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INTRODUCTION 

Wicke (1856) compiled the relative amounts of major minerals 

in the avian egg. The greatest part of the minerals in the egg yolk is 

associated with organic matter, with a small proportion in inorganic 

form. Minerals are essential components of the protoplasm of all 

living cells, and the presence of minerals in the dissociated form is 

important in regulating the water balance between the various parts of 

the egg and the chemical reactions that take place in the body fluids 

, and tissues of the developing embryo. The yolk serves as a source of 

many of the minerals used in the formation of various embryonic tis -

sues. Approximately 90 percent of the phosphorus is present in the 

yolk; therefore, the yolk serves as almost the sole source of this 

element for embryonic development (Romanoff and Romanoff, 1949). 

The shell contributes the major portion of the calcium needed for 

embryonic development. Most of the phosphorus in the yolk occurs in 

the organic combination, principally in phospholipids and phosphopro-

tein (Romanoff and Romanoff, 1949). During embryonic development, 

much of the organic phosphorus is utilized for bone development 

(Plimmer and Scott, 1909). 
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The early work on the separation of the various phosphorus-

containing compounds in the egg reported only group classifications of 

phosphorus compounds (Plimmer and Scott, 1909). Later work has 

been concerned with the phospholipid composition of the egg (Kugl-er, 

1936), and little work has appeared on the transformations of phosphorus 

which occur during the development of the embryo. A part of this study 

was, therefore, concerned with the utilization of phosphorus by the 

chick embryo during embryonic development. 

After hatching, the chick must depend almost entirely on the 

diet for essential minerals. Wheeler (1903) was the first to show that 

better growth and egg production could be obtained by supplying an 

inorganic mineral supplement to poultry diets. Bruce and Callow (1934) 

reported that phosphorus in grains and vegetable protein feedstuffs 

occurred in the form of inositol hexaphosphoric acid, and had a low 

. availability when fed to some animal species. Since that time, many 

studies have been conducted on the mineral needs of poultry, and a 

large amount of information has been established, probably exceeding 

that for any other domestic animal. The work dealing with phosphorus 

in poultry nutrition was adequately reviewed by Motzok (1956). 

Recently, it has been shown that a wide divergence exists 

between results based on growth rate and those based on bone ash data 

as criteria for evaluating phosphorus requirements and sources for 



poultry (Motzok, 1956). Since a relationship undoubtedly exists 

between growth rate and bone ash formation, a portion of this work was 

devoted to the study of the effect of dietary phosphorus level on these 

two criteria under several dietary conditions. 

Conflicting reports continue to appear in the literature concern

ing the phosphorus requirement of mature birds. Total phosphorus 

requirement has been reported by Miller and Bearse (1934) to be 0.8 

percent of the diet, while O'Rourke et al. (1954) placed the phosphorus 

requirement of the laying hen at 0.3 percent of the diet. Other workers 

have established the phosphorus needs of laying hens at levels between 

these extremes. Studies were therefore initiated to determine the min

imum phosphorus level for normal performance of laying hens housed 

in floor pens and in individual wire cages. 
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PART 1 

UTILIZATION OF EGG PHOSPHORUS BY THE 
. DEVELOPING EMBRYO 

Introduction 

The fertilized egg constitutes an isolated system which, except 

for respiration, remains isolated until the time of hatching, therefore 

providing an opportunity to study the egg and developing organism with

out interference from supplementary nutrition. 

Earlier studies by Plimmer and Scott (1909) compared the phos

phorus distribution in the body of the chick at hatching with that of the 

unincubated fertile egg and with the chick embryo at two different stages 

of incubation. A broad classification of phosphorus compounds exchanged 

during incubation was made with no attempt to determine the types of 

phospholipids found in the ether extract. 

Riddle (1916) determined the composition of the residual egg 

yolk on the twelfth and nineteenth days of incubation and reported that 

phosphatides were utilized more rapidly than neutral fats after the 

twelfth day of incubation. Kugler (1936) indicated that phospholipid 

4 



metabolism in the incubated egg reached a peak between the fifteenth 

and seventeenth day of incubation. 

Subsequent information obtained on the phospholipid fractions 

by Wittcoff (1951) indicated that 30 percent of the total phospholipids in 

egg yolk was lecithin and 70 percent cephalin; however, Kaucher and 

Galbraith (1943) reported 72 percent lecithin, 25 percent cephalin, and 

2.5 percent sphingomyelin. Later work by Tsuji et al. (1955) has shown 

that lecithin constitutes 78 percent of the phospholipids of the egg yolk. 

