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Unlike laying hens, the eggs from broiler breeders must fulfill the requirements of 

the embryo and subsequent chick for optimal growth. The P requirements of the breeder 

hen cannot be completely accounted for by that deposited into the egg. Phosphorus loss 

due to bone mobilization also accounts for a portion of the overall hen P requirement. 

However, this endogenous P loss is difficult to quantify. The P needs of broiler breeder 

hens for production and progeny performance have not been well investigated; as such, it 

is common for industry to feed up to 600 mg NPP/ day. Previous studies have shown 

evidence that increasing P intake above 0.4% available P confers no additional benefit to 

production but very little research has been conducted with lower NPP breeder diets. 

Chandramoni et al. (1998) showed that egg production, shell weight, SWUSA, and egg 

content did not improve with total P above 0.43% in caged layers; while Keshavrz (2000) 

found no differences in egg production in layer hens fed low levels of P. Triyuwanta et al. 

(1992) showed that increasing available P to amounts as high as 1% in the diet did not 

improve egg production, egg weight, or shell quality. Only marginal improvements (NS) 

were seen in fertility, hatchability, and hatching weight. In the same study, Triyuwanta et 

al. (1992) showed that increasing dietary levels of available phosphorus did not improve 

two-week progeny weight or seven-week-progeny weight. The study by Triyuwanta et 



al.(1992) shows the current practice of feeding 600 mg NPP/day to breeders may not be 

necessary but additional research is needed to show how much NPP is needed to maintain 

optimum performance for the breeder and her progeny. Plumstead and Brake (2007) 

conducted three floor pen feeding studies with breeders housed on slats to determine the 

available P requirement  while feeding corn/ soybean/ phytase diets. The researchers fed 

corn soy diets and added 0.10% available P from phytase to the breeders and suggested 

316 mg available P was needed for egg production.  The researchers suggested additional 

available P (0.32% available P) was needed for maximum fertility if pullets were reared 

from 10wk of age on only a corn /soybean and phytase diet.  

A large amount of research has been previously conducted with commercial 

layers showing optimum levels of calcium and calcium particle solubility needed for 

optimum performance and eggshell quality. Common (1932, 1933, and 1936) working 

with laying hens reported a rise in excreta P corresponding to the period of shell 

formation, and attributed the excess phosphorus to phosphate set free when the calcium 

was removed from the bone for shell formation. Research has already shown that feeding 

commercial layers large particle size calcium improves both the eggshell quality and the 

bone ash during lay. Commercial layers are fed free choice whereas broiler breeders are 

control fed a restricted amount of feed throughout the rearing and production period and 

are generally fed one time early in the morning. Breeders are generally not fed large 

limestone particles for several reasons. It is thought that breeder hens do not produce as 

many eggs as commercial layers and thus the large particle limestone would not be as 

critical during a production period. Breeder feed may be fed as pellets by some 

integrators, which would require smaller calcium particles. Broiler integrators may also 



use one feed mill for producing both broiler and broiler breeder feed, which may limit 

using extra bin space for the different calcium feedstuffs. The feeding of large Ca 

particles may result in slow release of Ca since larger limestone particles remain longer in 

the gizzard, leading to availability of Ca for intestinal absorption during the period of 

shell formation. Due to the continuous availability of Ca for gut absorption by feeding 

larger particle size limestone (calcium source), there may be a reduction in the bone 

mobilization of Ca along with its counter ion P, especially during shell calcification, 

thereby reducing P excretion. Coon and Leske (1999) reported that commercial layers fed 

increasing levels of NPP along with large particle size limestone compared to small 

particle limestone excrete less total phosphorus per g P consumed. When marine shells 

were fed to broiler breeder hens and compared to ground limestone it was found that 

marine shells improved egg weight, 1-day progeny weight, yield stress and elastic 

deformation of tibiae from 1-day old progeny (Guinotte and Nys, 1990). Feeding larger 

particle size limestone has been shown to increase the retention of limestone particles for 

a longer time period in the gizzard (Zhang and Coon, 1997) and increased the overall 

calcium retention for layers by improving calcium deposition in eggs. 

