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Table 6 Bone homeostasis markers (Means) from four pure genetic line breeder hens fed various 
level of calcium (Ca) and nonphytate phosphorus (NPP) from age 22 to 50 weeks 

 BSAP 
(pg./ml) 

TRAP  
(U) 2/ 

Bone 
Osteoclast 

Score  

FGF23 
(pg./ml) 

     
Diet1/     
1 4278.74 16.69 3.11 1862.92A 
2 4039.42 16.92 3.32 1079.39B 
3 2827.03 17.29 3.39 1331.32AB 
4 4195.65 15.83 2.99 1435.29AB 
5 4051.76 17.45 3.64 1524.08AB 
6 4494.49 17.78 3.54 1369.14AB 
SEM 732.084 1.765 0.169 163.906 
     
Line     
A 3644.62 32.53A 3.82 1246.16 
B 4299.13 8.38B 2.51 1586.68 
C 4519.64 13.07B 3.45 1430.22 
D 3461.34 13.99B 3.55 1471.69 
SEM 594.409 1.443 0.139 133.634 
     
Statistical analysis (p-value)  
Diet 0.6755 0.5822 0.5402 0.0418 
Line 0.2375 <.0001 0.0652 0.2748 
Diet x Line 0.7978 0.7435 0.7065 0.9519 

 

1/ Diet 1 = 2.25Ca: 0.25NPP, Diet 2 = 2.50Ca: 0.25NPP, Diet 3 = 2.75Ca: 0.25NPP, Diet 4 = 
3.00Ca: 0.25NPP, Diet 5 = 3.25Ca: 0.25NPP, Diet 6 = 3.25Ca: 0.40NPP 

2/ One unit of TRAP activity is defined as the amount of enzyme required to hydrolyze 1 µmol of 
PNPP per minute at 37 °C in the presence of 40 mmol of sodium L-(+)-tratrate per liter at pH 
5.5. 
A-B Means within a column that do not share a letter are significantly different (p=<0.05) 

Abbreviation: BSAP= Bone specific Alkaline phosphatase, TRAP= Tartrate Resistant Acid 
Phosphatase, Bone Osteoclast Score= osteoclastic histological score by using TRAP staining, 
FGF23= Fibroblast Growth Factor 23 
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Table 7 Tibia ash in day-0 chicks and body mineral content (Means) in 14-day-old chicks fed 
with commercial starter diet from four pure genetic line breeder hens fed various level of 
calcium (Ca) and nonphytate phosphorus (NPP) from age 22 to 50 weeks 

 Day-0-Tibia 
Ash 
(%) 

Total body 
Mass 

(g) 

Mineral 
Mass 
(%) 

    
Diet1/    
1 30.50 326.27 2.54 
2 30.21 318.24 2.61 
3 30.37 334.36 2.61 
4 30.31 331.89 2.53 
5 30.07 334.16 2.54 
6 30.23 329.29 2.55 
SEM 0.269 5.272 0.032 
    
Line    
A 29.91B 329.96B 2.45C 
B 30.96A 366.35A 2.59B 
C 29.55B 327.42B 2.72A 
D 30.71A 292.42C 2.49BC 
SEM 0.221 4.302 0.032 
    
Statistical analysis (p-value)  
Diet 0.9333 0.3122 0.3274 
Line <.0001 <.0001 <.0001 
Diet x Line N/A2/ 0.8931 0.6082 

 

1/ Diet 1 = 2.25Ca: 0.25NPP, Diet 2 = 2.50Ca: 0.25NPP, Diet 3 = 2.75Ca: 0.25NPP, Diet 4 = 
3.00Ca: 0.25NPP, Diet 5 = 3.25Ca: 0.25NPP, Diet 6 = 3.25Ca: 0.40NPP 

2/ Missing data 

A-B Means within a column that do not share a letter are significantly different (p=<0.05) 
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Table 8 Calcium and Phosphorus excretion (Means) in 14-day-old chicks fed with commercial 
starter diet from four pure genetic line breeder hens fed various level of calcium (Ca) and 
nonphytate phosphorus (NPP) from age 22 to 50 weeks 

 Excreta Ca 
(%) 

Excreta P 
(%) 

