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Summary

Jo owder ta study lhe interrelationships of calciun (0.45 v 0.909). phospborus (0.40 vs. 0.707) and protein
(17, 20, 239), 2 X 2 X 3 factorial design was employed. A total of 480 bro:lers {Hisex-Hibro) aged 3 days were
fed the expermental diets for a period of 28§ days. Bady weighi pain, daily feed intake and feed clficiency were in-
vestigaled for the simple cifects, first order interaction and second order interaction of the dielary factors These effects
were also applied to boac ash retention, percent Ca in bone & ash. percent P in hone & ash, and protein utilizability.
Results were as tollows. 1) Fou body weight gain, simple clfects ol dietary leveis ol Ca, P. CP were found to be
significant (p <7 0.05). Body weight gain at 0909, Ca fcve. was improved as the dictary CP evels increased. For the
fecd intake, single effects of dietary levels of both P and CP weve feund (p < 0.05). Feed efficicncy was improved
as the dietary CP and P levels increased. Ca X P interacticn was found to be significant for body weight gain, leed
witake and feed clficiency (p < 0.05), hewever, Ca X P X CP inleraction effect was not foond. 2) Protein utilizability
decreased as the dietany CP level increased (p <2 0.0)). 3) 0909, (a in diet showed less bone ash retention than
0.45% Ca level. And. increasing the dictary P level resulied in increased bone ash retention. Increasing the dietary P
level resulted in increased bone Ca retent:on (p < .01) and incieaxed bone P retention {p < 0.05). Dietary CP levels
bad significant (p < 0.01) elfect on bone Ca retention exeept for 239, CP level. Increasing the dictary Ca level sesulled
i wider CaP rasic of bowne, bui increasing the distary P level resuhicd in narrower CaoP ratio of bone. 4. Ca x P
interaction effects were feund to be significant (p <X 0.01) far booe ash. bone Ca & P, ash P content, and bone Ca:P
ratio. Ca X P X CP interaction cffects were found for hone ash (p < 0.0)). bonc Ca (p < 0.05) and bone P
conlent (p < 0.01).
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1965a, b; [ritz et al, 1969 Word and Nelson,
1977 Woodard et al, 1979). Protein was also
known to affect calcium mctabolism (Fammatre

Introduction

Studies on calcium, phosphorus and vitamin

D in animal nutrition have been conducted by
many scientest since carly 1920°s, Calcium, phos-
phorus and vitamin [)  are discussed together
because they are closely associated with metabolism,
particulary, the formation of bone and satisfactory
growth (Scott et 4l., 1976; Bethke et al., (928 Hart
at al, 1930 Wilgas, 1931, McChesney and Giaco-
mino, 1945; Carver et al,, 1946; Migicovsky and
Emslie, 1947. Kim and Han, 1982a, b).

The most striking factors which affect calcium
and phosphorus putvition were found 1o be calcium
and phosphorus themselves and vitamin D (Bethke
et al., 1923; Nowotarski and Bird, 1943; Itoh and
Hanato, 1960; Qhh et al, 1982: Nelson et ai.,
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el al, 1977). Many studies on the calcium and
protein interrelationships  have been conducted
(Hawks ct al., 1942; McCanc ¢t al,, [942; Reinbard
et al., 1976). Also, studies on the phosphorus and
protein interrelationships have been conducted by
other scienlists (Howe and Beecher, 1981, Desi-
Kachar and Subrahmanvan, 1949).

In studies with growing and finishing swine,
Fammatre et al. (1977) reported significant nter-
action of protcin with calcium was found in feed
conversion. And, in studies with younp rat, Howe
and Beecher (1981) reported that increasing dietary
protein at the 0.35% phosphorus level slightly
increased phosphorus absorption, However, when
089 phospharns was included, increasing the
protein level of the diet decreased the calcium and
phosphorus absorption. There was an evidence that
the requirement for calcium increased as the levels
ol energy and protein of the diet were increased
{Edwards et al., 1960).
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This study was performed to investigate; )
calcium and protein interaction, 2) phosphorus and
protein interaction, and 3) calcium X phosphorus
¥ prolein nlerachion in broiler broilerss.