Rhodes and Lea (1957) determined the total phospholipids in egg yolk 

as a percent of the total phosphorus present and found 72.8 percent 

lecithin, 15.0 percent cephalin, 2.5 percent sphingomyelin, 5,8 percent 

lysolecithin, and 2.1 percent lysocephalin and traces of inositides and 

plasmologens. 

This study was planned to determine the utilization of phosphorus 

by the chick embryo at various stages of incubation. 

Experimental Procedure 

Fractionation of the Unincubated Fertile Egg -

Twenty-five fertile eggs less than 24 hours old were fraction

ated according to the scheme in Table 1. The egg contents (vitellene 

membrane, yolk, and albumen) were homogenized and extracted three 

times with two liters of acetone"'" at 0° C. The extract was filtered and 

* J. T. Baker Chemical Co., Phillipsburg, N. J. 
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Table I. Partitioning of Egg Phosphorus.-

Twenty-five eggs extracted with 
acetone at 0° C. and filtered 
(repeated twice 

Residue (R 1): Extracted for 
30 minutes at 0° C. with 1 liter 
of methanol-chloroform (1:1, v/v), 
filtered, and washed (repeated 
once), 

Extract (El): Volume 
reduced and analyzed 
for total phosphorus. 

Residue (R 2): Air dried for 8 
hours, followed by drying in oven 
65° C. for 24 hours. Ground to 
pass a 60 mesh screen. 

One gram R 2 extracted with 
10% trichloroacetic acid (TCA) 
for 1 hour 

Extract (E 2): Evaporated to dryness 
and diluted to 1 liter with methanol-
chloroform (1:1, v/v). « 

40 ml. aliquot chromatographed 

Residue (R 3): Digested 
with HNOg - HCIO^ 

mixture and analyzed 
for total phosphorus. 

Choline containing phospho
lipids (E 3): (crude "lecithin") 
chromatographed on silicic 
acid. 

Trichloro
acetic acid 
Extract 4) 

Noncholine contain
ing phospholipids 
(E 4): (crude cepha-
lins) chromato
graphed on silicic 
acid. 

Lecithin(E 5) 

(R 5): Suitable 
aliquot used to 
determine in
organic phos
phorus. 

(R 6): Suitable 
aliquot used to 
determine acid-
soluble phos
phorus. 

Lysolecithin and 
sphingomyelin 
(E 6) 

Cephalin 
TE7) 

Lyso-
cephalin 
(E 8) 

Sphingomyelin (E 9) 
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concentrated in a flash evaporator to a volume of 500 ml. The acetone 

extract contained water, neutral fats, sterols, pigments, and some of 

the water soluble proteins. This fraction (El) was analyzed for total 

phosphorus by the method of Pons and Guthrie (1946). 

• Following acetone extraction, the residue (R 1) was extracted 

by shaking for 30 minutes at 0° C., with one liter of a methanol-chloro

form* mixture (1:1, v/v) and filtered as above. This was repeated 

once and the combined extracts E 2 were evaporated to dryness under 

reduced pressure. The crude phospholipid (E 2) fraction was then 

diluted to a known volume with the methanol-chloroform mixture (1:1, 

v/v) to prepare the sample for chromatographic separation on alumina. 

Total phosphorus concentration of fraction E 2 was subsequently deter

mined by the method noted earlier. 

A quantitative elution of the crude "lecithin" fraction (E 3) to

gether with recovery of the crude "cephalin" fraction (E 4) was obtained 

as follows: Aluminum oxide (135 grams Baker Analyzed Reagent) was 

repeatedly stirred with a methanol-chloroform mixture (1:1, v/v) and 

the supernatant liquid decanted until all fine material had been removed; 

the slurry was then poured onto a glass-wool plug in a 1.5 cm. diameter 

glass tube (Rhodes and Lea, 1957). A 40 ml. aliquot of the phospho-

lipid-containing fraction (E 2) and containing 133.0 mg. of phosphorus 

1 
Mallinckrodt Chemical Works, St. Louis, Mo. 
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was applied to the column and elution was commenced, using the 

methanol-chloroform mixture after the walls of the tube had been washed 

down. The choline-containing phospholipids were recovered quantita

tively in the first 400 ml. of eluate (E 3, Table 1). The retained phos

pholipids not containing choline (E 4) were then eluted with an ethanol-

chloroform-water mixture (5:2:2, by volume). The rate of flow through 

the column was 10 ml. per minute for the first solvent and 2 ml. per 

minute for the second. 