   
Diet1/   
1 2.70 1.30 
2 2.61 1.22 
3 2.50 1.19 
4 2.62 1.25 
5 2.77 1.33 
6 2.75 1.41 
SEM 0.097 0.054 
   
Line   
A 3.22A 1.41B 
B 2.18B 1.19C 
C 1.87C 1.00D 
D 3.35A 1.53A 
SEM 0.047 0.020 
   
Statistical analysis (p-value) 
Diet 0.2254 <.1511 
Line <.0001 <.0001 
Diet x Line 0.1587 <.1201 

 

1/ Diet 1 = 2.25Ca: 0.25NPP, Diet 2 = 2.50Ca: 0.25NPP, Diet 3 = 2.75Ca: 0.25NPP, Diet 4 = 
3.00Ca: 0.25NPP, Diet 5 = 3.25Ca: 0.25NPP, Diet 6 = 3.25Ca: 0.40NPP 

A-B Means within a column that do not share a letter are significantly different (p=<0.05) 
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Table 9 Bone homeostasis markers (Means) in 14-day-old chicks from four pure genetic line 
breeder hens fed various level of calcium (Ca) and nonphytate phosphorus (NPP) from age 22 to 
50 weeks 

 BSAP 
(pg./ml) 

TRAP  
(U) 

FGF23 
(pg./ml) 

    
Diet1/    
1 208.20 6.24 826.27 
2 233.34 6.40 861.26 
3 198.31 6.25 880.00 
4 226.39 6.34 963.46 
5 172.48 6.06 874.57 
6 207.06 7.01 746.67 
SEM 25.417 0.258 69.514 
    
Line    
A 205.90 6.82A 920.73A 
B 220.19 5.39B 751.78B 
C 238.25 5.94B 803.44AB 
D 166.19 7.38A 958.88A 
SEM 23.773 0.213 56.722 
    
Statistical analysis (p-value) 
Diet 0.6100 0.2716 0.4087 
Line 0.0915 <.0001 0.0371 
Diet x Line 0.1659 0.4181 0.4194 

 

1/ Diet 1 = 2.25Ca: 0.25NPP, Diet 2 = 2.50Ca: 0.25NPP, Diet 3 = 2.75Ca: 0.25NPP, Diet 4 = 
3.00Ca: 0.25NPP, Diet 5 = 3.25Ca: 0.25NPP, Diet 6 = 3.25Ca: 0.40NPP 

A-B Means within a column that do not share a letter are significantly different (p=<0.05) 

Abbreviation: BSAP= Bone specific Alkaline phosphatase, TRAP= Tartrate Resistant Acid 
Phosphatase, FGF23= Fibroblast Growth Factor 23. 

 



 

 

Figure 1
14-day-o
various l
0.25NPP
5 = 3.25C

12 Bar diagra
old chicks fe
level of calc

P, Diet 2 = 2.
Ca: 0.25NPP

am show pla
fed commerc
cium (Ca) a
.50Ca: 0.25N
P, Diet 6 = 3

asma bone sp
cial starter 
and nonphyt
NPP, Diet 3 
.25Ca: 0.40N

115 

pecific alkal
diet from fo
tate phospho
= 2.75Ca: 0
NPP)  

line phospha
four pure ge
orus (NPP).

0.25NPP, Die

atase (BSAP
enetic line b
 (Breeder D
et 4 = 3.00C

P; Means ±S
breeder hen
Diet 1 = 2.2
Ca: 0.25NPP,

 

SE) of 
ns fed 
25Ca: 
, Diet 



 

 

Figure 1
14-day-o
various l
0.25NPP
5 = 3.25C
significan

 

 

 

 

13 Bar diagr
old chicks fe
level of calc

P, Diet 2 = 2.
Ca: 0.25NPP
ntly differen

am show pla
fed commerc
cium (Ca) a
.50Ca: 0.25N
P, Diet 6 = 3
nt (p=<0.05)]

asma tartrate
cial starter 
and nonphyt
NPP, Diet 3 
3.25Ca: 0.40
].  

116 

e resistant a
diet from fo
tate phospho
= 2.75Ca: 0

0NPP). [A-B B

A

acid phospha
four pure ge
orus (NPP).

