


Effect of dietary microbial phytase supplementation on the performance, bone status and nutrient retention of broilers fed with inorganic phosphate-free diet



ABSTRACT 
A study was conducted to evaluate the efficacy of microbial phytase supplementation in broiler chickens fed an inorganic phosphate-free diet and its impact on growth, bone mineralization, nutrient retention, and economic efficiency. Six-week feeding trial was conducted with 300 straight-run, day-old commercial broiler chicks of the Cobb-430Y strain. The chicks were randomly divided into five treatment groups: A, B, C, D, and E, with three replicates of each. Group A was the Positive Control, fed as per nutrient requirements of strain in broiler prestarter (BPS), broiler starter (BS), and broiler finisher (BF). Group B was the Negative Control (NC), with reduced levels of calcium (0.60%, 0.58%, and 0.58%) and Total Phosphorus (TP) (0.42%, 0.43%, and 0.37%) in the BPS, BS, and BF phases, respectively. Groups C, D, and E were offered the NC diet with supplementation of microbial phytase (Natuphos® E 10000 FTU/g) at 1000, 1000, and 1000 FTU for group C, 2000, 2000, and 1500 FTU for group D, and 3000, 3000, and 2000 FTU/kg for group E, respectively, in BPS, BS and BF diets. The overall study revealed that microbial phytase supplementation at 2000, in BPS, BS, and 1500 FTU/kg BF diet with low Ca and TP significantly (P≤0.05) improved body weight, body weight gain, feed consumption, and reduced feed conversion ratio, equivalent to the PC. Tibia mineralization (ash, Ca, and P), however, tibia breaking strength was unaffected. Moreover, the retention of nutrients such as Ca and P significantly (P≤0.05) improved with microbial phytase supplementation compared to NC. It can be concluded that the addition of microbial phytase (2000, 2000, 1500 FTU/kg) to a low-Ca and inorganic phosphate-free diet significantly enhanced growth performance, tibia mineralization, nutrient retention and found to be cost-effective.
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1. INTRODUCTION 
            The macro and micro minerals are necessary in poultry diets. Macro-minerals like Phosphorus (P) and Calcium (Ca) are the most abundant elements in a bird’s body. Phosphorus is essential for several physiological processes, and it is necessary for optimal bone development, growth, egg production, nutrient metabolism, and protein synthesis. P and Ca work together to support the development and regular maintenance of bones in the body. 
Plant P occurs primarily in the seeds, which includes roughly 60-70% of the total P in chelated form as phytate. Phytate is an anti-nutritional factor as it decreases the bioavailability of P and decreases the digestibility of phytate-chelated nutrients like P, protein, and Ca.  Phytic acid is the main phosphorus reserve found in plant materials like seeds and grains (Selle et al., 2000). Birds lack or secrete insufficient endogenous phytase in the gastrointestinal tract (GIT) to hydrolyze the phytate present in the feed.  Higher dietary P levels increase poultry production costs and lead to greater P excretion in manure. The Ca  is the major mineral present in the diet of birds, it can easily precipitate the phytate by forming an insoluble Ca-phytate complex in the intestine (Nelson and Kirby, 1987). Ca phytate complex is formed when dietary Ca levels are higher than 0.70% at pH 6.0 (Leeson et al., 1996) due to this, phytate P as well as Ca are not available to birds for absorption. A high level of Ca in the diet reduces the intestinal phytase activities in chicken. A diet containing low levels of Ca permits a greater utilization of phytate P and reduces the requirement of inorganic P for chickens (Mohammed et al., 1991). 