Materials and Methods

Experimental design

To investigate the interrclationship of dietary
calcium (Ca}, phosphorus (P) and protein (CP)
in the brotlers, an experiment was carvied out in
2 X 2 X 3 factorial design where 2 Jevels of
dietary Ca (043, 0.90%), 2 ievels of dietary P
(0.40, 0.70%), and 3 levels of CP (17, 20, 23%,
were involved. Treatments were compesed of (2
possible combinations of 3 factors with 4 replica-

tions for each (reatment.

Experimental animal, period and localion
Animals used in the present study were 3 days
old broilers (Hisex-llibro sirain) purchased from
Chunbo Hatchery Co. Feeding trial, chemical
analysis of experimental feeds and bones were
conducted in the Lahoratory of Nutnlion, College
of Agriculture and Life Science, Seou! National
Umiversity. Feeding trial lasied for 6 weeks,

Experimental dicts

Isocaloric basal diets were formulated t¢ include
17, 20, 237, of CP, respectively (table 1). Dictary
Ca and P levels weire adjusted with mineral mixture
containing limestone, phospharic acid and sand.

TABLE 1. FORMULA AND CHEMICAL CONMPOSITION OF BASAL DIETS CONTAINING DIFFERENT LEVELS OF CRUDE

PROTEIN

Dictary protein (%,

S o o 7 20 23 o

{ngredients {%):
Corn, vellow 72.48 60.69 48.86
Soybean meal 12.18 22.63 33.08
Coarn gluten meal S.00 5.00 5.00
Soybean ail 2.4 447 6.85
Fish meal 3.94 284 1.75
Limestane, pulverized 0.63 0.67 0.70
Methiunine (50<7%) 0.20 0.26 0.34
Lysine 0.16 0.14 0.12
Vit.-min. mixture' 0.40 0.40 0.40
Antibictics® 0.10 0.10 0.10
Salt 0.30 0.30 0.30
Variables® 2.50 2.50 2.50

Total 100.00 100.00 100.00

Chemical compaosition:
Energy (ME kcalfkg) 3,241 3,209 3,225
Crude protein (%) 16.87 20.23 229
Calcium (%) 0.47 0.46 046
Phosphcrus (%) 0.39 0.4] 042

' Vit.-min. mixture contains following in a kg; vitamine A, 2,000,000 11); Vitamin D,, 400,000 I1U; Vitamin E, 900 11,
Vitamin X, 200 mg; Thiamin, 100 mg: Riboflavin, 2,000 mg; Vitamin B, 200 mg; Vitamin B, 1,500 mg: Pantoth-

enate, 1,500 mg; Niacin, 2.000 mg; Folacin, 60 mp; Choline, 30,000 mg;

ron, 4,000 mg. Copper, 500 mg: Zinc,

9600 mg: fodine, 250 mg, Ceball, 100 mg: Dried yeast, 20,000 mg.

* Zinc-bacitracin was nsed.

3 Limestone., phosphoric acid and washed sand were mixed 1o adjust Ca and P levels.

Methads of experiments
Feeding trial; A day old broilers had been fed

ad-ithitum & preliminary diet and lap water unti
experimental diets were allowed. Three days old
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broilers were allotted into 48 groups of almost
equal average body weights (59 g); each of 48
groups were composed of 10 broiers. All the
broilers were fed ad-fibitum the experimental diets
and tap water for a period of 28 days after over-
night deprivation of feed., and were raised in steel
wire batlteries kept in the 24-hours lighted and
atr ventilated room. Body weight and feed intake
were recorded weekly to calculate body weight gain
and feed efficiency.