 

The effects of reduced NPP levels and limestone particle size on broiler breeder 

production, skeletal integrity, progeny quality, and P balance. 

   

Three experiments were conducted to investigate the impact of lowered NPP 

intake and changes in limestone particle size on production performance, progeny 

performance, and phosphorus retention for broiler breeders (Ekmay and Coon, 2008). In 

the first experiment, 700 Cobb 500 breeders were reared according to Cobb guidelines 



(Cobb-Vantress, 2005) and transferred to a production house at 147 days. At 168 days, 

285 birds were switched over to one of five experimental diets (5 groups of 57 breeder 

hens) that differed only in the level of NPP. Phosphorus levels ranged from 0.2% to 0.4% 

NPP in 0.05% increments; and corresponded to a daily intake of 288, 360, 432, 504 and 

576 mg NPP with 144g feed at peak. The breeders were fed 3.25% Ca primarily from 

large particle limestone(X50 = 3489.73µm).  Production performance, egg quality, breeder 

and progeny skeletal quality, hatchability, progeny weight, and P retention were 

monitored throughout the experimental period. Results show that total egg production, 

egg number, age at sexual maturity, and egg weight were not negatively affected by 

lowering NPP levels to 0.20% in the breeder diet (Table 1). Shell quality, though 

statistically impacted by NPP level, remained at high levels for all treatments (above 

1.081). Reproductively, reduced dietary NPP did not negatively impact hatchability or 

subsequent progeny performance. Day old and three-week progeny weights were 

comparable as was progeny bone quality (Table 2). Breeder tibia ash and relative strength 

was impaired at 0.20% NPP. Breeders fed low levels of dietary NPP had lower total P 

excretion and greater overall P retention (Table 3). The amount of P deposited into the 

egg was not different among the treatment groups. 

 In the second experiment, ninety-four 21 week-old broiler breeder hens were fed 

diets that consisted of the same five NPP levels as in the first experiment and one of two 

limestone particle sizes (large particle:X50 = 3489.73µm and small particle: X50 = 

185.50µm). The breeders were peaked on 144g of feed. Production performance, egg 

quality, breeder skeletal quality, and P retention were monitored throughout the 

experimental period. No differences were seen in egg production, age at sexual maturity, 



specific gravity or tibia relative strength due to NPP intake. However, increasing dietary 

NPP led to the production of heavier eggs. Increasing dietary NPP also increased total P 

excretion but did not show an effect on overall Ca or P retention possibly being partially 

explained by increased bone ash in breeders fed larger intakes of NPP (Table 4). Breeders 

fed large particle limestone, independent of dietary NPP intake, showed a tendency to 

reduce the amount of total P excreted (p=0.08). A rise in the amount of P deposited into 

the egg by hens fed large particle limestone may also partially account for these results. 

Feeding large particle limestone also improved shell quality and tibia relative strength. 

Results appear to indicate that lower levels of NPP intake do not impair a breeder hen’s 

performance or progeny performance and that feeding large particle limestone may 

improve several aspects of a breeder hen’s performance. Hens are able to maintain their 

performance by mobilizing bone reserves to meet the demands of egg formation and 

utilize dietary sources to replenish these reserves.  

In the third experiment, Cobb 500 breeder pullets were reared to three different 

growth curves (20% under, Cobb standard, 20% over) and followed Cobb guidelines for 

all other rearing parameters. At 21 wks, 648 breeders were transferred to a production 

house and individually fed one of two experimental diets (12 groups of 54 birds) that 

differed in the level of NPP; the other treatment groups included pullet rearing and 

feeding regimen for a 3x2x2 factorial study. Phosphorus levels were 0.15% or 0.4%NPP; 

and corresponded to a daily intake of 216 and 576 mg NPP at peak with 144g feed 

consumed, respectively. The breeders were fed 3.25% Ca with a 50% mix of large 

particle (X50 = 3159.41 µm) and small particle (X50 =192.89 µm) limestone. Feeding 

regimens consisted of a normal and an altered regimen. The normal regimen consisted of 



feed adjustments appropriate for the treatment group’s performance. The altered regimen 

consisted of feed adjustments appropriate for the flock as a whole. Production 

performance, egg quality, breeder skeletal quality, and P retention were monitored 

throughout the experimental period. Plasma samples were collected and assayed for 