Adding inorganic or non-phytate P to the feed impacts the production costs (Shastak et al., 2012). Monocalcium Phosphate (MCP) or Dicalcium Phosphate (DCP) is added to poultry diets for P supplementation. However, the persistent rise in the cost of feed ingredients is a substantial challenge in many developing countries. Using phytase enzymes in diets reduces reliance on expensive commercial inorganic phosphates like a DCP or MCP (Delezie et al., 2015). Phytase (myo-inositol hexa-phosphate phosphohydrolase) is an enzyme that breaks down the phytate in the digestive tract to inositol phosphates and inorganic P. In market there are different types of phytases are available like fungal phytase and microbial phytase. Fungal phytase is derived from Aspergillus niger, Aspergillus ficum and microbial phytase from bacteria E. coli . The efficiency of various commercial phytases differs over a pH range of 2.5–4.5 (in vivo). E. coli phytases are more active at pH 2.5–4.5 range than fungal phytases. Phytase activity was significantly higher with E. coli phytase than fungal phytase in total digestive tract sections of broilers (Onyango et al., 2005). Broiler diets are supplemented with microbial phytase to alleviate the detrimental impact of phytate. In plant-based diets, this addition helps to release bound phosphorus, amino acids, and carbohydrates by facilitating the breakdown of phytate. The bioavailability of phosphorus is increased to over 60% when microbial phytase is added to low-P diets for broilers. The growth rate and feed conversion ratio are improved with the low-P diets containing microbial phytase (Simons et al., 1990). It has been reported that phytase can improve the growth performance and nutrient utilization of broilers (Nagata et al., 2011). In view of the above, the current experiment is aimed to study the use  microbial Phytase  in inorganic phosphate-free broiler diet. 
2. MATERIALS AND METHODS 
2.1 Experimental design 
An experiment was undertaken at the Department of Poultry Science, KNP College of Veterinary Science, Shirwal, Dist. Satara, Maharashtra. Total 300, day-old straight-run commercial broiler chicks of Cobb-430Y strain were randomly divided into five groups viz., A, B, C, D and E containing 60 chicks per group with three replicates of 20 chicks in each. The experiment was conducted for a period of six weeks in the broiler pre-starter (BPS), broiler starter (BS), and broiler finisher (BF) phases under the standard management conditions. Group A was the Positive Control, with normal levels of Calcium (0.89, 0.92, and 0.88%) and Total Phosphorus (TP) (0.67, 0.68, and 0.61%) in the BPS, BS, and BF phases, respectively. Group B was the Negative Control (NC), with reduced levels of Calcium (0.6, 0.58, and 0.58%) and Total Phosphorus (TP) (0.42, 0.43, and 0.37%) in the BPS, BS, and BF phases, respectively. Groups C, D, and E were offered the NC diet with supplementation of microbial phytase (Natuphos® E 10000 FTU/g) at 1000, 1000, and 1000 FTU for group C, 2000, 2000, and 1500 FTU for group D and 3000, 3000, and 2000 FTU/kg for group E, respectively, in BPS, BS and BF diets. The iso-caloric and iso-nitrogenous BPS, BS, and BF diets were fed from 0-14, 15-28, and 29-42 days, respectively. The metabolic energy (ME) content of BPS, BS, and BF diets was 3000, 3125, 3250 kcal/kg feed, respectively and crude protein content was 22.5, 21, 19.50%, respectively. Following parameters like growth, bone status, and Calcium and Phosphorus retention were studied during the experiment. 
2.2 Growth parameters 