Metaholizability teial; To determine protein utili-
zability of experimental diets at the end of the
feeding trial, a metabolic trial was carried out [or
7 days in which the fiest 4 days were preliminary
and the last 3 days were set lor excrata collection.
Each broiler was individually housed in metabalic
cages and then the expenmental dict and water
were fed ad-fihitum. Excreta were collected three
fimes a day avoiding the contamination of foreign
materials such as feeds, feathers and then pooled
and dried in an air-forced drying oven at 65427
for 24 hours to gain constant dried weight. All
the excreta prepared in thts manner were pooled,
ground and analyzed for nitrogen. The prolemn
utilizability were calculated as follows;

Protein utilizability (%)

amount of excreta {g) X protein
content of excreta (%)

100 —

x 00

feed intake (g) X prolein content
of dict (%)

Bone sample preparation; Four broilers per
treatment were sacrificed for bone sample collection.
Tibia and femur were removed by soaking in hot
water for 3 to S5 minutes in order to facilitate
scaling, and dried in the air-forced drying oven
for 48 hoars at 60C. Dried bone werc ground
with Wiley Mill and conserved at freezing tempe-
rature for further analysis.

Chemical analysis

Ash, Ca and P contents of bones and the
proximate composition of the basal diet were
analyzed according to AQAC (1980) mcthods.
Nitrogen content ot excreta was undertaken by
Kjeldahl method.

Slatistieal analysis
Analysis of variance for the results obtained
from the present study were undertaken by PDP
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[1/70 computer system in order to evaluate the
effects of single factor, two-way interaction, or
threc-way interaction on the response variables
{Steel and torrie, 1960).

Results and Discussion

Body weight gain, feed inlake and feed efficiency

Analysis of variances for body weighth gain,
feed intake and leed efficiency were presented in
table 2. Significant increase in body weight gain
was observed as the level of either dietary P or
CP was mcreased. However, broilers received the
diet containing 0.909, Ca X 0.709 P showed the
highest weight gain whereas broilers fed 0.907, Ca
X 0.409% P showed the lowest weight gain. Low
P seetned to cause more severe growth retardation
than low Ca. There was Ca X P effect {(p <
0.01) for weight pain, which implied that optimum
Ca:P ratio is important for normal growth as
pointed out by Woodard et al. (1979).

At 0459 Ca X 0409 P or 0459% Ca X
0.70%, P, weight gain was betier for 209, CP than
239% CP. T'rom this result. it could be nferred
that Ca and P requirements increase as the level
of dictary CP increased. There was an evidence
that the requirement for Ca increased as the levels
of energy and CP of the diet are increased (Ed-
wards et al., 1960). But at 0.90% Ca x 0.40% P
or 0909 Ca X 0.70% P, body weight gain in-
creased as CP increased. Wassermen et al. (1956)
reported that dietary CP increased intestinal Ca
absorption, and this incrcase might be due to an
interaction of Ca with peptides or amino acids in
the intestine (Wassermen et al., 1956). Ca X P
X CP interaction for body weight gain was not
found to be significant.

Either dietary P or CP had affect on feed
intake {p < 0.05) On the whole, Ca levels failed
to affect feed intakc. Broilers received the diets
containing 045% Ca X 0409 ' showed the
highest feed intake. While broilers received the diets
containing 0.90% Ca X 0.40% P showed the lowest
feed intake. IDietary P Jevels had an influence on
feed intake (p < 0.05). These results were in good
agreement with (hose obtained by Nelson et al
(1965a) in which addition of Ca or P increased
feed consumption of animals offered insufficient
Ca and P. Feed intake tended (o decrease as P
level increased at 0.45% Ca. While feed intake
increased as P level tncreased at 0.90% Ca. There
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was a lendency that feed intake decreased at all
Ca and P level as CP level incrcased. Ca X P
interaction on feed intake was found to he sig-
nificant (p < 0.01), but Ca X P X CP interaction
(ailed to show significances.

Feed efficiency of the broilers fed on 0.45%
Cua was better than that of broilers fed on 0.90%
Ca. But feed cfficiency tended to improve as P
level increased regardless of Ca level (p < 0.05).
Vandepopuliere et al. (1961) reported that feed
cfficiency of chicks was improved as the P Jevel
was increased from 0447 to 0.58%. Also, Wald-

roup et al. (1963) reported that feed utilization
was improved with increases i body weight gain,
Present results were in good agreement with those
reported by Vandepopuliere et al. (1961) and
Waldroup et al. (1963). While Nelson et al. (196
5a, b) reported that deficient or excessive Ca level
depressed feed consumption. Feed efliciency was
not affected by dietary Ca levels, but feed efficiency
tended to improve as P level increased (p < 0.05
). Moreaver, feed efficiency improved as CP level
increased regardless of Ca and P levels (p < 0.0
S).