Fraction E 3 was checked for the presence of free amino nitro

gen by the method of Lea and Rhodes (1955) as a test of the presence of 

noncholine nitrogen containing compounds. Fraction E 4 was analyzed 

for choline by the method of Entenman et al. (1944) to determine whether 

all choline-containing compounds had been eluted in the first 400 ml. of 

eluate. Rhodes and Lea (1957) reported that the lecithin and cephalin 

fractions eluted from an alumina column showed evidence of slower 

moving phospholipids corresponding to lyso-compounds. This finding 

was noted in this study as evidences by the abnormal ester-phosphorus 

ratio as determined by the method of Rapport and Nickolas (1955). 

A silicic acid column was subsequently used to remove lyso-

compounds and sphingomyelin from the crude "lecithin" and "cephalin" 

fractions (E 3 and E 4, respectively) according to the precedure of 

Rhodes and Lea (1956). Aliquots containing phosphorus concentrations 



greater than those recommended by the authors were applied in this 

study and found equally satisfactory. Twenty-four grams of silicic acid 

(Mallinckrodt) were mixed to a thin slurry with 50 ml. of methanol-

chloroform (30:70, v/v) and poured onto a glass-wool plug in a 2.2 cm. 

diameter tube while a slight vacuum was being applied. After washing 

with an additional 50 ml. of the solvent mixture, the level of the liquid 

was allowed to sink to the surface of the adsorbent. An aliquot of the 

choline-containing phospholipid fraction (E 3) equivalent to 30 mg. of 

phosphorus was added to the column. An additional 5 ml. of solvent was 

then used to wash down the walls of the tube prior to elution. A flow 

rate of 2 ml. per minute was maintained by the application of vacuum. 

When the phosphorus concentration in the effluent had declined to nearly 

zero, the solvent was changed to a methanol-chloroform-water mixture 

(70:25:5, v/v) to remove the more strongly held lyso-lecithin and 

sphingomyelin. This procedure was repeated using suitable aliquots 

(15 mg. P) from the noncholine phospholipid containing fraction (E 4). 

All diacylglycerophospholipids from fraction E 3 (Table 1) were 

obtained in the first 900 ml. of eluate, while all diacylglycerophospho

lipids from fraction E 4 were obtained in the first 200 ml. of eluate. It 

should be noted that prior to the addition of fractions E 3 and E 4 to the 

silicic acid column, they were passed through an ion exchange column 

containing a sulphonated polystyrene (Dowex 50W-X 8) to remove any 
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free amino acids from these fractions, as recommended by Rhodes and 

Lea (1957). Fractions E 3 and E 4 were thus separated into fractions 

E 5, E 6, E 7, and E 8 (Table 1). 

Fraction E 5 (lecithin) was analyzed for total nitrogen by the 

method of Kirk (1950), total phosphorus by the method of Lea and Rhodes 

(1955), and esters by the method of Rapport and Nicholas (1955). The 

The nitrogen:phosphorus; amino nitrogen:phosphorus; and estertphos-

phorus ratios were calculated and used as criteria for the presence of 

lecithin in fraction E 5, its relative concentration, and homogeneity. 

The presence of lysolecithin in the fraction E 6 was demonstrated by 

the reaction with phospholipase B. This enzyme is specific for lyso-

phospholipid compounds, the presence or concentration of which is a 

function of the decrease in ester content following incubation of lyso-

phospholipids containing substrates with this enzyme (Shapiro, 1953). 

Phospholipase B was prepared from Penicillium notatum^ according to 

the method of Fairbairn (1948) and was used to determine the distribu

tion of lyso-phospholipids in fraction E 6. Nitrogen:phosphorus; amino 

nitrogen:phosphorus, and ester:phosphorus were used to characterize 

this fraction. A separate aliquot of fraction E 6 was used to determine 

sphingomyelin phosphorus by the method of Schmidt et al. (1946). 

* Obtained from the Department of Bacteriology, University of 
Arizona, Tucson. 
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As noted earlier, separation of the noncholine-containing frac

tion (E 4) on a silicic acid column yielded fractions E 7 and E 8, contain

ing cephalin and lysocephalin, respectively. The relative concentration 

and homogeneity of these compounds in each respective, fraction was 

determined by methods similar to those used for lecithin and lyso-

lecithin determinations in fractions E 5 and E 6. 