 	The broiler birds were weighed individually from each replicate at day-old, and weekly intervals to arrive at average weekly body weight (BW) and body weight gain (BWG) per bird for various treatments. The weighed quantity of feed was offered daily replicates-wise to broiler birds, and left-over feed was recorded daily to arrive at the average weekly feed intake per bird. The replicate-wise weekly feed conversion ratio (FCR) was calculated based on BWG and feed intake (FI). The overall weight gain, feed intake and FCR was calculated to depict the results. 
2.3 Bone parameters 
At 42nd days of age, during slaughter, two birds per replicate was selected, and the intact tibia bones were carefully removed and cleaned to remove the flesh attached to the bones. The left tibias were used to measure bone strength, ash content, calcium, and phosphorus levels. Bone strength was measured using a three-point bending test. Before the test, the length and outer diameter of each bone will be measured with a digital caliper. After morphometric measurements, the bone samples were placed in freezer at -20ºC. Then the tibias were thawed at 4ºC prior to breaking (Santos et al., 2022). To measure tibia breaking strength 3-point Instron material tester was used. Each bone sample was placed in the same orientation and held by cradle support with a span of 64 mm. During testing, force was applied at the midpoint of the bone, gradually increasing until the bone fractures. A universal testing machine, equipped with a 10 kN load cell and operating at a speed of 2.0 mm/min, was used to record the maximum load the bone can bear. The device automatically calculated the breaking stress. 
For the bone ash and calcium and phosphorus estimation, they were defatted by soaking in petroleum ether for 48 hours, following the method of (Rama Rao et al., 2019). After defatting, the bones were dried in a hot air oven at 100°C for 3 hours. Ashing, was done by placing bones in a muffle furnace at 600°C ± 20°C for 2 hours (Rama Rao et al., 2019). The residue left in the silica crucible after ashing will represent the total ash content. An aliquot of the acid-soluble ash will then be prepared to estimate calcium and phosphorus levels using proximate analysis.
2.4  Calcium and phosphorus retention   
During the 6th week, a metabolic trial was conducted using one bird per replicate. The trial began with a 2-day adaptation period, followed by a 3-day collection period. During this time, the birds were moved from a deep litter system to individual metabolic cages, where they were fed and given water individually. Throughout the collection period, data was recorded on the amount of feed given, leftovers, and excreta produced to assess nutrient utilization. Excreta samples were collected for 3 days from plastic sheets placed in trays beneath the cages. A portion of the excreta (one-fifth) was preserved in concentrated sulfuric acid (H₂SO₄) analysis, while the remaining excreta was oven-dried to measure its dry matter content. The excreta collected over three days for each bird was pooled, ground, and stored for further analysis. Samples of the feed provided, the leftovers, and the excreta were analyzed for their nutrient composition. The phosphorus and calcium content in the acid-preserved excreta was measured using the colorimetric method as outlined by AOAC (1999).
2.5 Economics
The cost of feed per kilogram of live weight was calculated based on the body weight achieved by the birds under different dietary treatments. The net profit per kilogram of live broiler was determined for each group by considering their live body weight and recurring expenses.
2.6 Statistical Analysis 