0.25NPP, Die
Bar diagram

B 

A 

atase (TRAP
enetic line b
 (Breeder D
et 4 = 3.00C

m that do not 

B 

P; Means ±S
breeder hen
Diet 1 = 2.2
Ca: 0.25NPP,

share a lette

A 

 

SE) of 
ns fed 
25Ca: 
, Diet 
er are 



 

 

 

Figure 1
day-old c
level of 
Diet 2 =
3.25Ca: 
significan

14 Bar diagr
chicks fed c
calcium (Ca

= 2.50Ca: 0.
0.25NPP, D
ntly differen

ram show pl
ommercial s

a) and nonph
25NPP, Die

Diet 6 = 3.25
nt (p=<0.05)]

lasma fibrob
starter diet f
hytate phosp
et 3 = 2.75C
5Ca: 0.40NP
].  

117 

blast growth
from four pu
phorus (NPP
Ca: 0.25NPP
PP). [A-B Ba

h factor 23 (
ure genetic l
P). (Breeder
P, Diet 4 = 
ar diagram t

B

A 

(FGF23; Me
line breeder 
r Diet 1 = 2

3.00Ca: 0.2
that do not s

AB 

eans ±SE) o
hens fed va

2.25Ca: 0.25
25NPP, Diet
share a lette

A 

 

of 14-
arious 
NPP, 
t 5 = 
er are 



 

 

Figure 1
(BSAP) f

 

15 Bar diagra
from four pu

am compare
ure genetic li

e breeder and
ines.  

118 

d 14-day proogeny bone sspecific alka

 

aline phosphhatase 



 

Figure 1
day chick

16 Bar diagra
k mineral ma

am of Breed
ass (Means) 

C 

B 

C

D

der mineral m
from four p

B

A

B

B

119 

mass, % she
ure genetic l

ell calcium, d
lines.  

A 

B 

A

A

day-0 chick 

BC 

A 

C

C

 

tibia ash annd 14-



120 
 

V. REFERENCES 

  

Ahmadi H and Rodehutscord M. 2012. A meta-analysis of responses to dietary nonphytate 
phosphorus and phytase in laying hens. Poultry Science 91(8):2072-8. 

Ahn DU, Kim SM, Shu H. 1997. Effect of egg size and strain and age of hens on the solids 
content of chicken eggs. Poult Sci 76(6):914-9. 

Aitken RNC. 1971. The oviduct. Bell DJ and Freeman BM, editors. In: Physiology and 
biochemistry of the domestic fowl. 1st ed. New York: Academic Press, INC. 1237 p. 

Applegate TJ, Harper D, Lilburn MS. 1998. Effect of hen production age on egg composition 
and embryo development in commercial pekin ducks. Poult Sci 77(11):1608-12. 

ASBMR. 2012. Pre-meeing workshop on techniques in bond and muscle biology, tartrate 
resistant acid phosphatase (TRAP) stain. 24. 

Asmundson VS and Baker GA. 1940. Percentage shell as a function of shell thickness, egg 
volume, and egg shape. Poult Sci 19:227-32. 

Asmundson VS and Burmester BR. 1936. The secretory activity of the parts of the hen's oviduct. 
J Exp Zool 72(2):225-46. 

Bar A, Razaphkovsky V, Vax E. 2002. Re-evaluation of calcium and phosphorus requirements in 
aged laying hens. Br Poult Sci 43:261-9. 

Bar A and Hurwitz S. 1973. Uterine calcium-binding protein in the laying fowl. Comparative 
Biochemistry and Physiology Part A: Physiology 45(2):579,580, IN13, 581-586. 

Boorman KN and Gunaratne SP. 2001. Dietary phosphorus supply, egg-shell deposition and 
plasma inorganic phosphorus in laying hens. Br Poult Sci 42(1):81-91. 

Boyce B. 2013 TRAP stain for paraffin sections,center for musculoskeletal research, university 
of rochester medical center. <http://www.urmc.rochester.edu/musculoskeletal-research/core-
services/histology/documents/TRAP_Stain_forParaffin_Sections.pdf;>. Accessed 2013 . 

Burke WH. 1984. Avian reproduction. Dukes HH and Swenson MJ, editors. In: Dukes' 
physiology of domestic animals. Ithaca, N.Y. : Comstock Pub. Associates, 1984. 847 p. 

Buss EG and Guyer RB. 1984. Bone parameters of thick and thin eggshell lines of chickens. 
Comparative Biochemistry and Physiology Part A: Physiology 78(3):449-52. 