TABLE 2. BODY WEIGHT GAIN, FEED INTAKE, AND FEED EFFICIENCY OF BROILERS (28 DAYS)'

Treatments

Body weight

Feed intake Feed efficiency

Ca P cr gain (g/broiler) /broifer (g) (feed/gain)
0.45 0.4C 17 835.25 1.556.48 1.86
20 895.57 1,489.60 1.66
23 877.60 1,372.28 1.56
0.70 7 836.07 1,516.70 1.81
20 908.30 1.477.43 1.63
23 879.10 1.361.38 1.55
0.90 0.40 i7 686.82 1,325.53 1.93
20 659250 1,279.18 1.85
23 709.90 1.139.25 1.60
0.70 17 334.27 1.510.28 1.77
20 891.32 1,462.83 1.64
23 921.87 1.438.35 1.56
SEM* 2599 3824 0.04

Analysis of variance:

Cﬂ &% ok *
P %® K Hek OE
Ca X D # % *k *x
CP &% £33 *k
Ca x CP NS NS NS
P x CP NS NS NS
Ca X P X (P NS NS NS

' Average initial body weight was 59 £ [0 g
* Standard ¢rror of mean.
* p <005, * p < 061, NS snonsignilicant.

Protein utilizability and bone composition
Analysis of variances for protetn utilizability
and bone composition were depicted in table 3.
Protein utilizability was decreased as the dictary
Ca level was increased or as (he dietary P level
increased. Protein ulilizability at both Ca levels
was decreased us the dietary P level was increased.
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But broilers fed 0907, Ca > 7% CP showed
slightly improved protein utilizability as the dietary
P was increased. Vippermen et al. (1974) reported
that nitrogen retention was more affected by dietary
P level than by dietary Ca level, and that increa-
sing dietary Ca level withont increasing dictary
P level resulted in the decrease of nitrogen reten-



INTERACTION OF CA, P, CP IN BROILERS

tion. Increasing the dietary CP level resuited in
decrcased protein utilizability {p < 0.01). Protein

utilizability at the 0459, Ca X 0407, P x 17%

CP was highest.

TABLE 3. PROTEIN UTIL ZABILITY, ASH CONTENT OF BONE, BONE CA CONTENT, CA CONTENT OF BONE ASH,
BONE P CONTENT, P CONTENT OF BONE ASH AND BONE CA:P RATIQ QF BRCILERS'

Treatments Prciein Ash Bone Ca Ca content Bone P P content Bone

— — utihiza-  content of  content of bone conient of bone CaP

Ca ) P cr bility (%) bene (7 % ash (7 (%) ash (%) iﬁo
0.45 0.40 17 64.67 39.20 15.72 40.09 6.06 15.46 2.59
20 57.83 36.93 14.98 40.60 5.54 14.69 271

23 53.64 35.74 14.07 39.36 533 14.92 2.65

070 17 61.67 41.94 16.62 39.65 6.01 14.32 2,78

20 55.02 38.37 14.74 38.4¢ 5.60 14.60 2.63

23 52.46 36.)0 14.13 39.16 5.27 14.61 2.68

0.90 040 17 59.96 39.79 1541 38.74 5.58 14,04 2.76
20 59.75 33.22 1371 41.26 4.60 13.83 2.99

23 37.54 32.37 12.81 39.55 44) 13.60 2.91

0.70 17 . 60.83 40.58 16.16 3991 5.63 13.88 2.87

20 34.62 40.92 15.94 3898 6.18 15.14 2.59

23 48 .31 41.33 16.41 39.69 6.44 15.58 2.55

SEM! 1.38 0.96 036 0.24 0.18 0.20 0.04

Analysis of variance:

Ca NS NS NS NS NS H ]
'P * X Mok * % NS ¥ % NS NS
Cﬂ X ]’) NS £ ok NS *% *% *x
CP EE * % * % NS L2 * % NS
Ca X CP NS e NS NS e NS NS
P x CP NS *x NS NS dok * NS
Ca X P X CP NS . * NS *k NS NS

! Standard error of mean.
* p < D.05, ** p < 0.01. NS nonsignificanl.