PTHrp, tartrate-resistant acid phosphatase (TRAP), and total alkaline phosphatase (total 

ALP) using colorimetric assays (Lau et al., 1987), and plasma P utilizing a modified 

method of the procedure described by Daly and Ertingshausen (1971). Eggs per hen 

housed were diminished in hens fed the low dietary NPP, and by low pullet target weight 

(Table 5). Hens fed low dietary NPP also had lower egg weights but better shell quality. 

Mortality was significantly higher in hens fed low dietary NPP and pullets with low BW 

were specifically affected, especially during weeks 26-28. Breeder tibia relative strength 

and ash was also significantly lower in hens fed low dietary NPP %, regardless of the 

quantitative amount. Hatch of fertile was not impacted by NPP intake or by rearing 

program, but was affected by breeder feeding regimen (p=0.0031). Progeny bone quality 

was not significantly affected by any treatment. However, an initial benefit in 1 day 

progeny weight was observed for hens fed 0.4% NPP. Circulating blood PTHrp was 

higher at 24 weeks of age than at 29 weeks of age (peak) and PTHrp levels were lower in 

hens reared 20% over target BW (Table 6). Osteoclast activity (TRAP; Figures 1 and 2) 

and bone mobilization appears to peak 8-12 hours post feeding; followed by a period of 

bone re-deposition (total ALP; Figures 1 and 2). Deficiencies in dietary NPP do not 

appear to exert an effect until nearing peak production; pullet rearing appears to exert a 

greater effect during the transition into sexual maturity. Hens on 0.15% NPP will 

mobilize less bone than hens on 0.40% NPP, even at peak production. Plasma P readings 



support these conclusions (Figure 3) showing  breeders fed 0.14% NPP had less reactive 

P in plasma.  Hens reared on a 20% under growth curve had reduced egg production. 

“Under” hens had higher levels of bone deposition (total ALP; Table 8) at 24 and 26 

weeks, and lower levels of bone resorption (TRAP; Table 7) at 24 weeks. In summary, 

0.15% dietary NPP and the 20% under pullet growth curve negatively impact egg 

production as well as breeder skeletal integrity, but do not impair progeny skeletal 

integrity. Body composition appears to be a main contributor in bone remodeling 

mechanisms.  

 

Ca particle size effect on broiler breeder egg shell quality, bone ash and P excretion 

A six-week experiment was conducted to evaluate the effects of two different Ca particle 

sizes on a) Ca and P retention and percent tibia ash in normal broiler breeder hens, and b) 

total urinary Ca and P excretion in colostomized broiler breeder hens (Manangi et al., 

2007). Three hundred broiler breeder pullets (Cobb 700), 23 wk of age, were offered a 

corn-soybean meal breeder diet (based on NRC, 1994 recommendation) in individual 

cages until 30 wk of age. Some of the broiler breeder hens, 25-30 wk of age, with 

uniform body weights were used for colostomy. During the 31
st
 week, 150 hens were 

divided into two groups of 75 each and offered the test diets. The colostomized birds 

were also divided into two groups (3 birds per treatment) and offered diets similar to 

normal birds. The calcium added to the basal diets consisted of two different particle 

sizes of limestone. The smaller particle size limestone passed a 300 microns mesh screen 

(X50  = 185.50 µm) whereas the larger particle size limestone passed a 4.57 mm mesh 

screen (X50 = 3527.33µm). The nutrient retention study consisted of feeding ten broiler 



breeders from each non-colostomized group and ten colostomized breeders the 

experimental diets with added acid insoluble ash (Celite). Data from this experiment were 

subjected to “two group t- test” to determine the statistical significance (SAS Institute, 

1999).  