121 
 

Candlish J and Taylor T. 1970. The response-time to the parathyroid hormone in the laying fowl. 
J Endocrinol 48(1):143-4. 

Carlberg C. 1999. Lipid soluble vitamins in gene regulation. Biofactors 10(2-3):91-7. 

Çelebi S and Bölükbasi SC. 2005. The influence of dietary phosphorus level on plasma calcium 
and phosphorus, eggshell calcium and phosphorus. International Journal of Poultry Science 
4(7):497-9. 

Conrad RM and Phillips RE. 1938. The formation of the chalazae and inner thin white in the 
hen's egg. Poult Sci 17:143-146. 

Crenshaw T, Rortvedt L, Hassen Z. 2011. A novel pathway for vitamin D mediated phosphate 
homeostasis: Implications for skeleton growth and mineralization. J Anim Sci . 

Currie WB. 1988. Reproduction in the chicken. In: Structure and function of domestic animal. 
Boston: Butterworths. 376 p. 

Dacke CG, Ancill AK, Whitaker G, Bascal Z. 1993a. Calcitrophic peptides and rapid calcium 
fluxes into chick bone. Sharp PJ, editor. In: Avian endocrinology. Bristol: Society for 
Endocrinology. 239 p. 

Dacke C, Arkle S, Cook D, Wormstone I, Jones S, Zaidi M, Bascal Z. 1993b. Medullary bone 
and avian calcium regulation. J Exp Biol 184(1):63-88. 

Diamon V. 2013 Innovations in eggshell quality evaluation. 
<http://www.thepoultrysite.com/poultrynews/28508/innovations-in-eggshell-quality-
evaluation>. Accessed 2013 11/05. 

Donovan EW, Boone MA, Turk DE. 1969. The travel and residence of spermatozoa in the 
oviduct of the gallus domesticus. Poult Sci 48(1):176-81. 

Ekmay R and Coon C. 2011. An examination of the P requirements of broiler breeders for 
performance, progeny quality and P balance 2. ca particle size. International Journal of 
Poultry Science 10(10):760-5. 

Ekmay R and Coon C. 2010. The effect of limestone particle size on the performance of three 
broiler breeder purelines. International Journal of Poultry Science 9(11):1038-42. 

England J, Salas C, Ekmay R, Coon C, Murali N, Kumar-Phillips G, Rath N, Marcy J, Slavik M, 
Kwari I. 2012. Dual energy X-ray absorptiometry analysis of broiler breeder eggs for 
prediction of egg components and evaluation of egg shell quality. International Journal of 
Poultry Science 11(5):316-25. 

Fisher C. 1983. Egg production. Rook JAF and Thomas PC, editors. In: Nutritional physiology 
of farm animals. New York: Longman Inc. 623 p. 



122 
 

Fleming R, McCormack H, Whitehead C. 1998. Bone structure and strength at different ages in 
laying hens and effects of dietary particulate limestone, vitamin K and ascorbic acid. Br 
Poult Sci 39(3):434-40. 

Garlich J, Brake J, Parkhurst C, Thaxton J, Morgan G. 1984. Physiological profile of caged 
layers during one production year, molt, and postmolt: Egg production, egg shell quality, 
liver, femur, and blood parameters. Poultry Science 63(2):339-43. 

Garnero P and Delmas PD. 1993. Assessment of the serum levels of bone alkaline phosphatase 
with a new immunoradiometric assay in patients with metabolic bone disease. Journal of 
Clinical Endocrinology & Metabolism 77(4):1046-53. 

Gerber N. 2006. Factors affecting egg quaslity in the commercial laying hen: A review. Egg 
Producers Federations of New Zealand (Lnc)/Poultry Industry Association of New Zealand 
96D Carlton Gore Road, New Market 1023. 

Gilbert AB. 1971a. The ovary. Bell DJ and Freeman BM, editors. In: Physiology and 
biochemistry of the domestic fowl. 1st ed. New York: Academic Press, INC. 1163 p. 

Gilbert AB. 1971b. Egg albumen and its formation. Bell DJ and Freeman BM, editors. In: 
Physiology and biochemistry of the domestic fowl. 1st ed. New York: Academic Press, 
INC. 1291 p. 