The data analyzed in a completely randomized design by using one-way ANOVA with the help of IBM SPSS Software-20. The Duncan Multiple Range Test (DMRT) post-hoc analysis was done to test the significant mean differences between the groups with significance levels defined at P <.05 (Snedecor and Cochran, 1994).  

3. RESULTS AND DISCUSSION 
3.1 Growth performance 
The final body weight (BW) of broilers (Table 1) fed a negative control (NC) diet was significantly (P <.05 ) lower compared to those fed a positive control (PC) diet and phytase-supplemented groups C, D, and E throughout the six-week trial. The broilers fed phytase exhibited BW comparable to the PC group. The overall results demonstrated a significant correlation between BW and phytase supplementation. Supplementation with microbial phytase in NC diet effectively enhanced BW similar to PC group. The BW of group E was numerically higher than groups A, C and D. The phytase supplementation above 1000 FTU/kg, in a low-dietary Ca and P proved beneficial for improving the BW of broilers. The present study is in agreement with Scholey et al. (2018). They reported that a higher dose of phytase (≥1000 FTU) satisfy the broiler's P requirement. However, Sousa et al. (2015), suggested that broilers fed with low Ca and P diet with supplemented with (500 FTU/kg) give the optimum performance. In contrast, Powell et al. (2008) reported slightly reduction in final BW with phytase supplementation. The present study also revealed that an inorganic phosphorous-free broiler diet with phytase supplementation is possible. Similarly, Marchal et al. (2021) concluded that the inorganic phosphorus-free diet with the inclusion of phytase in diet boost the growth of broilers. Phytase supplementation with low phosphorus in diet optimizes broilers performance (Dersjant-Li et al., 2022). Overall results indicate that bacterial phytase supplementation @ 1000 FTU/kg in Pre-starter, starter and finisher diets can reduce the requirement of Ca, total P and diets can formulated without inorganic P sources.
The overall BWG of broilers (Table 1) from PC, phytase-supplemented groups was significantly (P <.05) higher than NC (low Ca and P) group during the study period. BWG of broiler from the phytase-supplemented groups were similar to the PC group. Sousa et al. (2015) concluded that the reduction of Ca and P in diet with phytase supplementation (500 FTU/kg) enhanced BWG. The study indicates that supplementation of phytase at 1000, 1500, and 2000 FTU/kg levels in diet with low Ca and P, improved BWG of broilers, which was similar to the PC. This study was supported by Lee et al. (2017), who suggested that phytase super-dosing (1500 FTU/kg) improved the BWG and phase-specific phytase dosing improved BWG (Marchal et al., 2021). Phytase supplementation improved weight gain (Anwar et al., 2023). This study indicated that the Ca and P in a broiler diet may be reduced by supplementation of phytase and it improves the BWG. 

