص انحٕٛ٘ يماسَت يع يجًٕعت انغٛطش

خالل يشحهخٙ انًُٕ ٔ انُٓائٛت دٌٔ انخأثٛش عهٗ أداء انًُٕ ٔ  %20أٔ  %10انكانغٕٛو ٔ انفغفٕس انغزائٛت بُغبت 

 يعاٚٛش انعظاو. 

 ، أداء انًُٕ، صفاث انعظاو.انًعضص انحٕٛی، انفغفٕس انًخاح، انكهًاث انذانت: انکانغٕٛو
 

Introduction  
Corn, wheat, and soybean are considered as the main ingredients which are involved in 

formulation diets in the poultry nutrition, it is an important as a source of energy, protein, 

and fat. Besides, they are important sources of total phosphorus [1]. These ingredients 

contain over 60% of the total phosphorus, salts of phytic acid for instance (myo-inositol 

1,2,3,4,5,6 hexakis dihydrogen phosphate), also known as phytate, which has been reported 

to be poorly digested by monogastric animals [1]. The phytate possess the ability of linking 

with other nutrients and digestive enzymes, resulting in lower nutrient digestibility and 

increased nutrient excretion in manure [2]. Subsequently, the amount of entered phosphorus 

to the environment by manure monogastric animals is very considerable, especially in areas 

with intensive livestock production. The phosphorus in poultry manure can cause 

environmental problems such as surface water eutrophication [3]. Increasing the level of 

calcium (Ca) in the diets, may reduce the digestibility of energy by chelating a portion of the 

available lipid fraction and subsequently, unavailability of some lipids for absorption [4]. 

Excess dietary Ca leads to the diminished availability of other minerals like P, Mg, Mn, Zn 

through the formation of Ca-phytate complexes and reducing the efficacy of phytase [5]. 

Lowering Ca and phosphorus (P) content in poultry diets can increase its utilization 

efficiency of Ca and P by improving digestive and absorption processes.  Plumstead et al. 

[1] pointed out that the apparent digestibility and absorption of calcium, phosphorus, and 

Phytate-phosphorus were increased linearly when the levels of Ca dietary decrease from 

1.16 to 0.47%. The phosphorus digestibility was significantly increased in birds that fed diet 

containing 0.6% Ca and 0.3% non-phytate phosphorus (NPP) compared with birds fed diets 
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containing 1.0% Ca and 0.3% NPP or those the birds fed 1.0% Ca and 0.45% NPP [6]. The 

use of additives is one of important solutions to reduce the influence of P on the 

environment through reducing phytate-phosphorus excretion. Lin et al. [7] pointed out the 

using additives (enzymes, growth promoters, probiotics, prebiotics, vitamin D isomers, and 

organic acids) can improve the bioavailability of dietary nitrogen, P, and trace elements for 

animals. Probiotics are nonpathogenic bacteria which possess useful effects on the health or 

physiology of the host [8]. It is used to improve intestinal structure, developing immunity to 

defend against pathogens, and subsequently, improving growth performance [9, 10], meat 

quality [11], nutrient digestibility [12] and bone mineralization [13].  
 

Materials and Methods 
Birds and Management  

The conditions and standards of rearing used in this experiment were approved by the 

Ferdowsi University of Mashhad Animal Ethic Committee. A total of 1440 one-day-old 

broiler chicks Ross-308 from a mixed flock (unsexed) was obtained from a local hatchery 

and randomly allocated to 120-floor pens (100 × 150 cm) covered with fine wood shavings 

as litter. On the first day, all birds were randomly allocated to four dietary treatments and 

the experimental design used in the starter phase was a completely randomized design 

(CRD). Each treatment included 36 replicates (pens) and 12 chicks per pen, except the 

control, contained 12 replicates and 12 chicks per pen.  At day 11 of the experiment each 

treatment of low-Ca and AP treatments was divided into six treatments; each treatment 

contained six replicates (pens) and 12 chicks per pen, except the control treatment. Also, 

CRD was used in the grower and finisher phase. Each pen was provided with a suspended 

plastic chicken feeders and 4 nipple drinkers; both feeders and drinkers was adjusted 

according to the size of the birds. Birds received continuous artificial light during the first 

period (10 day) and then kept on 23L: 1D lighting schedule. The house temperature was 

initially maintained between 30- 32
◦
C at the outset of the experiments, and then gradually 

reduced by 2
◦
C every week to reach 21-23

◦
C. 