Gilbert AB and Pearson RA. 1983. Egg formation in poultry. Rook JAF and Thomas PC, editors. 
In: Nutritional physiology of farm animal. 1st ed. New York: Longman Inc. 243 p. 

Gilbert AB. 1980. Poultry. Hafez ESE, editor. In: Reproduction in farm animals. 4th ed. -- ed. 
Philadelphia : Lea & Febiger, 1980. 423 p. 

Guinotte F and Nys Y. 1991. Effects of particle size and origin of calcium sources on eggshell 
quality and bone mineralization in egg laying hens. Poult Sci 70(3):583-92. 

Halleen JM, Alatalo SL, Suominen H, Cheng S, Janckila AJ, Väänänen HK. 2000. Tartrate‐
resistant acid phosphatase 5b: A novel serum marker of bone resorption. Journal of Bone 
and Mineral Research 15(7):1337-45. 

Halleen JM, Räisänen S, Salo JJ, Reddy SV, Roodman GD, Hentunen TA, Lehenkari PP, Kaija 
H, Vihko P, Väänänen HK. 1999. Intracellular fragmentation of bone resorption products by 
reactive oxygen species generated by osteoclastic tartrate-resistant acid phosphatase. J Biol 
Chem 274(33):22907-10. 

Haussler MR. 1986. Vitamin D receptors: Nature and function. Annu Rev Nutr 6:527-62. 

Hessle L, Johnson KA, Anderson HC, Narisawa S, Sali A, Goding JW, Terkeltaub R, Millán JL. 
2002. Tissue-nonspecific alkaline phosphatase and plasma cell membrane glycoprotein-1 



123 
 

are central antagonistic regulators of bone mineralization. Proceedings of the National 
Academy of Sciences 99(14):9445-9. 

Hollberg K, Hultenby K, Hayman AR, Cox TM, Andersson G. 2002. Osteoclasts from mice 
deficient in tartrate-resistant acid phosphatase have altered ruffled borders and disturbed 
intracellular vesicular transport. Exp Cell Res 279(2):227-38. 

Hori M, Shimizu Y, Fukumoto S. 2011. Minireview: Fibroblast growth factor 23 in phosphate 
homeostasis and bone metabolism. Endocrinology 152(1):4-10. 

Howard AD, Berger J, Gerber L, Familletti P, Udenfriend S. 1987. Characterization of the 
phosphatidylinositol-glycan membrane anchor of human placental alkaline phosphatase. 
Proceedings of the National Academy of Sciences 84(17):6055-9. 

Hunton P. 2005. Research on eggshell structure and quality: An historical overview. Revista 
Brasileira De Ciência Avícola 7(2):67-71. 

Hurwitz S and Griminger P. 1961. The response of plasma alkaline phosphatase, parathyroids 
and blood and bone minerals to calcium intake in the fowl. J Nutr 73:177-85. 

Karsdal MA, Henriksen K, Sørensen MG, Gram J, Schaller S, Dziegiel MH, Heegaard A, 
Christophersen P, Martin TJ, Christiansen C. 2005. Acidification of the osteoclastic 
resorption compartment provides insight into the coupling of bone formation to bone 
resorption. The American Journal of Pathology 166(2):467-76. 

Keshavarz K. 2003a. A comparison between cholecalciferol and 25-OH-cholecalciferol on 
performance and eggshell quality of hens fed different levels of calcium and phosphorus. 
Poultry Science 82(9):1415-22. 

Keshavarz K. 2003b. The effect of different levels of nonphytate phosphorus with and without 
phytase on the performance of four strains of laying hens. Poultry Science 82(1):71-91. 

Keshavarz K. 2000. Nonphytate phosphorus requirement of laying hens with and without 
phytase on a phase feeding program. Poultry Science 79(5):748-63. 

Keshavarz K and Nakajima S. 1993. Re-evaluation of calcium and phosphorus requirements of 
laying hens for optimum performance and eggshell quality. Poultry Science 72(1):144-53. 

Keshavarz K, Scott ML, Blanchard J. 1993. The effect of solubility and particle size of calcium 
sources on shell quality and bone mineralization. The Journal of Applied Poultry Research 
2(3):259-67. 

King AS. 1975. Aves urogenital system. Getty R, editor. In: Sisson and grossman's the anatomy 
of the domestic animals. Philadelphia: Saunders. 1919-1964 p. 