Bone ash retention was not affected by dietary
Ca level, which was similiar to the reports by
Jensen and Marz (1966) and Vandepopuliere et
al. (1961) where adding Ca or P alone [ailed to
imprave hane calcification. However, dietary P
levels affected hone ash retention (p < 0.01).
Waldroup et al. (1963) reported that percent bone
ash retention was significantly increased when
the P level of the diet was increased from 0.48%
to 0.70%. The highest ash retention was observed
at the 0.70%, P level. This reveals thal increasing
dictary P level accelcraled bone ash retention rate.
Similar trend was found by Formica et al. (196
2) who indicated positive correlationship with
dietary Ca and P levels at the adequate Ca:P ratio.
Increasing P levels increased hone ash content at
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both high and low Cu level. This suggested that
the P level might be more critical than the Ca
level. Dietary CP leve] affected hone ash retention
(p < 0.01). Bone ash retention decreased as the
dictary CP level increased. Ca X P X CP inter-
action for bone ash retention was not found to
be significant (p > 0.05).

Ca relention in bone and Ca percentage in
ash were not significantly affected by the dietary
Ca level, although 0.90%, Ca lovel slightly increased
Ca retentiont in bone and Ca content in ash.
Dictary P levels affecied hone Ca retention in bone
but not P content in ash {p < 0.01). Increasing
the dietary P level resulted in increased Ca reten
tion in bone, and resulted in decreased Ca per-
centage in ash. Dictary CP levels affected Ca
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retention :n bene (p < 0.01), bhut not Ca content
in ash Increasing the CP level with either 0.459
Ca level or 0907, Ca level resulted in decreased
Ca retention in bone. Interacticn between dietary
Ca and P was found o be significant far Ca
retention in booe (p < 0.01). But Ca content in
ash was not found te he influenced by any factars.
Interaction of Ca, P and CP levels with the Ca
retention in kone was found to be significant (p
<. 0.05), bul not with the Ca percentages in ash.
At 040 and 0.70% P level with 0459 Ca level,
the dietary CP failed to influence Ca retention in
bane.

As the dietaty P level was increased. the hone
P content was increased regardless of Ca levels
{p < 0.05}. While, P pcreentage in ash was increa
sed as the dietary P level was increased (p <<
0.05) At the 0.45% Ca, bone P camtent slightly
mcreased only at the 209 CP level as the dietary
P Jevel increased. And ash P percentage was de-
creased as the dictary P level was increased. At the
0.60% Ca level, Fone P content was increased as
the dietary P level was increased. Dilwerth and
Day (!963) recported that increasing the dietary
P level resulted in increased P retention of tihia
and femur. Increasing the Ca level resulted in
decreased bane P ocontent (p < 0.05). Dictary CP
levels affected hone P retentian, and P percentage
i ash {p < 0.05). Ca X P interaction was founa
ta be highly significant for the baone P retention
and the P percentage in ash (p < 0.01}. Ca X P
X (TP interaction was found to he significant
(p < 0.01) for the bhane P relention, but not for
the ash P percentage.

0.90%, Ca widened Ca:P ratio of bone. How-
ever. the dietary CP levels did not affect this ratio.
The Ca:P 1atic was narrcwed as the dietary CP
level was increased. The widest CaP ratio was
ohserved with 20%, CP diet a1 0909, Ca. Bui
this ratio was slightly narrowed as the dietary CP
level ircrcased. With 0.909% Ca, narrow ratio was
observed at the 20 and 239 of dietary CP. This
ratio was widened at the 0.409% P level as the
dietary Ca level incressed. But this rafio was
narrawed at 0 70% P levels as the dietary Ca level
increased except for the 179, CP diet. The most
narraw ratia was found at 0.90% Ca and 0.70%,
P These results suggest that the ratio of Ca'P in
hone was aftected hy dietary ratio of Ca:P or
modified hy dietary CP level. And the present
results prehakly revealed that dictary CP o level

S8R

inflnenced the rate of P absorption and ccnse-
quently increases the rate of P relention more
than that of Ca retention in bone.