Table 1. Body weight, weight gain, feed consumption, and FCR of broilers supplemented with Microbial Phytase in inorganic phosphate-free diet.
	Treatments
	Final body weight
(6th week)
	Cumulative weight gain (0-6 week)
	Cumulative feed consumption (0-6 week)
	Cumulative FCR (0-6 week)

	A
	2193.25b
±38.20
	2143.03b
±38.32
	3619.75b
±61.97
	1.69ᵃ 
± 0.00

	B
	1698.71a
±51.34
	1648.19a
±51.14
	2962.82a
±131.09
	1.79ᵇ 
± 0.03

	C
	2182.35b
±9.85
	2131.95b
±10.00
	3601.08b
±13.56
	1.69ᵃ 
± 0.00

	D
	2166.74b
±30.90
	2116.27b
±30.85
	3523.65b
±32.03
	1.67ᵃ 
± 0.01

	E
	2215.80b
±19.24
	2165.79b
±18.91
	3655.91b
±120.62
	1.69ᵃ 
± 0.04

	SEm
	54.12
	54.14
	76.33
	0.01

	P value
	0.000
	0.000
	0.001
	0.024


Means bearing different superscripts within the column differs significantly (P <.05 ) 

Adding microbial phytase to a low-Ca and inorganic phosphate-free diet significantly improved the FI of broilers (Table 1) and higher than the NC group. Adding phytase in the NC diet, enhanced FI, however, the FI was not influenced by the phytase dosage. Sousa et al. (2015) and Walters et al. (2019) reported higher FI in groups supplemented with phytase. Phytase supplementation at a higher dose known as super dosing increases the FI of birds. Phytase super-dosing increases the breakdown of the phytate P to free P leading to increased P availability which enhance the performance (Lee et al., 2017). Broiler-supplemented phytase at 1000 and 1500 FTU/kg showed higher FI which was similar to the PC (Lee et al., 2024). In contrast, Powell et al. (2008) concluded that phytase supplementation during the grower and finisher stage reduces the daily feed consumption of broilers. 
Microbial phytase supplementation significantly improved FCR (Table1). NC showed significantly poor FCR than PC and Phytase supplemented group. Reduction of Ca to and P increased the FCR in NC but the inclusion of phytase improved the overall FCR of broilers irrespective to dose of phytase. It was noticed that, low Ca and P diet supplemented with microbial phytase improves the FCR, which was comparable to PC group A. Phytase supplementation with reduction of P in diet optimize the FCR of broilers (Lee et al., 2024). Attia et al. (2025) reported that FCR was unchanged by supplementation of phytase. Addition of phytase in low Ca and P diet elevates the broilers FCR by 7.14% (Sousa et al., 2015).  Incorporation of phytase in high phytate P (4g/kg) with Ca (8g/kg) diet improved the feed conversion ratio of the broiler chicken. Moreover, they also reported that high calcium in the diet reduces phytase activity and harms bird’s performance. Phytase liberates P to regenerate myo-inositol leading to improved FCR (Lee et al., 2017)
3.2 Bone parameters 
Tibia breaking strength did not differ significantly between the groups (Table 2). Powell et al. (2008) stated that bone breaking strength of tibia was decreased when low Ca (0.88%) and P (0.53%) diets supplemented with 600 FTU/kg phytase. Phytase supplementation @ 500 FTU/kg in the NC diet with 0.86% Ca and 0.59% TP recorded higher tibia-breaking strength at 21 days (Fernandes et al., 2019). Marchal et al. (2021) suggested that tibia-breaking strength was significantly higher compared to PC by 14.1% in an inorganic phosphate-free diet supplemented with phytase 3000, 2000, and 1000 FTU/kg in the starter, grower and finisher phases.  In our study, the tibia-breaking strength of Group C and D was 12% higher than PC Group A  
 Percent tibia ash content (Table 2) was higher in PC group A (50.45%) followed by group D (50.33%), group E (49.70%), group C (48.50%) and the lowest values were recorded in NC group B (40.88%). Tibia ash percentage of broilers showed a significant difference between the groups. NC group (B) recorded significantly (P <.05) lower tibia ash percentage compared to PC group A and NC diet supplemented with phytase- groups C, D, and E. Tibia ash percentage of PC, group D and E was significantly (P <.05 ) higher value than group B and C. NC + phytase supplementation @ 1000FTU/kg in pre-starter, starter and finisher diets (Group C), recorded significantly lower ash content than group A, D and E but higher than NC group. Dilger et al. (2004) stated that microbial phytase supplementation (750FTU/kg) in NC (without DCP) increased the tibia ash percentage to 42-47% and also found that when Ca levels were high in low P diet the tibia ash level was reduced and there may chances of P rickets.  Manangi et al. (2009) stated that a higher dose of phytase supplementation (1000 FTU/kg) in high PP (0.32%) diet enhanced bone mineralization and was sometimes higher than the control. 
[bookmark: _Hlk193278324]Table 2 Bone parameter of broilers supplemented with Microbial Phytase in an inorganic phosphate-free diet
	[bookmark: _Hlk193278354]Treatment
	Tibia breaking strength (N)
	Tibia ash %
	Tibia Ca%
	Tibia P %