124 
 

Kolek OI, Hines ER, Jones MD, LeSueur LK, Lipko MA, Kiela PR, Collins JF, Haussler MR, 
Ghishan FK. 2005. 1α, 25-dihydroxyvitamin D3 upregulates FGF23 gene expression in 
bone: The final link in a renal-gastrointestinal-skeletal axis that controls phosphate 
transport. American Journal of Physiology-Gastrointestinal and Liver Physiology 
289(6):G1036-42. 

Lam W, Eastlund DT, Li C, Yam LT. 1978. Biochemical properties of tartrate-resistant acid 
phosphatase in serum of adults and children. Clin Chem 24(7):1105-8. 

Lau K, Onishi T, Wergedal J, Singer F, Baylink D. 1987. Characterization and assay of tartrate-
resistant acid phosphatase activity in serum: Potential use to assess bone resorption. Clin 
Chem 33(4):458-62. 

Leske K and Coon C. 2002. The development of feedstuff retainable phosphorus values for 
broilers. Poult Sci 81(11):1681-93. 

Leung K, Fung K, Sher A, Li C, Lee K. 1993. Plasma bone-specific alkaline phosphatase as an 
indicator of osteoblastic activity. Journal of Bone & Joint Surgery, British Volume 75-
B(2):288-92. 

Li C, Yam L, Lam K. 1970. Acid phosphatase isoenzyme in human leukocytes in normal and 
pathologic conditions. Journal of Histochemistry & Cytochemistry 18(7):473-81. 

Lichovnikova M. 2007. The effect of dietary calcium source, concentration and particle size on 
calcium retention, eggshell quality and overall calcium requirement in laying hens. Br Poult 
Sci 48(1):71-5. 

Lips P. 2006. Vitamin D physiology. Prog Biophys Mol Biol 92(1):4-8. 

Lofts B and Murton R, K. 1973. Reproduction in birds. Farber D, S. and King J, R., editors. In: 
Avian biology. 1st ed. New York: Academic Press, INC. 1 p. 

Lyubimova N, Pashkov M, Tyulyandin S, Goldberg V, Kushlinskii N. 2004. Tartrate-resistant 
acid phosphatase as a marker of bone metastases in patients with breast cancer and prostate 
cancer. Bull Exp Biol Med 138(1):77-9. 

McIndoe WM. 1971. Yolk synthesis. Bell DJ and Freeman BM, editors. In: Physiology and 
biochemistry of the domestic fowl. 1st ed. New York: Academic Press, INC. 1209 p. 

Miller SC. 1977. Osteoclast cell-surface changes during the egg-laying cycle in japanese quail. J 
Cell Biol 75(1):104-18. 

Minkin C. 1982. Bone acid phosphatase: Tartrate-resistant acid phosphatase as a marker of 
osteoclast function. Calcif Tissue Int 34(1):285-90. 



125 
 

Mirams M, Robinson BG, Mason RS, Nelson AE. 2004. Bone as a source of FGF23: Regulation 
by phosphate? Bone 35(5):1192-9. 

Narvaez-Solarte W, Rostagno HS, Soares PR, Uribe-Velasquez LF, Silva MA. 2006. Nutritional 
requirement of calcium in white laying hens from 46 to 62 wk of age. International Journal 
of Poultry Science 5(2):181-4. 

Nesbitt SA and Horton MA. 1997. Trafficking of matrix collagens through bone-resorbing 
osteoclasts. Science 276(5310):266-9. 

Novo RP, Gama LT, Soares MC. 1997. Effects of oviposition time, hen age, and extra dietary 
calcium on egg characteristics and hatchability. The Journal of Applied Poultry Research 
6(3):335-43. 

NRC, editor. 1994. Nutrient requirement of poultry. 9th ed. Washington, DC: National Academy 
Press. 173 p. 

Nys Y, Mayel-Afshar S, Bouillon R, Van Baelen H, Lawson DEM. 1989. Increases in calbindin 
D 28K mRNA in the uterus of the domestic fowl induced by sexual maturity and shell 
formation. Gen Comp Endocrinol 76(2):322-9. 

Nys Y, Gautron J, Garcia-Ruiz JM, Hincke MT. 2004. Avian eggshell mineralization: 
Biochemical and functional characterization of matrix proteins. Comptes Rendus Palevol 
3(6–7):549-62. 