 

Table 1. Design of the experiment 

Starter diet (1-10 d)
1
 Grower diet (11-24 

d)
2
 

finisher diet (25-42 

d)
3
 

treatments 

Control (C) Control (C) Control (C) CCC 

 Low1 Low1 (L1L1L1) 

Low2 Low2 (L1L2L2) 

Low3 Low3 (L1L3L3) 

Low1 + Probiotic Low1 + Probiotic 
(L1L1L1)+ 

Probiotic 

Low2 + Probiotic Low2 + Probiotic 
(L1L2L2) + 

Probiotic 

Low3 + Probiotic Low3 + Probiotic 
(L1L3L3) + 

Probiotic 

 Low1 Low1 (L2L1L1) 

Low2 Low2 (L2L2L2) 

Low3 Low3 (L2L3L3) 

Low1 + Probiotic Low1 + Probiotic 
(L2L1L1) + 

Probiotic 

Low2 + Probiotic Low2 + Probiotic 
(L2L2L2) + 

Probiotic 

Low1  

Low2  
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Low3 + Probiotic Low3 + Probiotic 
(L2L3L3) + 

Probiotic 
 

Low1 Low1 (L3L1L1) 

Low2 Low2 (L3L2L2) 

Low3 Low3 (L3L3L3) 

Low1 + Probiotic Low1 + Probiotic 
(L3L1L1) + 

Probiotic 

Low2 + Probiotic Low2 + Probiotic 
(L3L2L2) + 

Probiotic 

Low3 + Probiotic Low3 + Probiotic 
(L3L3L3) + 

Probiotic 
1Control: 0.96% Ca, 0.48% AP; 1L1: 0.864% Ca, 0.432% AP; 1L2: 0.768% Ca, 0.384% AP; 1L3: 0.672% Ca, 0.336% AP. 

2Control: 0.87% Ca, 0.43% AP; 2L1: 0.783% Ca, 0.387% AP; 2L2: 0.696% Ca, 0.344% AP; 2L3: 0.609% Ca, 0.301% AP. 
3Control: 0.79% Ca, 0.395% AP; 3L1: 0.711% Ca, 0.355% AP; 3L2: 0.632% Ca, 0.316% AP; 3L3: 0.553% Ca, 0.276% AP. 
 

Dietary Treatments 

Table (2) summarized treatment regimens. The nutritional program consisted of a starter 

diet for days 1-10, a grower diet for days 11 to 24, and a finisher diet for days 25- 42 of age 

based on the recommendations of the Ross 308 strain [14]. At day 1 to10, as presented in 

Table 1, the basal experimental diets were formulated to meet the broiler chickens 

nutritional requirements, according to Ross 308 strain with except calcium and available 

phosphorus levels. Dietary treatments included: a corn-soybean meal-based diet with 

recommended levels of Ca (0.96, 0.87 and 0.79%) and levels of AP (0.48, 0.435 and 

0.395% ) during starter, grower and finisher period, respectively as control treatment; L1 a 

corn-soybean meal-based diet with levels of Ca (0.864, 0.783 and 0.711) and levels of AP 

(0.432, 0.3915 and 0.3555) during starter, grower, and finisher period, respectively; L2 a 

corn-soybean meal-based diet with levels of Ca (0.768, 0.696, and 0.632) and levels of AP 

(0.384, 0.348, and 0.316) during starter, grower and finisher periods, respectively; and L3 a 

corn-soybean meal-based diet with levels of Ca (0.672, 0.609 and 0.553) and levels of AP 

(0.336, 0.3045, and 0.2765 %) during starter, grower and finisher periods, respectively, and 

two levels of probiotics were used in grower phase by (0 and 100 mg / kg diet) and in 

finisher phase by (0 and 50 mg / kg diet). Probiotic (Protexin) is a commercial probiotic 

which is manufactured by Probiotics International Ltd. England and was obtained from 