Residue R 2, containing the substances left after extraction of 

R 1 with methanol-chloroform (removal of phospholipids), was frac

tionated to further partition the phosphorus into inorganic, acid soluble, 

and protein bound phosphorus. 

The phosphorus concentration of residue R 2 was determined 

after which time a sample of this residue was extracted with 10 percent 

trichloroacetic acid for one hour and yielded residue R 3 and extract 

R 4. The residue R 3 (Table 1) from this fraction was digested and 

analyzed for total phosphorus. Protein and nucleic acid bound phosphorus 

was found in this fraction. A suitable aliquot of the extract R 4 was used 

without digestion to determine total inorganic phosphorus (R 5) by the 

isobutyl alcohol method previously described. Another aliquot of R 4 

was digested and total acid soluble phosphorus determined (R 6). 

Fractionation of the Incubated Egg 

Eggs were incubated for 8, 12, and 16 days; removed from the 

incubator; broken; and the embryo separated from the egg contents, 
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including the amniotic and chorionic fluids. Samples not used immed

iately were quick-frozen (acetone and dry ice) and retained until needed. 

On the eighth day of the incubation period, 290 embryos were separated 

from the egg contents; however, only 35 of the egg-content samples 

were retained for analyses due to the large volume obtained. Thirty-

five embryos and egg-content samples (combined) were used on the 

twelfth day of incubation, and twenty were used for the 16-day samples. 

Both egg contents and embryo samples were treated in the same man

ner as the unincubated egg described above. 

Recovery Studies 

Standard phosphatidyl choline* (113 mg. phosphorus), prepared 

from egg yolk, and phosphatidylethanolamine* (20 mg. phosphorus), pre

pared from beef heart, were dissolved in 40 ml. of methanol-chloro

form mixture (1:1, v/v). This mixture, having approximately the same 

phosphorus ratio as in the egg, was passed through an alumina column, 

and a quantitative recovery of the phosphatidyl choline free of amino 

nitrogen was obtained, while the recovery of phosphorus in the phos-

phatidylethanolamine fraction corresponded to 94-97 percent of the 

cephalin applied, thus indicating almost little or no loss during chroma

tography. 

* Nutritional Biochemical Corp., Cleveland 28, Ohio. 



When this standard was applied to the silicic acid column, 

impurities in the form of lysolecithin and sphingomyelin were found 

amounting to 2.70 percent of the lecithin applied. Impurities were also 

found in the cephalin fraction in the form of lysocephalin amounting to 

0.4 percent of the cephalin applied. The pure lecithin sample corre

sponding to E 5 (Table 1) was rechromatographed on a silicic acid 

column and was recovered quantitatively in the first 900 ml. of eluate, 

indicating that the lyso-compounds found in this sample had not been 

produced by hydrolysis on the column. One unincubated egg sample 

was also rechromatographed and results similar to the above were 

obtained. 

At each step in the fractionation procedure, a phosphorus bal

ance was calculated in order to account for all the initial phosphorus 

at each step. 

A known amount of phosphorus was added to a one gram sample 

of residue (R 2) and extracted with trichloroacetic acid for one hour. 

A recovery of 99.2 percent of the added phosphorus was obtained with 

the inorganic phosphorus method. 

Results and Discussion 

Identification of Various Phospholipids 

Phospholipid phosphorus applied to the aluminum oxide column 

was recovered in good yields (Table 2) for both yolk and embryo. For 
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Table 2. Distribution of To'tal Phospholipid Phosphorus from Fraction 
E 2 Following Separation on Alumina Column. 

' Crude ' Crude ' Total 
Period ' Lecithin (E 3) ' Cephalin (E 4)' Percent Phos. in 

of ' Phosphorus ' Phosphorus ' Crude Cephalin 
Incubation T in Fraction as ' in Fraction as ' and 

(days) ' Percent Applied' Percent Applied' Crude Lecithin (days) 
1/ 1/ 

Egg Content 

0 79.55 20.02 99.57-

8 79.04 19.91 98.95 

12 78.86 21.38 100.24 

16 89.96 8.97 98.93 

Embryo 

8 , 72.40 27.71 100.11 

12 78.30 20.53 98.83 

16 85.20 13.79 98.99" 

^ Calculations based on 133.0 mg. phosphorus in the phospholipid 
aliquot used for chromographic separation. 



the unincubated egg, 20.02 percent of the phosphorus applied appeared 

in the crude "cephalin" fraction while 79.55 percent appeared in the 

crude "lecithin" fraction; The ninhydrin reaction applied to the crude 

"lecithin" fraction indicated less than 0.1 percent phosphatidylethanol-

amine in any sample, and no trace of choline ̂ containing phospholipids _ 

were found in any of the crude "cephalin" samples. 