Pandalai S and Gay CV. 1990. Effects of parathyroid hormone, calcitonin, and dibutyryl‐cyclic 
AMP on osteoclast area in cultured chick tibia. Journal of Bone and Mineral Research 
5(7):701-5. 

Pastore SM, Gomes PC, Rostagno HS, Albino LFT, Calderano AA, Vellasco CR, Viana GdS, 
Almeida RLd. 2012. Calcium levels and calcium: Available phosphorus ratios in diets for 
white egg layers from 42 to 58 weeks of age. Revista Brasileira De Zootecnia 41(12):2424-
32. 

Pelicia K, Garcia E, Faitarone A, Silva A, Berto D, Molino A, Vercese F. 2009. Calcium and 
available phosphorus levels for laying hens in second production cycle. Revista Brasileira 
De Ciência Avícola 11(1):39-49. 

Rama Rao SV, Panda AK, Raju MVLN, Shyam Sunder G, Praharaj NK. 2003. Requirement of 
calcium for commercial broilers and white leghorn layers at low dietary phosphorus levels. 
Anim Feed Sci Technol 106(1–4):199-208. 

Rissanen JP, Suominen MI, Peng Z, Halleen JM. 2008. Secreted tartrate-resistant acid 
phosphatase 5b is a marker of osteoclast number in human osteoclast cultures and the rat 
ovariectomy model. Calcif Tissue Int 82(2):108-15. 



126 
 

Roland DA. 1988. Research note: Egg shell problems: Estimates of incidence and economic 
impact. Poultry Science 67(12):1801-3. 

Safaa HM, Serrano MP, Valencia DG, Frikha M, Jiménez-Moreno E, Mateos GG. 2008. 
Productive performance and egg quality of brown egg-laying hens in the late phase of 
production as influenced by level and source of calcium in the diet. Poultry Science 
87(10):2043-51. 

Saito H, Maeda A, Ohtomo S, Hirata M, Kusano K, Kato S, Ogata E, Segawa H, Miyamoto K, 
Fukushima N. 2005. Circulating FGF-23 is regulated by 1a,25-dihydroxyvitamin D3 and 
phosphorus in vivo. Journal of Biological Chemistry 280(4):2543-9. 

Saito T and Fukumoto S. 2009. Fibroblast growth factor 23 (FGF23) and disorders of phosphate 
metabolism. Int J Pediatr Endocrinol 2009:496514. 

Salas C, Ekmay R, England J, Cerrate S, Coon C. 2012. Determination of chicken body 
composition measured by dual energy X-ray absorptiometry. International Journal of 
Poultry Science 11(7):462-8. 

Sawyer A, Lott P, Titrud J, McDonald J. 2003. Quantification of tartrate resistant acid 
phosphatase distribution in mouse tibiae using image analysis. Biotechnic & Histochemistry 
78(5):271-8. 

Scheideler SE. 1998. Eggshell calcium effects on egg quality and ca digestibility in first- or 
third-cycle laying hens. The Journal of Applied Poultry Research 7(1):69-74. 

Scott T, Kampen R, Silversides F. 1999. The effect of phosphorus, phytase enzyme, and calcium 
on the performance of layers fed corn-based diets. Poultry Science 78(12):1742-9. 

Segawa H, Onitsuka A, Furutani J, Kaneko I, Aranami F, Matsumoto N, Tomoe Y, Kuwahata M, 
Ito M, Matsumoto M, and others. 2009. Npt2a and Npt2c in mice play distinct and 
synergistic roles in inorganic phosphate metabolism and skeletal development. American 
Journal of Physiology - Renal Physiology 297(3):F671-8. 

Shimada T, Hasegawa H, Yamazaki Y, Muto T, Hino R, Takeuchi Y, Fujita T, Nakahara K, 
Fukumoto S, Yamashita T. 2004. FGF-23 is a potent regulator of vitamin D metabolism and 
phosphate homeostasis. J Bone Miner Res 19(3):429-35. 

Shimada T, Yamazaki Y, Takahashi M, Hasegawa H, Urakawa I, Oshima T, Ono K, Kakitani M, 
Tomizuka K, Fujita T, and others. 2005. Vitamin D receptor-independent FGF23 actions in 
regulating phosphate and vitamin D metabolism. American Journal of Physiology - Renal 
Physiology 289(5):F1088-95. 