Nikotek Corporation-Tehran (Exclusive Agent in Iran). It is a multi-strain commercial 

preparation in powder form (2 x 10
9
 CFU/g) that consists of Lactobacillus plantarum, 

Lactobacillus bulgaricus, Lactobacillus acidophilus, Lactobacillus rhamnosus, 

Bifidobacterium bifidum, Streptococcus thermophilus, Enterococcus faecium, Aspergillus 

oryzae, and Candida pintolopesii [15, 16]. The manufacturer’s recommended levels of 

Protexin supplementation are 0.01% (0.10 g/kg feed) until four weeks of age and 0.005% 

(0.05 g/kg feed) thereafter. All experimental diets were provided as mash form. All broilers 

had access to feed and water as ad libitum throughout the study (starter diet: 1 to 10, grower 

diet: 11 to 24, and finisher diet: 25 to 42 d of age). 

Low3  
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Table 2. Composition and calculated analysis of experimental diets (as-fed basis). 

Ingredient, g / 100g 
Starter phase diet

1
 Grower phase diet

1
 Finisher phase diet

1
 

Control Low1 Low2 Low3 Control Low1 Low2 Low3 Control Low1 Low2 Low3 

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%) 41.56 41.56 41.56 41.56 37.79 37.79 37.79 37.79 32.29 32.29 32.29 32.29 

Vegetable oil 4.53 4.53 4.53 4.53 5.41 5.41 5.41 5.41 5.97 5.97 5.97 5.97 

Dicalcium phosphate
2
 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
3
 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 

NaHCO3 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 premix
4
 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 premix
5
 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

DL-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 HCl 0.25 0.25 0.25 0.25 0.17 0.17 0.17 0.17 0.18 0.18 0.18 0.18 

L-Threonine 0.11 0.11 0.11 0.11 0.08 0.08 0.08 0.08 0.06 0.06 0.06 0.06 

Choline 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 1.11 0 0.33 0.67 1.01 0 0.31 0.61 0.92 

Calculated composition
6
 

           Metabolizable energy, kcal/kg 3000 3000 3000 3000 3100 3100 3100 3100 3200 3200 3200 3200 

Crude protein, % 23 23 23 23 21.5 21.5 21.5 21.5 19.5 19.5 19.5 19.5 

Crude fiber, % 3.99 3.99 3.99 3.99 3.8 3.8 3.8 3.8 3.53 3.53 3.53 3.53 

Ca, % 0.96 0.864 0.768 0.672 0.87 0.783 0.696 0.609 0.79 0.711 0.632 0.553 

Available P, % 0.48 0.432 0.384 0.336 0.43 0.387 0.344 0.301 0.395 0.355 0.316 0.276 

Na, % 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 

Lysine, % 1.44 1.44 1.44 1.44 1.29 1.29 1.29 1.29 1.16 1.16 1.16 1.16 

Methionine+ Cystine% 1.08 1.08 1.08 1.08 0.99 0.99 0.99 0.99 0.91 0.91 0.91 0.91 

Threonine, % 0.97 0.97 0.97 0.97 0.88 0.88 0.88 0.88 0.78 0.78 0.78 0.78 

Control= basal diet with 0.96, 0.87 and 0.79 % Ca and with 0.48, 0.43 and 0.39 % available Phosphorus during starter, grower and finisher phase, respectively; Low1= basal diet with 0.864, 0.783 

and 0.711% Ca and with 0.432, 0.387 and 0.3555 % available Phosphorus during starter, grower and finisher phase, respectively; Low2= basal diet with 0.768, 0.696 and 0.632 % Ca and with 0.384, 

0.344 and 0.316 % available Phosphorus during starter, grower and finisher phase, respectively; Low3= basal diet with 0.672, 0.609 and 0.553 % Ca and with 

0.336, 0.301 and 0.2765 % available Phosphorus during starter, grower and finisher phase, respectively. 
1
Days 1 to10, days 11 to 24 and days 25 to 42 

2
 22% Ca and 17% P. 

3
 38% Ca. 