	A
	162.50±6.50

	50.45c±0.09

	37.57b±0.17

	17.77c±0.04


	B
	120.00±7.00

	40.88a±0.46

	35.91a±0.08

	16.63a±0.03


	C
	182.00±17.00

	48.50b±0.39

	37.36b±0.07

	17.59b±0.04


	D
	162.00±14.00

	50.33c±0.43

	37.55b±0.10

	17.65b±0.02


	E
	184.50±15.50

	49.70c±0.18

	37.54b±0.05

	17.76c±0.03


	SEm
	8.80

	0.97

	0.18

	0.12


	P value
	0.07
	0.000

	0.000

	0.000



Means bearing different superscripts within the column differ significantly (P <.05 ).
Significantly (P <.05 ) lower values for tibial Ca % were recorded in the NC group A than in other groups (Table 2). The PC group A and phytase-supplemented groups C, D and E were statistically similar. The Ca levels in the PC group A diets were 0.89, 0.92 and 0.88 % respectively in the pre-starter, starter and finisher diets. But in phytase-supplemented groups (C, D and E) Ca levels were 0.60, 0.58 and 0.58% in the pre-starter, starter and finisher diets still the bone mineralization is not affected as statistically similar values of bone Ca percent were recorded in PC group A and phytase supplemented groups (C, D and E) is indicative of better break down of phytate phosphorous and further prevention of phytate forming insoluble complex with calcium their by reducing the absorption of calcium.
Significantly (P <.05 ) higher tibia P values (Table 2) were recorded in groups A,C, D, and E than NC group B. The PC groups A and E were significantly (P <.05) higher than groups C and D. Groups C and D were statistically similar. The total P levels in PC group A diets were 0.67, 0.68 and 0.61% while in B, C, D and E group diets, levels were 0.42, 0.43, and 0.37% respectively in pre-starter, starter, and finisher diets. With increasing doses of phytase supplementation in groups C, D, and E, liner improvement in the tibia phosphorous values was seen in these groups. Increasing phytase levels enhances phosphorus availability, supporting better bone development in broilers. Lee et al., (2017) reported that phytase supplementation (1500 FTU/kg) in low P (4.9g/kg) diet increased bone P concentration by 6%. Walters et al. (2019) found that phytase super-dosing at 1000, 2000, 3000 FTU/kg improved the tibia Ca and P percentages similar to PC or higher than PC. Walters et al. (2019) concluded that a phytase (1000, 2000 and 3000 FTU/kg) had better bone quality even when MCP was removed from the diet. 
Present findings are in accordance with Scholey et al. (2018), who reported non-significant differences for tibia Ca and P in a diet (0.39% total P) supplemented @ 500, 750, and 1000 FTU phytase compared to control (0.76 and 0.52 % TP). Similarly, Lee et al. (2017) reported non-significant differences in tibia Ca and P content when low (0.62 and 0.49% P in starter and finisher diet) medium, (0.8 and 0.67% P in starter and finisher diet) and high (0.94 and 0.81% P in starter and finisher diet) levels of Phosphorus were supplemented with 1500 FTU/ kg phytase. Walter et al. (2019) found that phytase super-dosing at 1000, 2000, 3000 FTU/kg improved the tibia Ca and P percentages similar to PC or higher than PC. 
In the present study, the phytase supplementation (3000, 3000 and 2000 FTU/kg in pre-starter, starter, and finisher diet, respectively) in low Ca and P diets showed the best results for bone strength, total ash, Ca, and P percent of tibia.

3.3.  Calcium and phosphorus retention  
Group E fed with low Ca and P supplemented with microbial phytase showed significantly (P <.05 ) higher Ca retention than the control. Ca retention of group A and D significantly (P <.05 ) higher than groups B and C (Table 3). Group B fed with low Ca and inorganic P free diet showed (P <.05 ) lower Ca retention as compared to other groups. NC group B fed showed significantly (P <.05 ) lower P retention compared to groups A, C, D and E. Phytase-supplemented group D and E showed significantly higher (P <.05) P retention than control. Control (A) and phytase supplemented group (1000 FTU/kg) C showed similar P retention. 

[bookmark: _Hlk193278588]Table 3. Calcium and Phosphorus retention of broilers supplemented with Microbial Phytase in inorganic phosphate-free diet