Results of analyses used to identify the lecithin (E 5) and lyso-

lecithin and sphingomyelin (E 6) from the crude "lecithin" fraction (E 3), 

and cephalin (E 7) and lysocephalin (E 8) from the crude "cephalin" 

fraction (E 4), are given in Tables 3 and 4, respectively. Nitrogen: 

phosphorus ratios in all cases were very close to unity for the lecithin, 

cephalin, and lysocephalin fractions (E 5. E 7, and E 8), indicating 

that all compounds contain one nitrogen and one phosphorus atom per 

molecule. The nitrogen:phosphorus ratio of fraction E 6 (Table 3) was 

found to range from 1.27 to 1.42, indicating the presence of compounds 

containing more than one nitrogen atom per molecule. This is probably 

due to the presence of sphingomyelin in this fraction. The small amino 

nitrogen:phosphorus ratio found in the lecithin fraction (E 5) possibly 

indicates the presence of a small amount of cephalin in this fraction. 

No amino nitrogen was found in the lysolecithin fraction (E 6) from 

either the unincubated egg or the egg contents exclusive of the embryo 

after incubation. Ester:phosphorus ratios were found to be approxi

mately two, ranging from 1.97 to 2.03, for the lecithin (E 5) and cephalin 



Table 3. Identification of Choline-containing Phospholipids in the Unincubated Egg and at Various Stages 
of Incubation. 

Lecithin (E5) Lysolecithin and Sphingomyelin (E 6) 
r  

Period ' 
of ' 

Incuba- ' 
tion ' 
(days) ' 

t  

N:P 

t  

T  

Amino 
N:P 

? 

T  

' Esters: P 
t  

1  

! 

N:P 

t  

f  

, Amino 
N:P 

f  

T  

' Phospho- 1 

' lipase B ' 
'Hydrolysed ' 
' Esters: ' 
' Total ' 
' Esters ' 

Esters: P 

Egg Content 

0 1.01 0.001 2.01 1.34 0.00 0.72 0.79 

8 1.02 0 . 0 0 0  2.00 1.42 0.00 0.69 0.82 

12 1.00 0.001 2.03 1.38 0.00 0.69 0.71 

16 1.03 0.002 2.01 1.27 0.00 0.74 0.76 

Embryo 

8 1.03 0.001 2.03 

12 1.03 0.003 2.03 — — — 

16 1.00 0 . 0 0 0  2.00 



Table 4. Identification of Noncholine-containing Phospholipids in the Unincubated Egg and at Various 
Stages of Incubation. 

Cephalin (E 7) Lysocephalin (E 8) 

Period 
of 

Incuba
tion 
(days) 

Egg Content 

0 

8 

12 

16 

Embryo 

8 

12 

16 

N:P 

1.00 

1.04 

1.03 

1.04 

1.04 

1.00 

1.04 

Amino 
N:P 

1.00 

1.01 

1.00 

1.03 

1.01 

1.03 

1.03 

Esters: P 

2.00 

1.97 

1.99 

2.03 

2.00 

1.99 

1.99 

N:P 

1.01 

1.00 

1.03 

1.06 

Amino 
N:P 

1.02 

1.03 

0.99 

1.04 

Phospho-
lipase B 

Hydrolysed 
Esters: 
Total 
Esters 

0.69 

0.68 

0.76 

0.72 

Esters: P 

1.26 

1.30 

1.22 

1.19 



(E 7) fractions (Tables 3 and 4). Presence of lysolecithin (E 6) and 

lysocephalin (E 7) in the egg contents were demonstrated by the reaction 

with phospholipase B. The esters hydrolysed by phospholipase B to 

total ester ratio ranged from 0.69 to 0.74 for the lysolecithin fraction 

(E 6, Table 3) and 0.68 to 0.76 for the lysocephalin fraction (E 7, Table 

4). The total sphingomyelin phosphorus was found to be 26.62 percent 

of .the phosphorus present in E 6 from the unincubated egg contents com

pared to values which ranged from 28.13 to 15.12 percent sphingomyelin 

phosphorus in E 6 from the various incubated egg content samples. 