4
The vitamin premix supplied the following per kilogram of diet: vitamin A, 9,000 IU; vitamin D3, 2,000 IU; vitamin E, 18 IU; vitamin K3, 2 mg; thiamine, 1.8 mg; riboflavin, 6.6 mg; 

vitamin B6, 3 mg; vitamin B12, 0.02 mg; Biotin, 0.15 mg; Pantothenic acid, 30 mg; niacin, 10 mg; choline chloride, 1,000 mg; vitamin C, 300 mg; and folic acid, 1 mg. 
5
The mineral premix supplied the following per kilogram of diet: Mn, 100 mg; Fe, 50 mg; Zn, 84.7 mg; Cu, 10 mg; I, 1 mg, and Se, 0.15 mg. 

6
Diets were formulated to meet nutritional requirements of broiler chickens according to Ross 308 strain nutritional recommendation (P and Ca content of the diets were adjusted by substituting 

washed sand). 
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Growth Performance 
The body weight gain (BWG) and feed intake (FI) per pen were measured. Initial body 

weights (d 1) were subtracted from the final body weights to get BWG; feed consumption 

was calculated by subtracting residual feed from the offered feed. Data for feed 

consumption and BWG were used to calculate the feed conversion ratio (FCR). The FCR 

was adjusted for mortality and calculated on a per pen basis. The BWG, FI, and FCR were 

measured on days 10, 24, and 42 of ages. for calculating overall growth performance (1-42 

day). 
 

Laboratory Analyses 
On 42 d, one bird (6 birds for each treatment) which had the closest body weight to the 

mean body weight for each treatment, was killed by cervical dislocation and the left tibias 

and right femurs were collected. The tibias and the femurs were cleaned from muscle and 

any adhering tissues using a scalpel and scissors. The length and width of femurs were 

measured using electronic caliper, before the right femurs breaking strengths test. The 

femurs were weighted using digital scale and afterward, bone breaking strength was 

measured on fresh femurs using an Instron testing machine (model H5K5, Tinius Olsen 

Company). The left tibias were defatted by soaking them in ethyl alcohol for 48 hours and 

then soaking them again in ethyl ether for 48 hours[17]. The left tibias were dried to a 

constant weight in a drying oven at 105°C for 12 hours, then they were changed to ash in a 

muffle furnace at 550°C for 12 hours [18]. The bone ash for each tibia was then digested 

with aqua regia and the calcium and phosphorus content of tibia ash were measured by 

inductively coupled plasma-optical emission spectroscopy (ICP-OES) [19].  
 

Statistical Analysis 
Statistical analysis of the data was conducted as a one-way ANOVA using GLM 

procedures [20] in a completely randomized design. Data were submitted to SAS (1996) for 

variance analysis and when significant, averages were compared by Tukey’s test (P < 0.05). 

Orthogonal contrast was also used to determine the mean comparison among treatments. 
 

Results and Discussion 

Overall growth performance (1-42 d) 
Results revealed in table 3. Showed that the birds fed with low-Ca and AP diets had a 

similar average daily weight gain (ADWG) and average daily feed intake (ADFI) to those 

birds fed with standard diets. Moreover, there was a significant difference in feed 

conversion ratio (FCR) among treatments where the feed conversion ratio was significantly 

improved (P<0.05) in birds that fed diets containing low-Ca and AP without probiotic 

(L1L3L3, L3L3L3) or those that fed diet containing low-Ca and AP with probiotic 

(L1L2L2+pro) in comparison with the control group (Table 3). Also, in the orthogonal 

contrast (Control vs treatments without probiotic or Control vs treatments with probiotic) 

the feed conversion ratio (FCR) was significantly improved with low-Ca treatment with 

probiotics (P=0.0150) or without probiotics (P=0.0059) compared with control diet (Table 

3). There were no significant differences for overall growth performance between low-Ca 

and AP treatments with probiotic and low-Ca and AP treatments without probiotic. This is 

in agreement with previous studies where Rousseau et al. [6] reported that the birds which 

fed on 0.6% Ca and 0.30% NPP diet had similar levels of growth performance to those fed 

on 1.0% Ca and 0.45% NPP diet, and pointed also the increased dietary Ca in low-NPP 

diets drastically impaired growth performance, mainly by reducing feed intake. Phosphorus 
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levels can be reduced in the diet during the finisher stage without having any detrimental 

effects on bird performance [21]. The birds fed on 0.6% Ca, had maximum growth 

performance and nutrient retention when compared with birds receiving more than 0.6% Ca 

with level constant of NPP at 0.3% [22]. Rao et al. [23] reported that the birds fed on 

decreased levels of Ca from 1 to 42 d achieved higher growth performance at 28 and 42 d of 

age, especially for the lowest NPP levels (0.30 and 0.35%). Similarly, the birds fed on 

0.60% Ca and 0.30% NPP achieved similar growth performance to control group [24]. 
 

