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Nutrition of Calcium and Phosphorus in Poultry Diets

In, K. Han and Sang, J. Ohh

College of Agriculture Seoul National University

SUMMARY

Calcium and phosphorus are not only indispensable for the bone formation and

body fluids equilibrium but also are major components of egg shell. It is nutritionally
important, therefore, to investigate the metabolism of calcium and phosphorus and
to scarch for optimum requirement of calcium and phosphorus and the availability
of various sources of calcium and phosphorus by poultry. An attempt was made to
review the nutrition of calcium and phosphorus in poultry diets.

1.

Calcium and phosphorus have great interrelationship with vitamin D in their
metabolisms,

. Most of the plant-origin phosphorus are existing in phytic form and it leads to low

availability when used in poultry rations, although calcium and phosphorus present
in animal-origin or mineral supplements are highly available in general.

. Calcium and phosphorus requirement from existing information indicated that

1.0% calcium and 0.7% phosphorus for broiler and egg-type chicks, and 3.5%
calcium and 0.4% phosphorus for laying hen.

. It has been recommended that calcium and phosphorus level should be increased

when the feed intake was decreased or when the egg production rate was higher
or when the hens are old.

Mono-, di-, tri- calcium phosphate, calcium carbonate, bone meal, limestone and
oyster shell are the most readily available among various sources of calcium phos-
phorus supplements. Soft rock phosphate, defluorinated phosphate and gypsum
are somewhat inferior to the previous ones in bioavailability.
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6. The effect of particle size of calcium supplements on egg shell quality and egg

production rate is not yet clearly defined but recent works showed that oyster

shell is more available when it°was coarse and limestone is more available when

it was fine in particle.size.

7. Present data indicated that mixed feeding of oyster shell and limestone is superior

to the single feeding of each on laying performance.
8. Significant interaction between phosphorus and sodium was observed, that is,

excessive sodium decreased egg production in layer and body weight growth in

broiler in the low phosphorus diets but increased them in the high phesphorus

diets.
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Table 1 Effect of source of phosphorus on bone
traits of growing chicks

P. source Hard Soft NaH, PO, -
Col Bed
m ™ Wheat Wheat v H,0
Grain phosphorus, % 0.19 0.19 . 0.19 0.19 0

NaH, PO, -H,0
phosphorus, %
Total phosphorus, % 0.25 0.25 0.25 0.25 0.25
Tibia strength kg 1.05 2.28 2.90 2.57 4.9

0.06 0.06 0.06 0.06 0.25

Tibia ash, % 20.1 22.2 23.2 2.3 30.9
P. Availability, % 12 43 58 50 100
(Hayes and Cramwell, 1979)

3. @52 @ % HERIDS| FEMER
FEA WA Zgsk Ay o] &2
Dol 94g %AE 7Hxleh, dprior
D &= Aol A calcium- binding protein®] &4}
£ 59 Z49 BA RUKE 5714 7]l s(Wasser-
man3} Taylor, 1968; Hurwitz2} Bar, 1970) 9l
4= AN 22§ £} (Wassermans} Taylor,
1973; Soares¥-, 1977). ¥uk otz ¢l EbslD
£ Mo A5 Ut FEI QY YYdz9
fel & 2AEE Aoz g 3ok (Holicks,
1972). & wlEelal D= H4W 53 ol +F
€ dAsA KA Al L4AH el A4
Az AEH 23 e D Y F44 =&
E A3age] Holel Y A4Asdd vlale A
€ 4 v table 2 9 el
Eol 4 B uwel el d8 £F9 Za3t ]l
Fo] Fell4 wlebul Dol Fodell =k 4 A-gol
aA g4 & A S &+ dod, 59 Zes
Qe FAs &5 A% viERl Dy o FT4E
Fe S ZA JeldE & = dsh

o] glul

v} gbwl

Table 2. Body weight gain, feed intake and feed conversion in broilers fed different levels

of calcium, phosphorus and vitamin D, .