Ester values obtained on fraction E 6 indicated a lysolecithin content of 

60.3 to 51.1 percent for this fraction. These values did not account for 

all the phosphorus present in this fraction; the discrepancy was probably 

due to inaccuracies inherent in the ester method. The ester:phosphorus 

ratio for fraction E 8 ranged from 1.19 to 1.30 (Table 4). The lyso

cephalin content thus accounted for 87.7 percent of the phosphorus in 

this fraction. The phosphorus not accounted for was probably in the 

form of inositides. 

Utilization of Phosphorus by the Embryo 

Analyses of the combined egg contents (yolk and albumen) from 

unincubated eggs for total phosphorus gave an average value of 116.4 

mg. per egg, of which 5.8 mg. per egg was found in the albumen. 
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The phosphorus content of the acetone extracted fraction (E 1) 

was found to be 0.51 mg. per egg for the unincubated egg (Table 5), 

while the egg contents from the incubated eggs ranged from 0.56 to 

0.73. The same fraction from embryos contained from 0.01 to 0.03 mg. 

per embryo for the various samples. The phosphorus in this fraction 

has been shown by Rhodes and Lea (1957) to be due to small amounts 

of phospholipids extracted by acetone. This phosphorus in the unincu

bated egg samples constituted only 0.42 percent of the total phosphorus 

present in the egg; therefore, no attempt was made to recover this 

fraction for addition to the phospholipid pool. 

The total phospholipids, analyzed for total phosphorus, were 

found to contain 65.52 mg. per egg for the unincubated eggs and repre

sented 56.23 percent of the total phosphorus present. The egg content 

of the incubated eggs showed values around 65.52 mg. phosphorus until 

the sixteenth day of incubation, at which time a 14.41 percent decrease 

in total phospholipids was observed. The total phospholipid content of 

the developing embryos increased with age; the greatest increase 

occurred between the twelfth and sixteenth day (Table 6). 

Separation of the phospholipids from unincubated egg contents 

into individual compounds indicated the presence of 50.27 mg. of lecithin 

phosphorus per egg (Table 5). 

There was no significant change in the lecithin content of the 

residual egg contents during the first sixteen days of incubation, at 



Table 5. Phosphorus Distribution of the Residual Egg Contents at Various Stages of Incubation. 

t r t - i T T t t r r t 
 ̂ <^3 rn w t t » i t I t r M ' <2 ' W ' ™ f 3 

°  o  »  '  i  '  g >  '  ; §  » , - .  ' © • § - '  ' 3  &  ?  o S  2  »  g  »  o  
o S l ' S w )  r  5  g 1  t  § 3  §  '  8 *  m  '  . a  ©  w >  »  s i i / 2  '  a  ̂ * 2 3  
• S | | - J S  , | S  , - 3 1 , ^ 1 8  , | | . s  ,  =  =  a . s  . ^ | | S v | ! a  • | | | ' ! « r t S ' g | a  
ft rO t ^ T o '  W '  ^ '  W1 r G jC} r ft ^ —' t sg .  

1-3 Qj 1-4 Qj i  r  T r  T r  f ^ t  r  ^  ?  f  

0 50.27 12.09 1.31 0.71 1.14 65.52 6.96 3.70 41.30 0.51 114.29 

8 49.87 12.18 1.38 0.80 1.18 65.41 7.28 3.01 38.12 0.56 111/37 

12 49.12 12.19 1.31 0.73 1.11 64.46 9.06 2.88 33.72 0.66 107.90 

16 47.01 6.05 1.30 0.68 1.09 56.08 12.50 2.11 20.30 0.73 89.66 

* Includes inorganic phosphorus, hexose, and triose phosphates. 

2 Includes protein and nucleic acid bound phosphorus. 
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which time the lecithin phosphorus content dropped to 47.01 mg. The 
_ J 

decrease corresponded to 6.48 percent less lecithin phosphorus on the 

sixteenth day of incubation. During the first eight days of incubation, 

only 0.43 mg. total phospholipid phosphorus were found in the embryo, 

of which 55.8 percent was present in lecithin (Table 6). Between the 

eighth and twelfth day of the incubation period, total phospholipid phos

phorus increased to 1.12 mg. per embryo of which 64.3 percent was 

lecithin. The greatest increase in lecithin phosphorus concentration 

occurred between the twelfth and sixteenth days of incubation. The con

centration of lecithin phosphorus was 0.71 mg. per embryo on the 

twelfth day of incubation, while on the sixteenth day it had increased to 

2.85 mg. per embryo. It was also during this period of incubation that 

the greatest concentration of phospholipids were removed from the egg 

contents. At sixteen days of incubation the amount of lecithin phosphorus 

found in the embryo was equal to that lost from the egg contents. 