Silver J and Naveh-Many T. 2009. Phosphate and the parathyroid. Kidney Int 75(9):898-905. 



127 
 

Simkiss K and Taylor TG. 1971. Shell formation. Bell DJ and Freeman BM, editors. In: 
Physiology and biochemistry of the domestic fowl. 1st ed. New York: Academic Press, 
INC. 1331 p. 

Solomon SE. 1983. Oviduct. Freeman BM, editor. In: Physiology and biochemistry of the 
domestic fowl. 1st ed. New York: Academic Press, INC. 379 p. 

Squires EJ. 2003. Endocrine effects on animal products. In: Applied animal endocrinology. 
Wallingford, Oxon; Cambridge, MA: CABI Pub. 136 p. 

Stilborn HL and Waldroup PW. 1990. An evaluation of low-energy feedstuffs in diets for laying 
hens. Anim Feed Sci Technol 27(4):327-39. 

Stipanuk MH,. 2006. Biochemical and physiological aspects of human nutrition. Philadelphia, 
Pa.; Edinburgh: Elsevier Saunders. 

Suda T, Nakamura I, Jimi E, Takahashi N. Regulation of osteoclast function. - Journal of Bone 
and Mineral Research (6):869. 

Summers JD, Grandhi R, Leeson S. 1976. Calcium and phosphorus requirements of the laying 
hen. Poultry Science 55(1):402-13. 

Turner AS, Alvis M, Myers W, Stevens ML, Lundy MW. 1995. Changes in bone mineral density 
and bone-specific alkaline phosphatase in ovariectomized ewes. Bone 17(4, 
Supplement):S395-402. 

Vaananen HK, Zhao H, Mulari M, Halleen JM. 2000. The cell biology of osteoclast function. 
Journal of Cell Science 113(3):377-81. 

Van de Velde J, Vermeiden J, Touw J, Veldhuijzen J. 1984. Changes in activity of chicken 
medullary bone cell populations in relation to the egg-laying cycle. Metabolic Bone Disease 
and Related Research 5(4):191-3. 

Van Keulen J and Young B. 1977. Evaluation of acid-insoluble ash as a natural marker in 
ruminant digestibility studies. J Anim Sci 44(2):282-7. 

Weiss MJ, Henthorn PS, Lafferty MA, Slaughter C, Raducha M, Harris H. 1986. Isolation and 
characterization of a cDNA encoding a human liver/bone/kidney-type alkaline phosphatase. 
Proceedings of the National Academy of Sciences 83(19):7182-6. 

Williams J. 1962. A comparison of conalbumin and transferrin in the domestic fowl. Biochem J 
83:355-64. 

Winter H. 1958. PERSISTENT RIGHT OVIDUCTS IN FOWLS INCLUDING AN ACCOUNT 
OF THE HISTOLOGY OF THE FOWL'S NORMAL OVIDUCT. Aust Vet J 34(5):140-7. 



128 
 

Wyburn GM, Johnston HS, Draper MH, Davidson MF. 1970. The fine structure of the 
infundibulum and magnum of the oviduct of gallus domesticus. Experimental Physiology 
55(3):213-32. 

Yam L, Li C, Lam K. 1971. Tartrate-resistant acid phosphatase isoenzyme in the reticulum cells 
of leukemic reticuloendotheliosis. N Engl J Med 284(7):357-60. 

Yaziji H, Janckila AJ, Lear SC, Martin AW, Yam LT. 1995. Immunohistochemical detection of 
tartrate-resistant acid phosphatase in non-hematopoietic human tissues. Am J Clin Pathol 
104(4):397-402. 

Yosefi S, Braw-Tal R, Bar A. 2003. Intestinal and eggshell calbindin, and bone ash of laying 
hens as influenced by age and molting. Comparative Biochemistry and Physiology Part A: 
Molecular & Integrative Physiology 136(3):673-82. 

Zhang B and Coon C. 1997. The relationship of calcium intake, source, size, solubility in vitro 
and in vivo, and gizzard limestone retention in laying hens. Poultry Science 76(12):1702-6. 



129 
 

VI. APPENDIX 
 

 

 