Z

Treatment Ca (%) 0.45 0.9

P (%) 0.35 0.7 0.35 0.7

Vit. D, )
ftoms (1U/ke) 200 400 0 200 400 0 200 400 0 200 400

Initial body weight () 74.3 74.2 742 742 741
694, 3
620.2
774.71 292.01 347.31 104.41 415.41 481.11 240.91 491.81 494.0
2.08

Final body weight (g) 436.6
Body weight gain{g) 362.3 695.8 745.4
Feed intake (g) 875.21 387.91 457.6
Feed/Gain 2.42 1.99 1.96 2.75

765.0 819.6 356.4

282.2

742 741 741 743 742 73.9 4.2
737.7 6017 7845 843.1 663.8 856.5 876.0
"663.6 527.7 710.4 768.7 579.7 782.6 80L8

2.03 2.09 199 193 2.4 1.91 1.86

(Han and Ohh, 1981)
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Table 3. Growing performance of starting
chick fed different levels of phosphorus

Treatments
m 0.44

Level of total phosphorus (%)

0.54 .63 0.72 0.8
Body wt. gain(g)  353.6 4251 4543 432.0 411.1
Feedintake(g)  1130.0 1146.9 1220.4 1168.8 1142.5
Feed/gain 291 270 269 2.71 2.78

(Han et al, 1980a)
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Table 4. Egg production, egg weight and feed efficiency fed different level of calcium

Level of calcium (%)

Item 1.75 2.25 2.74 3.25 3.75
Hen-day egg production (%)” 61.25" 68.46° 73.22°¢ 76.17°¢  76.91°¢
Av. egg weight (g) 61.09 60.80 61.29 61.08 61.38
Av. egg mass/hen-day (g) 37.42 41.62 44 .88 46.52 47.21
Feed intake/hen-day (g) 113.55 116.33 117.41 116.20 177.07
Feed/g. egg mass® 3.03° 2.80° 2.62°¢ 2.50¢ 2.48¢
Shelless egg production (%) 0.90 0.82 0.58 0.37 0.47
(Han et al, 1981b)
% Values with different superscript letters are significantly different at 5% level.
Table 5. Effects of calcium level upon egg production, feed consumption and egg quality in
laying hen
Calcium Calcium Feed con- Egg pro- Specific Shell Egg
content of diet consumed sumption duction gravity thickness weights
% . g/hen/day g/hen/day % mm g
2.5 2.78 11° 71° 1.082¢ 0. 368° 59
3.0 3.19 " 106° 68% 1.084°¢ 0.376™ 59
3.5 3.78 108* 70°¢ ' 1.085% 0.386° 59
4.0 4.35 109% 66 1.083°¢ 0.371¢ 59
4.5 4.79 106° 65° 1.084% 0.381%® 58
5.0 5.05 101° 64° 1.086° 0.386° 58

(Scott et al, 1971)

Numbers hot folbwed by same letter are significantly different (P (0. 05)
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Table 6. Egg production, egg weight and feed efficiency in laying hens fed different level of

phosphorus (21— 45wks)

Treatment
Trom 0.43

Level of wotal phosphorus (%)

0.53 0.62 0.72 0.81

Hen-day egg production (%) 85.2 84.3 85.7 85.5 84.4

~ Av. egg weight (g) 54.3 54.8 55.1 55.3 54.7

Av. egg mass/hen-day (g) 46.3 46.2 47.2 47.3 46,2

Feed intake/hen-day (g) 125.5 123.4 127.0 125.8 123.0
Gram feed/gram egg 2.711 2.67 2.69 2.66 2.66
Shelkss egg (%) 1.20 0.90 0.85 0.91 1.15

(Han et al, 1980b)

Table 7, Effects of calcium and phosphorus level on egg production in laying hens*
Treatment

\ Available  Production  Calories/ Uncollectable .

. Mortality
Calcium phosphorus (henday) gl egg eggs (hen day)

(%) (%) (%) (Keal) (%) (%)
2.75 0.35 80.5 6.99 4.0 4.3
3.75 82.1 6.72 4.3 6.4
4.75 79.9 6.81 7.5 5.7
3.75~2.75 82.0 6.74 5.9 8.6
3.75~4.75 80.1 6.73 5.2 7.1
2.75 0.45 81.3 6.85 5.1 7.1
3.75 79.7 6.88 4.1 7.1
4.75 79.2 6.81 6.6 6.4
3.75~2.75 82.2 6.70 3.7 6.4
3.75~4.75 81.6 6.69 6.0 7.9
Averag? 80.8 6.79 5.2 6.7
Coefficient of variation (%) 2.7 2.5

(Ousterhout, 1980)

% All data are from averages of averaged data for each 28-day period except

uncollectable eggs and mortality which are determined from totals per

treatment.