Literature Cited

AOAC. 980
Association
n.C.

Reibke, R. M., D C Kennard, €. H. Kick and G.
Zinzalian. 1928, The calcinm-phosphorns relationship
in the nutriticn ef the prowing chick Pealtry Sei
8:257-2685.

Bethke, R. M., H Steenhock and M T. Nelson. 1623, Fal
soluble vitaming. XV Calcium  and phosphorus
relations to growth and campasition of bleed and

3ol Chem

Officia’ Methed of Anpalysis  13th Ed.
of Analytical Chemisis. Washingios,

bone with varving vilamin intake. ).
871005

Carver. ). S.. R 1 Fvans and ). McGinms. 1946, Cal-
cium, phosphorus avd vitamm 13 interrelaticnstips
i the nutrition of growing chicks  Pouliry  Sci
23:264-297.

Desikachar. H. S0 R and V. Subrakmanyan 1649, The
level of pretein intake and the quality ef praten
on caleinm and phasphoris absorption. In. ). Med.
Res. 37:85-90.

Dilworth, €. B. and E J Day. 1965. Effect of varyvg
dietary ca'cinm: phaosphorus ratios on tibia and

femur composition of the chick. Poulyy Sci 44:
1474-1479.
Fdwards, H. M., W. S Dunahoo, 1 L. Carmoun and

H. 1. Fuller
fat confent of the 1ation on calcinm
Poultry Sci. 39 11R89-1394.

Fammaue, C. AL D. . Mahan, A. W. Fener. A. P
Grifc. Jr. and ). K. Judy. 1977, Elfect ol dielary
protein, calcium and phosphorus levels for growing
aud linishing swine. 1. Anim. S d44:65-71

Formica, S. ., M. T. Sm:h. M. M. Bacharch, W F
Davis and J € Fritz. 1962, Caiclum and  phes-
pherns cegquivemenits af grewing turkeys and chic-
kens. Peubiry Sei 41-771-775.

Fritz, |. C., T. Raberts, . W. Bachne and E. .. Hove.
196G, Factors elfecting the chicks requirement foy
phcsphorus. Poultry Sci. 48 307-320

Havt. E. B, H. T Scont, O. 1. Kline and } G Halpin.
93C The caleium-phosphorns ratio in the nutritian
ol growing chicks, Poultry Sc.. 9:296-106.

Hawks, J . M. M. Brav, M 0O Wilde ard M Dyce
1942 The inlerrelationship af calcinm, phosghoerus
and nitrogen in the metabolism ol pre-school
children. J Nutr 24:293.

Howe. J. 1. and G. R. Reecher. 1981, Effzct of dictary
prateir and phosphorns  levels cn calcium  and
phespharus metabalism of the young, fust growing
rat | Nuir. 111:708-720.

lich, H and T Hagato. 1960. Fffects af v:iiamin I and
Ca'P ratios an calcium etahalisim in the chick
Tokeku 1 Agr Res 11:357-369.

1960. Eftect ol pratein, epcigy and
utihzation



INTERACTION QF CA. P. CP IN BROILERS

S. and F R. Mraz. 1666, Fffect of chelating
agerts and Figh ieves af calcium and phospborus

lensen. 1.

an hane calcification in chicks fed isolated soy
pratein. 1. Nutr 89-471 474
Kim, §. K and 1 K. Han. 19%2a Siudies on the

nutrition of calcium and phaspharus in wonngastric

an'ma. 1. A study on the interactian al calciam,

phospherus and sale in the growth of hrailer chicks

Kaorcan | Anim. Sci. 24:23]-238

SO K. and 1. K Han. [982b Studies on ke

autrition of calcium and phospharus in mencgastric

Ifl. A sludy en the interavon al® calcium
phospherns and salt an 1le bone and klood cem-
passtians ol the grawing broiler chicks. Karean J.
Anim. Sci. 24:239-247

McCare, R. A, T M. Widdowsan ard H I chimann
1942 The eflect of prowin mtake an the absorplion
ol calcium and magnesium. Biockem. I. 36:6R6.