 

Although the P excretion difference was not significant (P=0.15) during the six week 

breeder study, a numerical improvement of 2.09 percentage points P retention and 3.69 

percentage points Ca retention was obtained for non-colostomized breeders fed larger 

size limestone particles compared to non-colostomized  breeders fed smaller particle size 

limestone (Table 9). There was a significant (P < 0.0001) improvement of 3.22 

percentage points in tibia ash content in the group fed larger particle size limestone 

compared to hens fed smaller particle size limestone for a 6 wk (Table 9) period. Average 

hen day egg production for a period of 6 wk showed no difference (P > 0.05) between the 

two groups of broiler breeder hens fed two different particle sizes of limestone (Table 9). 

For the non-colostomized birds, feeding a larger particle size of limestone significantly (P 

< 0.05) increased the specific gravity of eggs as compared to smaller particle size 

limestone fed group (Table 9). A numerical improvement of 0.12 percentage points in % 

dry shell weight and 0.59 mg/cm
2
 in shell weight per unit surface area (SWUSA)  were 

obtained for non-colostomized breeders fed larger size limestone particles compared to 

non-colostomized  breeders fed smaller particle size limestone (Table 9).  The diurnal 

patterns of total urinary Ca and P excretion by broiler breeder hens are shown in the 

Figure 12.  The total P excretion was low during 0-11 h, and 20-24 h post oviposition, 

whereas the P excretion was at its maximum during 11-20 h post oviposition. The total 



Ca excretion was at its maximum during 0-11 h post oviposition. The excretion continued 

to decline during shell formation(Coon et al, 2006). In conclusion, feeding large particle 

size Ca compared to small particle size results in a reduction (P=0.1585) of 1.83 mg P/g 

DM excreta, and an improvement (P<0.0001) of 3.22 percentage points in tibia ash in 

broiler breeder hens based on a six week feeding study.  
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Table 1. Broiler breeder performance of hens fed graded levels of NPP through 65 wks. 

 

 

 



Table 2. Progeny quality of broiler breeders fed graded levels of NPP through 65 wks 

(Experiment 1). 

 



 

Table 3. P balance of broiler breeders fed graded levels of NPP at 52 wks of age fed a 

130 g meal (Experiment 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. P balance of broiler breeders fed graded levels of NPP at 31 wks of age fed a 142 g meal (Experiment 2). 

Limestone 

particle size 
Dietary NPP 

% 
Total Feed P 

(mg) 
Total Excreta 

P (mg) 
Total P 

retention (%) 
Total Egg P 

(mg) 
Total Egg P 

(ppm) 

Total Feed 

Ca (g) 
Total Excreta 

Ca (g) 
Total Ca 

retention (%) 

          

Large  763.72 538.86 ± 19.60 28.40 ± 2.48 131.42 ± 5.98 7931.67 ± 55.89 4.62 3.36 ± 0.28 27.25 ± 6.02 

Small  763.72 589.63 ± 21.54 22.81 ± 2.72 109.25 ± 6.63 7248.88 ± 58.43 4.62 3.19 ± 0.31 30.96 ± 6.61 

 0.20% 605.49 479.63 ± 30.29 20.79 ± 3.83 115.66 ± 9.49 7485.22 ± 85.22 4.62 2.32 ± 0.43 49.65 ± 9.30 

 0.25% 653.20 504.96 ± 35.19 22.69 ± 4.45 130.99 ± 10.73 7758.99 ± 90.63 4.62 2.94 ± 0.50 36.20 ± 10.80 

 0.30% 789.17 549.73 ± 35.19 30.34 ± 4.45 114.50 ± 10.73 7652.36 ± 98.30 4.62 3.81 ± 0.50 17.38 ± 10.80 