Table3. Effect calcium and phosphorus restriction and probiotics supplementation on growth 

performance and tibia mineralization in broiler chickens 

Dietary treatments
1
 Growth Performance 1-42 d Tibia traits, 42 d 

 
WG, 

g/b/d 
FI, g/b/d FCR, g/g Ash% Ca% P% 

CCC 56.78 88.00 1.54
a
 50.57

a
 36.93

a
 17.86

a
 

L1L1L1 56.60 87.07 1.53
ab

 49.59
abc

 35.09
bcde

 17.08
ab

 

L1L2L2 56.66 86.87 1.53
abc

 49.51
abc

 33.9
cdef

 15.82
defg

 

L1L3L3 57.61 87.79 1.49
c
 47.83

bc
 32.66

fg
 16.406

bcde
 

L2L1L1 58.99 88.42 1.52
abc

 50.06
ab

 35.73
ab

 16.47
bcde

 

L2L2L2 56.88 86.07 1.52
abc

 48.93
abc

 35.32
abcd

 15.42
efgh

 

L2L3L3 55.60 87.55 1.54
a
 47.14

cd
 30.79

h
 14.64

h
 

L3L1L1 56.51 88.75 1.53
ab

 47.43
c
 35.51

abcd
 16.99

abc
 

L3L2L2 56.03 84.92 1.51
abc

 44.78
d
 31.13

gh
 14.82

gh
 

L3L3L3 54.93 82.30 1.50
bc

 46.99
dc

 31.29
gh

 15.2
fgh

 

L1L1L1 + probiotic
2
 56.57 88.53 1.53

ab
 49.27

abc
 35.59

abc
 17.06

ab
 

L1L2L2 + probiotic 58.27 87.99 1.51
bc

 48.85
abc

 34.84
bcde

 16.35
bcde

 

L1L3L3 + probiotic 56.09 85.51 1.52
abc

 47.48
bc

 33.73
def

 15.99
cdef

 

L2L1L1 + probiotic 56.59 87.14 1.53
ab

 50.08
ab

 35.32
abcd

 16.98
abc

 

L2L2L2 + probiotic 55.03 84.29 1.53
abc

 47.87
bc

 35
bcde

 16.25
abcd

 

L2L3L3 + probiotic 58.02 87.05 1.51
abc

 47.86
bc

 32.41
fgh

 15.68
defg

 

L3L1L1 + probiotic 58.07 88.81 1.52
abc

 49.37
abc

 34.96
bcde

 16.6
bcd

 

L3L2L2 + probiotic 57.70 86.10 1.52
abc

 48.78
abc

 33.46
ef
 15.97

cdef
 

L3L3L3 + probiotic 56.61 87.19 1.54
ab

 47.00
cd

 31.13
gh

 14.92
gh

 

SEM 0.236 0.356 0.0024 0.1776 0.1164 0.0742 

P-values
3
 0.392 0.3010 0.0368 0.0001 <.0001 <.0001 

P-values 

CCC vs Low-Ca and AP
4
 0.8687 0.2680 0.0059 0.0024 <.0001 <.0001 

CCC vs Low-Ca and 

AP+Pro
5
 

0.8032 0.3998 0.0150 0.0128 <.0001 <.0001 

Low-Ca and AP vs Low-Ca 

and AP+Pro 
0.5086 0.6746 0.5732 0.1958 0.007 0.0329 

BW= body weight; WG= weight gain; FI= feed intake; FCR= Feed conversion ratio. 
1First letter corresponds to days 1 to 10; Second letter corresponds to days 11 to 24; third letter corresponds to days 25 to 42. 
2 Probiotic was used by 100 mg/kg of diet in the grower phase and 50 mg/kg of diet in the finisher phase. 
3,a,b,c,d Values in the same column with different letters are significantly different (P < 0.05). 
4Low calcium and available phosphorus treatments (Low-Ca and AP). 
5Low calcium and available phosphorus + probiotics treatments (Low-Ca and AP+Pro). 
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Tibia traits 
As shown in Table 3, the diet had an influence tibia ash percentage (P=0.0001), and also 