McChesaey, E. Woand N1 Giacemeeo. 1945 Stndics
ol calcium and phosphecus mctabolisim in 1he chick.
. Somc titne relationships n ihe action of vitamin
121 Nuwr. 29:229 235,

Migiccvsky, B. B and A. R G 1947,
tians af calcium, phosphorus and vitamin D, T
Influence of dictary calcem and phosphcorns an
hady weight and bone ash of chicks. Arch. hiceh-

12:179

S. DA Mlargus, W. Storer and A C.

1965h. The influence ¢l calcium er phas-
utilization by chicks.  Peuliry Sci 44-1508-

Kim,

animal

Emslic Interac

em.

Nelson. T
Walkcer
phatus
1513,

Nelson, T.S., D.A_Harville A.C. Walker. 1963a.
The effect of alternating 1he intake of cale:om and

and

phospherus on their ualizaticn hy chicks. Peorvliry
Sei. 44:1273-1278.
Nowertarski. 1S, and H. R. Bird. 1941 Dietary calcium
and phospherus levels and the vitamn D require-
went of the chick  Poultry Sei. 22:72-78
S ). 10 K Han and B. J. Chac. 1982, Studies on
the nutrition of calcium and phesphorus in mano-
gastric animal T A study on the relationship of
caicium, phasphorus and vitmnin Dy 1 breiler type

QOhh,

589

chicks. Korean 1. Anin. Sci 24:217-230).

Remhard. M K., D €. Mahan, B I. Wcrkan, |I. H
Clve, A W Fetier AP Grilo, Ir. 18746
Effect of increasing dietary protein level, calennm
and  phosphorus on  feedlor  performance,
meeralizatien  and  serum mineral values with graw-
ing swinc. J. Aniwm Sci 42:770-78C

acd

hone

Scott. M. T.. M. C Nesheim and R. ] Young. 1976
Nutrition of the chicken. 2nd Fd M. [.. Scott and
Assogciates. Ithaca. New Yark.

S1zel, R G D avd J H. Toree. 1960, Principles and

pracedures of stanstics  McGraw-Hill Back Com-
pany, Inc. New Yark

Vandepopuliere, 1. M., C B Ammerman and R. H.
Flaims 1961, The relationship of calcivm-phosph-
otus ratics 10 the wilization of plam and inorganic
phosphorus by the chick. Peuliry Sci. 40:951-957

Vipperman, P E Ir.. E. R Peo, Jr. and P. J. Cunuin-
eham. 1974, Elfcct of dictary calciom and phes-
pheres level upan calcivim, phaspbotus and nitrogen
halaxce i swine J Anim Sci. 38:758-765.

Waldraup, P W, C. B. Ammerman and R, H. Harms.
1963, Calcinm  and  phogphnrus
finishing breilers using phospharus saurces of low
and bigh svailability. Poultry Sci. 42:752-759.

Wasserman. R H., C. L. Comar and M. M Ncld.
1956 The influence of am:no acids and other
organic compounds on the gastro-intestinal aksor-
ption af calcium-45 and strontium-8 in ibe rat.
1 Nutr. 56:371-383.

Wilgus, H S Jr 1971, The quarlitalive requirements
af the grawing chick lor calcium and phosphorus
Pou'try Sci. 10:107-117

Woadard. A. E., P, Vohra, L Snyder and C. Kellerher,
Ir. 1979. Girowth rate ip three gallinacecns species
led diets jmbaanced in calcium. phosphorus and
protein. Poultry Sci. S8 687-693

Ward, S. W. ard T. S Nelson. 1877, Injlucnce of cal-
cium and gphespharus catios an the respanse of

inorgamic  sulfate. Nutr. Rept Int. 16

requirements ol

chicks to
G]7-620.