The cephalin phosphorus concentration in the unincubated egg 

was found to be 12.09 mg. per egg (Table 5) and represented 18.18 per

cent of the total phospholipid phosphorus present. During the first 

twelve days of incubation, cephalin phosphorus levels followed a similar 

pattern as was obtained with lecithin. Between the twelfth and sixteenth 

days of incubation 50.79 percent of the cephalin phosphorus was removed 

from the egg contents. The cephalin phosphorus content of the embryo 



increased gradually during incubation but at a rate slower than the 

decrease in egg content cephalin phosphorus. These data indicate that 

a part of the cephalins were broken down and the phosphorus used for 

other metabolic processes in the embryo. 

The lysolecithin and lysocephalin fractions of the unincubated 

egg were found to contain 1.3 mg. and 0.71 mg. of phosphorus per egg, 

respectively (Table 5). The lysolecithin and lysocephalin contents of 

the egg content did not change during incubation. The lysolecithin and 

lysocephalin phosphorus in the embryo amounted to less than 0.01 mg. 

of phosphorus per embryo (Table 6). 

Sphingomyelin bound phosphorus in the unincubated egg was 

found to be 1.14 mg. per egg (Table 5). During incubation, sphingo

myelin appeared unchanged in the residual egg material. Tsuji (1955) 

was unable to find any sphingomyelin in the fertile unincubated egg; 

however, Rhodes and Lea (1957) showed that 2.5 percent of the phos

pholipid phosphorus was in the form of sphingomyelin. Sphingomyelin 

phosphorus increased in the embryo during incubation; however, at 

the end of sixteen days only 0.30 mg. of phosphorus per embryo could 

be attributed to sphingomyelin (Table 6). 

The acid-soluble phosphorus content of the unincubated egg was 

6.69 mg. per egg, of which 3.70 mg. were found to be inorganic phos

phorus (Table 5). The acid soluble phosphorus of the residual egg 



contents showed a gradual increase during incubation, the greatest 

increase coming between the twelfth and sixteenth days, while the 

inorganic phosphorus portion of the acid soluble phosphorus fraction 

decreased during incubation from 3.70 mg. per egg for the unincubated 

egg to 2.11 mg. per egg for the residual egg contents at sixteen days of 

incubations During the first eight days of incubation, the greatest con

centration of phosphorus in the embryo was found in the acid soluble 

fraction (1.38 mg. per embryo) of which 27.5 percent was inorganic 

phosphorus (Table 6). In the later stages of incubation, both acid 

soluble phosphorus and inorganic phosphorus increased at approximately 

the same rate. At the end of sixteen days of incubation, 4.05 mg. of 

inorganic phosphorus had been deposited per embryo. 

The phosphorus content of the protein and nucleic acid fraction 

(residual phosphorus) in the unincubated egg contents was found to be 

41.30 mg; this portion gradually decreased during incubation. By the 

sixteenth day 21.0 mg. (49.15 percent) of the protein and nucleic acid 

bound phosphorus had been removed from the residual egg contents. It 

was apparent that protein and nucleic acid bound phosphorus contributed 

the largest proportion of the phosphorus needs of the embryo during the 

first sixteen days of incubation. It would appear that this phosphorus 

was converted to organic phosphate esters in the egg content before 

being utilized by the embryo, since the phosphorus bound in protein and 
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nucleic acids in the egg contents decreased, there was an increase in 

the organic phosphate esters (acid soluble minus inorganic) of the egg 

contents (Table 5). Protein and nucleic acid bound phosphorus showed 

significant increases in the embryo during incubation (Table 6). During 

the first eight days 0.50 mg. of phosphorus per embryo was found in 

the protein and nucleic acid bound fraction; however, this had increased 

to 6.57 mg. by the end of the sixteenth day, resulting in a 91.8 per

cent increase in this fraction. 

Summary 

The distribution of phosphorus was studied in the unincubated 

egg and at various stages of incubation. It appeared from these studies 

that during the first sixteen days Of incubation, 83 percent phosphorus 

utilized for embryonic development was from the protein and nucleic 

acid fraction of the egg contents. It would also appear that this phos

phorus was converted to phosphate ester and was transferred to the 

embryo in this form. 