% % Metabolizable calories fed per gram of egg collected.
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Table 8, Calcium and phosphorus requirement of poultry (%)
. Calcium Phosphorus

Animals Phase 1971 1977 B71° 1977+
Starti hicke

Poultry Briing cmeten 1.0 0.9 0.7 0.7
(0~8weeks)
Growing chicken 0.8 0.6 0.4 0.4
(8 — 18weeks)
Laying hen 2.75 3.25 0.6 0.5
Breeding hen 2.75 2.75 0.6 0.5

(NRC :1971, 1977)

At least 0.5% of the total feed of starting chickens should be inorganic phosphorus.

A portion of the phosphorus requirement of growing chickens and laying and breeding
hens must also be supplied ih inorganic form.

animal product sources.

Minimum level of available inorganic phosphorus be provided by inorganic and/or

Table 9. Recommended practical level of calcium and phosphorus in feeds for chicken (%)
Starting Growing Laying Breeding
Ingredients chicks and chicks and
broilers broilers hen hens
Calcium 1.0 0.8 3.7* 3.7
Phosphorus, available 0.5 0.4 0.4 0.4

Recommended level for 2nd laying phase.

—-60—

(Scott et al, 1976)
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Table 10. Calcium and phoshorus content of feed ingredients

Phosphorus
Ingredient Caleium® Phytate % of total Phytic
phosphorus phosphorus acid**
(%) %) ' %)
Protein sources
Cottonseed meal, 50 % protein 0.20 71+10 0.92:+0.15 3.3
Cottonseed meal, solvent, 41% protein 0.15 70%7 0.75%0.09 2.7
Soybean meal, 50% protein 0.27 61% 5 0.371+0.03 1.4
Grains and grain by products
Corn 0.02 66+ 7 0.1740.02 0.6
Barley 0.03 56+ 5 0.1940.02 0.7
Milo ] 0.03 68+ 4 0.21+0.03 0.7
Oats, whole and rolled 0.06 89+ 4 2.4210.16 8.6
Wheat bran 0.14 707 0.96+0.11 3.4
Specialty
Alfslfa meal, 17% protein 1.4 0 0.01 0
Corn gluten meal, 41% protein 0.23 60£15 0.35+0.03 0.2
Corn meal, degermed - 69116 0.07£0.02 0.3
Isolated soybean protein 0.02 60+ 8 0.48+0.08 1.7
Other
Corn gluten meal, 60 % protein - 62 0.36 1.3
Distillers dried grains with solubles (corn) 0.17 43 0.33 1.2
Distillers dried solubles (corn) 0.35 7 0.10 0.4
Fermentation solubles {corn) - 59 0.65 ) 2.3
Hulled oats 0.13 78 0.35 1.2
Rice bran 0.07 86 1.44 5.1
Sesame meal 1.99 81 1.03 3.6
Soybean meal, 44 % protein 0.29 58 0.38 1.3
Wheat - 67 0.20 0.7
Wheat standard middlings 0.12 74 0.35 1.2
Animal origin®
Blood meal, vat dried 0.55 0.42
Casein,dried 0.61 1.00
Fish meal, menhaden 5.11 2.88
Meat meal 8.27 4.10
Skim milk, dried 1.28 1.02
Whey, dried 0.97 0.76
Y east, brewers 0.12 1.40
» NRC (1977) (Nelson et al, 1968)
=+ Expressed as free phytic acid
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Table 11. Calcium, phosphorus, sodium, fluoride, and selenium content of common mineral sources