 0.35% 799.32 606.78± 30.05 24.09 ± 3.80 124.31 ± 9.17 7683.16 ± 87.67 4.62 3.64 ± 0.43 21.12 ± 9.22 

 0.40% 971.42 680.13 ± 31.68 30.12 ± 4.00 116.20 ± 9.66 7371.42 ± 89.62 4.62 3.64 ± 0.45 21.19 ± 9.72 

p values          

 Particle size NA 0.0863 0.1339 0.0276 <0.001 NA 0.4352 0.68 

 P level NA 0.0002 0.3456 0.5662 0.0193 NA 0.0081 0.1097 

 
Particle size*P 

level NA 0.0919 0.1352 0.0596 
0.6969 

NA 0.7725 0.6551 

 Linear-small NA <0.0001 0.7776 0.4009 0.6732 NA 0.0115 0.0115 

 Linear-large NA 0.0418 0.0154 0.3525 0.1473 NA 0.2890 0.2890 



 

 

Dietary 

NPP 

Pullet 

trt Feeding regimen EHH 

Egg 

weight 

(g) 

Specific 

gravity 

Mortality 

(%) 

45-week 

Breeder tibia 

ash (%) 

0.15    88.3 52.77 1.0815 19.79 44.86 

0.4    96.9 53.77 1.0809 6.52 50.15 

         

 Over   99.7 53.3 1.0810 11.64 47.04 

 Standard   92.2 53.27 1.0810 13.44 47.91 

 Under   86 53.24 1.0817 14.4 47.57 

         

  Alternate 92 53.4 1.0811 14.25 47.38 

  Normal 93.2 53.14 1.0813 12.07 47.64 

         

         

  NPP 0.0001 <0.0001 0.0001 <0.0001 <0.0001 

  Pullet  0.0001 0.9795 <0.0001 0.681 0.7423 

  Feeding 0.5969 0.2678 0.0831 0.4033 0.7779 

  NPP*Pullet 0.2411 0.0114 0.0122 0.036 0.6692 

  NPP*Feeding 0.0064 0.305 0.009 0.2778 0.2814 

  Pullet*Feeding 0.4587 0.6109 <0.0001 0.6952 0.1178 

  NPP*Pullet*Feeding 0.1593 0.748 0.0128 0.3083 0.8343 

Table 5. Production performance of broiler breeders fed different levels of dietary NPP, 

different pullet rearing and feeding regimens. (Experiment 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    Week 24 Week 29 

Dietary NPP Pullet rearing Feeding Regimen PTH (ng/ml) PTH (ng/ml) 

0.15    0.259 0.1928 

0.4    0.2698 0.1888 

      

 Over   0.2423 0.189 

 Standard   0.284 0.1941 

 Under   0.2669 0.1893 

      

  Alternate 0.2635 0.2 

  Normal 0.2652 0.1816 

      

  NPP 0.4454 0.6639 

  Pullet 0.0551 0.8813 

  Feeding 0.9048 0.0501 

  NPP*Pullet 0.3163 0.5489 

  NPP*Feeding 0.0506 0.5237 

  Pullet*Feeding 0.7588 0.3858 

  NPP*Pullet*Feeding 0.4071 0.4929 

Table 6. Weekly mean values of PTHrp in broiler breeder hens fed different dietary NPP 

intakes, different pullet rearing and feeding regimen (Experiment 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

   

   Week 24 Week 26 Week 29 

Dietary 

NPP 

Pullet 

rearing Feeding Regimen TRAP (U) TRAP (U) TRAP (U) 

0.15    929.28 695.97 596.56 

0.4    806.12 843.17 922.6 

       

 Over   1103.87 917.11 748.47 

 Standard   852.77 638.94 767.78 

 Under   646.48 752.64 762. 49  

       

  Alternate 1034.32 896.53 843.16 

  Normal 701.08 642.6 675.99 

       