	[bookmark: _Hlk193278649]Treatment
	Calcium Retention%
	Phosphorus Retention %

	A
	41.73bc±0.13
	39.13b±0.13

	B
	36.07a±0.15
	35.71a±0.09

	C
	41.29b±0.16
	39.18b±0.15

	D
	42.11cd±0.11
	39.77c±0.27

	E
	42.47d±0.15
	40.01c±0.10

	SEm
	0.63
	0.42

	P value
	0.000
	0.000


Means bearing different superscripts within the column differs significantly (P <.05 ).
It was observed that Ca and P retention was reduced in NC. Ca and P retention was improved in low Ca and P diet with phytase supplementation (1000 FTU/kg) which was similar to control, result supported by (Dilger et al., 2004) and (Manangi et al., 2009). Microbial phytase supplementation in NC at 2000, 3000 FTU/kg improved Ca and P retention similar to control or higher than control. Sampath et al. (2023) found that at least 500 FTU/kg of phytase in the diet was required to enhance the nutrient absorption ability of broilers. Ptak et al. (2013) stated that reduced Ca and P in diet affect Ca retention but supplementation of Aspergillus-derived phytase enhances Ca and P retention. Scholey et al. (2018) reported similar Ca and P digestibility between PC and phytase-supplemented diets. The addition of phytase (500 FTU/kg) in a low non-phytate phosphorus (0.25%, 0.18% in starter and grower phase) diet enhances phosphorus retention (Chowdhury et al., 2024). 
 The overall study indicated that the addition of microbial phytase in low Ca and inorganic P-free diet improved the Ca and P retention similar to the PC group A. Broilers fed with (NC) diet low Ca and P showed a significantly lower Ca and P retention. It was concluded that reduction of Ca and removal of MCP in the diet is possible by the addition of microbial phytase at 3000, 3000, and 2000 FTU/kg in pre-starter, starter and finisher feed. 

3.4. Economics 
The economics of broiler production (Table 4) was calculated at the end of the experiment. The net cost of production per bird in groups A, B, C, D, and E were Rs. 197.65, 156.94, 190.19, 187.44 and 192.81, respectively. Cost of production was lower in group B because of lower feed consumption. The net profit per bird was highest in group D (Rs. 17.76) followed by groups E (Rs. 17.14), C (Rs. 16.91), A (Rs. 5.65) and lowest in B (Rs. 2.13). The net profit per kg of body weight were Rs. 2.64, 2.13, 7.75, 8.22,and 7.75 for groups A, B, C, D, and E. Group D supplemented with 2000, 2000, and 1500 FTU phytase/kg feed was superior in terms of returns. Alshamiri et al. (2021) stated that addition of phytase (1500 FTU/kg) with removal of DCP from diet increased the return per kg meat. Krabee et al. (2024) reported that supplementation of phytase 500, 1000 and 1500 FTU/kg reduced cost per kg of live weight. Hence from this study suggested that the reduction of Ca and removal of MCP from diet and addition of microbial phytase enhanced the net profit per bird in phytase supplemented groups than PC. So the supplementation of phytase 2000, 2000, and 1500 FTU/kg in BPS, BS, and BF in NC diet was economically beneficial.
[bookmark: _Hlk193278477]Table 4. Economics of broilers fed with microbial phytase supplementation in inorganic phosphate-free diet

	[bookmark: _Hlk193278515]Parameters
	A

	B

	C

	D

	E

	[bookmark: _Hlk193120276]Total Feed cost/bird (Rs)
	150.65
	109.94
	143.19
	140.44
	145.81

	Miscellaneous cost/ bird (Rs)
	5.00
	5.00
	5.00
	5.00
	5.00

	[bookmark: _Hlk193120379]Net cost of production/bird (Rs)
	197.65
	156.94
	190.19
	187.44
	192.81

	Avg 6th wk body weight (kg)
	2.14
	1.69
	2.18
	2.16
	2.21

	[bookmark: _Hlk193120878]Return on sale bird @ 95/kg
	203.3
	160.55
	207.1
	205.2
	209.95

	[bookmark: _Hlk193121071]Net profit/bird (Rs)
	5.65
	3.61
	16.91
	17.76
	17.14

	[bookmark: _Hlk193121965]Net profit/kg live weight (Rs)
	2.64
	2.13
	7.75
	8.22
	7.75



4. [bookmark: _Hlk192883287]CONCLUSIONS 
The low-Ca and inorganic P-free diet with reduced Ca levels up to  0.60, 0.58, 0.58% and total P up to 0.42, 0.43, 0.37% in BPS, BS and BF, respectively, in diets negatively affect live weight, feed consumption, FCR, bone mineralization, retention of Ca and P, and economic returns of broilers. However, phytase supplementation  @ 2000, 2000, and 1500 FTU/kg in low-Ca and inorganic P-free BPS, BS, and BF diets, respectively, gives the best performance in terms of live weight, FCR, and tibia total ash, Ca and P. In conclusion, cost-effective broiler diets can be formulated without adding inorganic P sources with phytase supplementation.
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