. International Calcium  Phosphorus Sodium Fluoride - Selenium

Ingredient Feed No. %) %) %) %) {ppm)
Bone meal 6 —00-400 29 12.6 0.37° 0.05
Calcium carbonate 6 —01-069 38 0 0.02 0 1]
Fish meal, menhaden 6 —02-009 5.1 2.9 0.4 0.01 1.7
Limestone, ground’ 6 —02-632 38 0. 0.05 001 0.2
Meat and bone meal 6 -00-385 8.3 4.1 1.4 0.05 6.3,
Oyster shell 6 —03-481 38 0 0.2 0.29 0
Phosphate, curacao 6 —05-586 36 14 0.3 0.54 2.0
Plvosphate, defluorinated 6 -01-780 2 . 18 5.7° 0.16 1.4
Phosphate, dicalcium 6 —01-080 21 18.5 0.6° 0.14 0.2
Phosphate, mono + di, calcium 6 -0_1 -081 16 21 0.6° 0.20
Phosphate, soft rock 6 ~-03-947 17 9 0.1 1.2 0.3
Sodium chloride 6 —-14-013 0 0 39.2 0 0

(NRC; 1977)

& Some contain dif ferent sodium levels, Check with manufacturer.
b High calcium
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Table 12. Biological availability of calcium from various sources for the young chick

Relative availabilit,
Calcium source 24

Motzok® Hurwitz' Dilworth® Blair* Stillmak

% % % % %
Calcium carbonate 100 100 100 100 100
Limestone R 102
Dolomite
Gypsum ) 90 66
Bone meal 109
Low-F. rock 70 90
Soft phosphate 68
Defluorinated phosphate A 95
Defluorinated phosphate B 92
Tricalcium phosphate 115 .
Dicalcium phosphate 100 113 -
a Motzok, Arthur and B ranion (1965). d Blair, English and Michie (1965).
b Hurwitz and Rand (1965). e Stillmak and Sunde (1971).
¢ Dilworth, Day and Hill (1964).
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Table 13. Egg production, egg weight and feed efficiency as affeeted by the source of calcium

Treatment Oyster Limestone Calcitic
ltem - shell limestone

Hen-day egg production (%) 72. 82 74.20 74.05
Av. egg weight g) 61.28 61.42 60. 72
Av. egg mass /hen-day (g) 44.62 45.57 . 44.9%
Feed intake /hen-day (g) 118.06 117.65 114.55
Feed /5. egg mass 2.65 2.58 2.55
Shelless egg production (%) 0.63 0.47 0.59

(Han et al, 198la)

Table 14, Comparative biological value of inorganic phosphates in poultry

Biological value *

Reagent grade orthophosphates

Beta- tricalcium phosphate(anhydrous) -+ s s eessssesssssrnesssisssstsses tumera i ittt ettt s 100

Dicalcium phosphate( hydrated) ------ 110

Dicalcium phosphate( Anhydrous) «w-resssmsessessessersermsmminri ettt ettt s 90

Monocalecium pbosphnte( hydrated) »e=reseeeeseess tesreereserrsinreitiane Feseseesnasessatteestinensrnasresesanes srerereteritisarainee 113

Potassium phosphate monobasic( anhydrous) ++++109

Sodium phosphate monbasic( hydrated) «rersereresssertitmii st e 103
Feed grade phosphates

Dicalecium phosphate ..................... T T L T R PR Y PR TR PP 97

Dicalcium phosphates which also contain some

monocalciumphosphate ...................... rvree B R TR T T T R T P TR asereny I L LTI L Lo R R R LTI 105- 110

Defluorinated phosphates

Calcined +eeeeee seesavesaenenritereismasasrenanas T T Y R P T T TRy PP PRI R PP P e 04

Fused sreeevereees . 82

Precipitated, ..................................... T LT Ty T P T R )

Raw rock phosphates
Curacao Island phosphate
Tennessee brown rock -
Colloidal hoSphate +wstsssstmersesstsrsirsiares st s crstbe st ses s h s st b e a St S e e

Bone products
Steamed bone meal s«sesereresasesiinanniiiiiieiiiniitieiieni
Foreign bone meal ***
Spent bone char ‘o

84

BORE ABh <orrerererrtere et o e s L e s s sla e st e s s st s s st b e - 89
Pyrophosphates

@, B and 7 Caleium pyrophosphates ---s-sesersesstsessesremssrssruniunimessststes ittt st see b s et ()
Acid pyrophosphates

Calcium acid pyrophosphate +-eesessesmssismmmenanierenssrenens eeererenrara e e ae s st b ane ieeeeeerrereresasereartestesiinssenssserraens 60
Metaphosphates

£ and 7 Calcium metaphosphate s+ tessssmssesesssssimiare e e L LA A s

Vitreous calcium metaphosphate
Sodjum metaphosphate
Potassium metaphosphate -- .