  NPP 0.2928 0.203 0.0012 

  Pullet 0.0067 0.1463 0.9866 

  Feeding 0.0046 0.0284 0.0942 

  NPP*Pullet 0.351 0.2175 0.0277 

  NPP*Feeding 0.4137 0.9895 0.4794 

  Pullet*Feeding 0.8893 0.5034 0.404 

  NPP*Pullet*Feeding 0.5472 0.9466 0.4298 

 

 

Table 7. Weekly mean values of plasma total TRAP (bone re-sorption) in broiler breeder 

hens fed different dietary NPP intakes, different pullet rearing and feeding regimen 

(Experiment 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   Week 24 Week 26 Week 29 

Dietrary NPP Pullet rearing Feeding regimen total ALP (U) total ALP (U) total ALP (U) 

0.15    3821.47 1655.51 2216.2 

0.40    3670.35 1732.21 1952.45 

       

 Over    3489.91 1469.51 2002.81 

 Standard   3413.38 1632.63 1970.28 

 Under   4334.44 1979.44 2279.88 

       

  Alternate 3846.34 1765.8 2206.28 

  Normal 3645.47 1621.93 1962.38 

       

  NPP 0.2977 0.4563 0.0221 

  Pullet <0.0001 0.0002 0.0548 

  Feeding 0.1665 0.1626 0.0342 

  NPP*Pullet 0.9141 0.8381 0.8216 

  NPP*Feeding 0.1048 0.0932 0.8634 

  Pullet*Feeding 0.806 0.2902 0.6306 

  NPP*Pullet*Feeding 0.6273 0.2734 0.8726 

Table 8. Weekly mean values of plasma  tALP (bone deposition) in broiler breeder hens 

fed different dietary NPP intakes, different pullet rearing and feeding regimen 

(Experiment 3). 

  

 

  

 



 
Figure 1. Fluctuation of PTHrp, tALP, and TRAP over 24 h in broiler breeders fed 0.4% 

NPP at 29 wks of age (Experiment 3).  

 

 

 



 
Figure 2. Fluctuation of PTHrp, tALP, and TRAP over 24 h in broiler breeders fed 0.15% 

NPP at 29 wks of age (Experiment 3). 

 

 

 

 

 



 

 

Figure 3. Plasma P concentrations of broiler breeders fed two different levels of dietary 

NPP and at two different ages (Experiment 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P=0.103 

 

P=0.10 P=0.15 



 ---------After 6 wks------ 
 S SSB P > t  

Mean  SE Mean  SE 

Excreta P, mg/g DM 18.55 0.87 16.72 0.93 0.1585 

Excreta Phytate P, mg/g 

DM 
3.23 0.35 3.04 0.47 0.7533 

Excreta NPP, mg/g DM 15.32 0.90 14.69 1.20 0.6766 

Total P retention, % 31.00 3.30 33.09 3.72 0.6777 

Phytate P disappearance, 

% 
60.78 4.30 61.32 5.95 0.9422 

Ca retention, % 49.86 3.26 53.55 4.15 0.4883 

Bone (Tibia) Ash, % 54.75 0.50 57.97 0.57 <0.0001 

Hen Day Egg Number 36.5±0.80 36.9±0.80 0.7454 

Egg Weight, g 60.6±0.40 59.5±0.40 0.0612 

% Dry Shell Weight 9.10±0.08 9.22±0.08 0.3010 

SWUSA, mg/cm2 76.72±0.72 77.31±0.75 0.5652 

Specific Gravity 1.085±0.0006 1.087±0.0006 0.0382 

S- smaller particle size calcium source; SSB-larger particle size calcium source. 

 

Table 9. The effect of feeding different sizes of calcium carbonate particles on calcium 

and phosphorus retention and performance for broiler breeder hens 
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Figure 4. Diurnal pattern of urinary total P (tP) and total Ca (tCa) excretion in broiler 

breeder hens fed two different particle sizes of Ca (6wk feeding); S- smaller particle size 

calcium source; SSB-larger particle size calcium source. 

 