Ca (P<0.0001) and P (P<0.0001) percentages in tibia ash. The birds fed on the control diet 

had a higher level of studied traits above compared to those fed with the low-Ca and AP 

diets. Also, regarding to the orthogonal contrasts (control vs treatments without probiotic or 

control vs treatments with probiotic), the birds fed diets containing low-Ca AP with or 

without probiotics had a lower tibia ash and calcium and phosphorus percentage of tibia ash 

compared with those fed on control diet (Table 3). Supplementation of probiotic contributed 

to reduction effect of dietary Ca and P deficiency on bone health, where we observed that 

the birds fed diet with probiotic had a higher calcium and phosphorus percentage in the tibia 

ash compared with birds fed diet without probiotic. These results are in agreement with 

Onyango et al. [25] who found that bone-mineral content, bone mineral density, and ash 

percentage were increased linearly as the level of dietary Ca increased from 0.45 to 0.91%. 

The tibia ash and calcium percentage of tibia ash was increased by raising dietary P from 

0.11% to 0.27% for the period of 1-21 days of age. Likewise, the phosphorus percentage of 

tibia ash was increased by increasing P dietary from 0.08% to 0.48% for a period of 22- to 

42 days of age [26]. Mondal et al. [27] indicated that the tibia ash and calcium, phosphorus, 

and zinc percentages in tibia were decreased in the birds fed low-P diets (0.30% NPP) 

compared to the control diet (0.46% NPP). Similarly, the tibia ash was decreased by 

reducing dietary P level from 3.5 g/kg to 2.5 g/kg in the diet, while birds feeding on 10.0 g 

of Ca/ kg led to higher concentrations of tibia ash than for birds fed on 5.0 g of Ca/kg [18]. 

The slight decrease in ash, calcium, and phosphorus of tibia is probably due to the rise in 

PTH and 1,25(OH)2D3 hormone, which promotes the transfer of calcium from the bones to 

the blood. Dittmer and Thompson [28] how pointed out the 1,25(OH)2D3 together with PTH 

promotes mobilization of calcium from bones to maintain a constant blood calcium 

concentration. The 1,25(OH)2D3 hormone stimulates an increase of RANKL (receptor 

activator for NF-kB ligand), which in turn inducing osteoclastogenesis, resorption of bone, 

and mobilization of calcium [29]. 
 

Femur traits 
Diets had no significant effects on length, width and relative weight of femurs measured 

on day 42, but the low Ca and P dietary had an influence on breaking strength of the femurs. 

As shown in Table 4, although the length and width of femurs at 42 days of age were not 

significantly influenced by diets, the results of orthogonal contrasts (control vs treatments 

without probiotic or control vs treatments with probiotics) showed that the length 

(P=0.0047) and width (P=0.0054) of the femurs were significantly increased in control 

treatment compared to low-Ca and AP treatments without probiotics (P=0.0094) or low-Ca 

and AP treatment with probiotics (P=0.0264). The birds fed on L3L3L3 diet and birds fed 

on L3L3L3+ pro diet achieved a lower average of breaking strength compared with all other 

treatments. It was also observed in orthogonal contrast that the breaking strength of femur 

was decreased in the birds fed diet containing low-Ca and AP with or without probiotic 

compared with control diet (P=0.016 and P=0.011, respectively).  