Caleium phytate s=s=trereesstorssosmssetititienseir st escrss sttt st st

( Scott et al, 1976)
# Values based on bone calcification in chicks from each source of phosphate compared with beta- tricaleium phosphate,
which was assigned a value of 100,

% % Availability too low to rate with purified diet. With practical type diet the following values were obtained ! Tennessee
brown rock 25, colloidal phosphate 25, sodium metaphosphate28.
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Table 15. Feed consumption, egg production, egg weight and feed efficiency as affected by particle size.

T

—64 -

T reatment Oyster shell Limestone
[tem\ coarse medium fine coarse medium fine
Feed consumption 109.1 108.3 109.8 108.2 108.5 109.5
(g /hen /day)
Egg production 78.4 76.5 79.4 78.6 78.3 80.3
(g /hen /day) '
Av. egg weight 59.4 59.6 59.1 59.4 59.0 58.9
Feed efficiency 2.34 2.41 2.36 2.32 2.35 2.31
(Song et al, 1981)
Table 16, Effect of particle sizes of oyster shell and limestone on performance of laying hen
Final Egg Feed Feed Egg Mort - Poorly
body weight consumption  conver- produc- -~ ality shelled
T reatment .
wt (g /hen- sion tion % eggs
(ke) (g) day) (kg /doz) (%) (%) (%)
Ground limestone 1.97 59.0 108 1.73 74.8 8.4 4.0
Ground oyster shell 1.93 58.9 108 1.74 72.5 12.6 2.5
Coarse limestone 2.01 59.7 108 1.78 72.3 15.5 2.9
Pullet oyster 'shell 2.10 59.5 110 1.80 70.6 18.7 6.5
Hen oyster shell 2.03 59.0 110 1.78 74.3 L 171 4.9
% Hen -day basis (Miller and Sunde, 1975)
Adsede] v sl Ao R AT 2T g Table 17, In.ﬁuence of dietary Ca level and particle
o] AP I 9] =l Song3 (1981) of WEF = z'fzf?ci::cyp:;:e:;g esgigeproductuon, feed
X+ % H249 glaAEst ArkEdell vlzle ¥ Dietary Ca level, %
2 table15o} o] JEelktwl szl 43 A Flo Particle size 2.5 3.0 35 Mean'
AREY Aolst god 4HMe AE YAE %Eg prod. (hen fhoused)
Finely ground 63.1 62.9 63.7 63.9,
7} A& Abelgo] ol Medium ground 67.1 69.9 66.4 67.8,
Miller ¢} Sunde (1975)7F sl o 43 MH9 g Coarse ground 64.5 64.4 65.7 64.8,
A2l FH QPP AstE wblelgst sl d4 Chick bits 0.0 607 66.0 65.2,
g3 424 el ABFE e ol gdod, Hen' bits 8.3 63.7 64.9 85.0,
AHAL oA YAYFE A EAAS A2 Meart ®O 63 &
24% 4Usdel $4% A4 voln goh . o Tl e
Finely ground 2.05 2.21 .9 2.11,
Kuhl 5 (1977) & 4l& 9 fH4£3 JHTFEL 4 Medium ground 2.06 2.01 293 2.10,
Aol vl S 2AsHE 2 Asl: Coarse ground 2.18 2.18 2.10 2.15,
table173 e}, Boll4 Bl HE45(2.5~3.0%) . Chickbits 1%  2.21 2.0 2,08,
ol EHIE R JFEA Aol gglom 2eIF  Henbis 2B 15 20 26
AS YT Aol e 4RE Y 23S AT @ Moo B LA
: Egg wt., g
A=t Finely ground 634  62.5 62.3 62.8,
F2dol A AHY GAE R KFES o Medium ground 6.7 6.7 61.5 617,
g table183 ool | L3 A3 4ol A AR Coarse ground 62.2 63.2 61.9 62.4,
2] ztele glglon s AS qaEst oMY Chick bits 61.3 62.4 62.6 62.1,
A 4ggol g dmed 43549 At 9 ”e“;“s_ ‘;; g0 el 64
o o ean 3 62.2, 62.1,
:;i: A F& 24 2% w2 7 (Kubl et al, 1977)
Within each response parameter, main effect means not followed by the
HZE] A3 44 ELuwlal Y o same letter differ significantly (P{ 0.05)



Table 18. Effect of calcium sources, calcium particle size and calcium
level on broiler performance

Three week results

Calcium Rang.e in . Mean body wt., g Tibia ash, %
Particle size.
Source' U.S.B. S, 0.15% 0.45% 0.15% 0.15%
sieve, series Ca Ca Mean’ Ca Ca Mean’
Oyster shell 6- 8 221 326 273 26.9 33.8 30.4
Oyster shell 40-50 212 408 3 28.7 35.4 32.0°
Oyster shell 270 —Pan 224 394 309" 27.7 34.1 30.9°
Mean 219 376 298 27.8 34.6 31.1
Limestone 6~ 8 220 357 289" 26.9 34.2 30.5
Limestone 40-50 200 353 277 28.2 35.5 318"
Limestone 270-Pan 229 390 310" 27.4 35.1 3.3
Mean 216 367 292 27.5 34.9 31.2

1. No significant differences due to calcium sources.

(McNaughton et al, 1974)

2. Means within a column and without a common superscript are

significantly different (P ( 0.05).

Table 19. Effect of substituting limestone with

oyster shell on eg€ production and

egg shell strength in laying hen
Ege  Shell strength
Treatment Feed /hen /day

Production  Ist mo. 2nd mo,

g % kg kg

All ground limestone 94 58.4 278 274

All ground oyster shell 93 59,4 2.8 2.8

1/3 oyster shell +2/3 g4 66.2 2.1 2.66
11 mestone

2/3 oyster shell +1/3 98 66.1 2,9 2.1
limestone

(Scott et al, 1974)

Table 20. Effect of sodium and phosphorus level
on egg production(%)

Na treatment P level (%)

i o0 Mean
0.35% Nacl 67.5 70.0 68.7
1.40% Nacl 65.0 74.7 69.8
0.35% Nacl +1.50% NeHCO, 59.0 76.9 68.0
Mean 63.8 73.9
(P{0.01) (Choi et al, 1981)

Table 21, Effect of sodium and phosphorus level on growing performance in broiler chicks

Treatment
Teatmen P level(%) 0.40 0.70 1.40
Item Na level(%) 0.15 0.45 0.15 0.45 .0.15 0.45
Body wt. gain(g) 455.2 468.1 636.2 580.2 '529. 4 584.2
Daily feed intake(g) 30.7 29.6 40.2 38.5 34.2 35.6
Feed efficiency 1.89 1.77 1.77 1.86 1.81 1.71
( Kim, 1981)
T7F o] o] R £l M E H24E ELI} 2 ELT Ask Aukgo]l 2A FgA4sderd A
| 2 o] ggo] v FrlEle Aoz dAm gl o] ZAxole A3ld T, AL, ELT3 Ao

c}, Scott%(1971) o) s E=} 43149 Ego]
IR 9 GRRRS] Hel vlAle 9L 24kt ule
table]192} Z+u] s Ex M4 & 112, 211

7} slgd =},
Atz Nag) S 458 EREel dig 2
AR sl Qo] 22 WA gdEs|Hen 5



1981c. ol AFE Y H{k#E W Nag) Kifge] AtdF
Qo wAle FYE 24 whe wble2st Reh,
HEellA nad e ¢F) W& Tol4d& Nag| F
e e WFE T4 AREe] 43y A9 F
AqFol =& ¥l Nag| FoAd4EE & T
4 apkgel 4, & 429 Nag) $=
7t ES 75 B FAEFE 7404 = Ao
st shek. Nash 459 HEERES L2yl
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