This result is in agreement with the findings of Askari et al. [30] how showed that the 

length and width of femur and tibia were not influenced when Ca and P was reduced from 

0.90% Ca and 0.45% P to 0.60% and 0.30%. The relative tibia weight was not influenced by 

reduced dietary Ca in the starter and finisher periods [31]. The length and width of tibia 

bone were not significantly influenced when Ca and P were reduced from 0.77% Ca and 

0.32 % NPP to 0.37% Ca and 0.18% NPP, regardless of existence or absence of phytase 



Journal University of Kerbala , Vol. 18 .Scientific 2020 
 

9 

[32]. Deficiency of dietary Ca resulted in decline breaking strength, length, weight, ash 

weight and also calcium content in tibia ash [33]. Low dietary Ca decreased all mechanical 

strength parameters including stiffness (P=0.0002), modulus (P < 0.0001) and mixed force 

(P= 0.002) compared to control and high-Ca diets [34]. Breaking strength was dropped 

when dietary P level decreased from 0.45 to 0.30% in broilers fed with the 0.6% Ca diet, 

while the reduction was greater in those fed on 1.0% Ca diet [6]. Calcium to phosphorus 

ratio also has a significant effect on the health of the bones. Rao et al. [23] pointed out that 

the tibia breaking strength was decreased and leg abnormality score was increased in the 

birds fed on low levels of dietary P (3 and 3.5 g/kg NPP) with increasing Ca level in the diet 

at 14, 28 and 42 days of age. Chicks fed with the highest unbalanced diets (4.5 g NPP/kg 

and 5g Ca/kg) or (2.5 g NPP /kg and 9g Ca/kg), had the lowest tibia weight and tibia ash 

content [35]. 
 

Table 4. Effect calcium and phosphorus restriction and probiotics supplementation on broiler 

chickens femur criteria at 42 day 

Dietary treatments
1
 

Length 

(mm) 

Width 

(mm) 

Relative 

Weight % 

Breaking 

Strength (N) 

CCC 75.96 10.31 0.383 364.6
a
 

L1L1L1 71.92 9.455 0.365 320.0
abc

 

L1L2L2 74.33 9.242 0.366 290.5
abcd

 

L1L3L3 73.97 9.627 0.368 281.9
bcd

 

L2L1L1 74.23 9.751 0.381 312.9
abc

 

L2L2L2 73.33 9.61 0.369 335.1
abc

 

L2L3L3 73.43 9.595 0.353 300.3
abc

 

L3L1L1 73.75 9.787 0.363 349.5
ab

 

L3L2L2 72.39 9.667 0.344 286.5
abcd

 

L3L3L3 73.69 9.745 0.356 218.1
d
 

L1L1L1 + probiotic
2
 74.68 9.667 0.354 338

abc
 

L1L2L2 + probiotic 73.73 9.905 0.375 306.2
abc

 

L1L3L3 + probiotic 73.29 9.54 0.352 287.7
abcd

 

L2L1L1 + probiotic 74.6 10.225 0.377 332.1
abc

 

L2L2L2 + probiotic 73.78 10.03 0.382 321.1
abc

 

L2L3L3 + probiotic 73.51 9.71 0.358 308.2
abc

 

L3L1L1 + probiotic 73.9 9.912 0.358 289
abcd

 

L3L2L2 + probiotic 71.08 9.292 0.361 283
bcd

 

L3L3L3 + probiotic 74.32 9.535 0.35 265.7
cd

 

SEM 0.1911 0.0491 0.0029 5.442 

P-values
3
 0.099 0.077 0.6921 0.021 

 
 P-values   

CCC vs Low-Ca and AP
4
 0.0047 0.0054 0.1796 0.011 

CCC vs Low-Ca and AP+Pro
5
 0.0094 0.0264 0.1805 0.016 

Low-Ca and AP vs Low-Ca 

and AP+Pro 0.6008 0.1417 0.9944 0.7197 
1First letter corresponds to days 1 to 10; Second letter corresponds to days 11 to 24; third letter corresponds to days 

25 to 42. 
2 Probiotic was used by 100 mg/kg of diet in the grower phase and 50 mg/kg of diet in the finisher phase. 
3,a,b,c,d Values in the same column with different letters are significantly different (P < 0.05). 
4Low calcium and available phosphorus treatments (Low-Ca and AP). 
5Low calcium and available phosphorus + probiotics treatments (Low-Ca and AP+Pro). 
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Conclusion 
This study suggested that it is possible to decrease dietary calcium and available 

phosphorus levels by 10% or 20% of the Ross 308 recommendations during the grower and 

finisher phases without affecting growth performance because modern chickens are able to 

adapt to changes in dietary P and Ca through improvement of digestive efficiency. 
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