Greatest removal of lipid phosphorus from the egg contents 

came between the twelfth and sixteenth day of incubation, at which time 

50.79 percent of the cephalin phosphorus had been removed from the 

yolk. No significant amount of lyso-compounds were found in the 

embryo at the stages of development studied. 



PART 2 

UTILIZATION OF YOLK SAC CALCIUM AND PHOSPHORUS 
BY THE NEWLY HATCHED CHICK 

Ackerson et al. (1935) reported that unsexed newly hatched 

chicks, with the intestinal tract and contents intact, contained 0.13-

0.15 grams of total calcium, 0.08-0.13 grams of total phosphorus, with 

a Ca:P ratio of 1.3-1.7. Slightly higher values were found by Haag 

(1938) in the carcass of one-week-old chicks after removal of the 

intestinal tract and contents prior to analysis. 

Neither worker considered the amount of calcium and phosphorus 

contributed by the residual yolk material which is normally absorbed 

into the body cavity by the chick prior to hatching and not utilized as a 

source of nutrient until the subsequent 72-96 hours. This study was 

conducted to determine the extent of utilization of calcium and phos

phorus suppled by the yolk to the newly hatched chick and the effect on 

subsequent growth rate. 

Experimental Procedure 

Starting with the nineteenth day of incubation and continuing 

through the twenty-second day, samples of newly hatched chicks (New 

26 
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Hampshire Delaware) 'were removed from the incubator at six-hour 

intervals, weighed, sacrificed, and the yolk removed. Yolk and car

casses (entire chick without yolk sac) were analyzed separately for 

calcium and phosphorus. Remaining chicks were weighed individually 

and returned to the incubator until the end of the twenty-second day of 

incubation, ait which time samples of the remaining chicks were 

removed from the incubator, sacrificed, and treated as described 

above. 

The remaining live chicks were fed a cerelose-blood fibrin diet 

(Table 7) containing 0.031 percent calcium and 0.06 percent total phos

phorus to determine whether the time of hatch had any effect on survival 

time of the chicks at these low levels of calcium and phosphorus. Birds 

were fed this diet until death occurred, -at which time they were checked 

for the presence of yolk material and retained for calcium and phos

phorus analyses. 

The yolk membrane with contents and the carcass were digested 

separately with concentrated nitric acid, until a homogeneous solution 

was obtained. A suitable aliquot was then taken and digested with 70% 

perchloric acid. Phosphorus was determined by the method of Koenig 

and Johnson (1942), and the calcium by the method of the A.O.A.C. (1954). 
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Table 7. Composition of Diet. 

-

Ingredient , Percent 

Cerelose 59.60 

Solka Floe 5.50 

Gelatin 4.00 

Liver L. 1.00 

Blood Fibrin (83.75%) 20.00 

Choline chloride 0.20 

Crisco 3.00 

Mineral mix ^ 2.00 
2 Vitamin mix 4.00 

a-Tocopheryl acetate 0.70 

Total 100.00 

* Supplied the following per kilogram of diet: 320 mg. MnSO^.HgO, 

11 gm. ferric citrate pentahydrate, 15 mg. CuSO^.511^0, 5 mg. 

CoCl^.GHgO, 120 mg. ZnClg, 4 mg. KI, 8 mg. NaMoO^HgO, 

5.7 mg. MgSO^.THgO. 

2 Supplied the following per kilogram of diet: 22, 000 I.U. vitamin A, 
2, 200 I.C.U. vitamin D^, 1.25 mg. ethoxyquin, 20 mg. thiamine 

hydrochloride, 6 mg. riboflavin, 15.2 mg. d-calcium pantothenate, 
4 mg. pyridoxine HC1, 20 mg. para-aminobenzoic acid, 1,000 mg. 
inositol, 100 mg. niacin, 5.65 gm. DL-methionine, 2.5 gm. glycine, 
3 meg. vitamin 0.1 mg. biotin, 1 mg. folic acid, 1.5 mg. 

menadione sodium bisulfite. 
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Results and Discussion 

The average weight of both carcass and yolk sac was constant 

for chicks hatched during the 30-hour period studied, regardless of 

* time of hatch. Average carcass and yolk weights were 36.86 ± .64 , 
* 

and 7.29 ±. .23 grams, respectively (Table 8). The calcium and phos

phorus content of the yolk and carcass also remained relatively constant 

for newly hatched chicks during the 30-hour hatching period. For cal

cium, average values were 58.3 ± 0.8 mg. for the yolk and 122.8 ± 2.4 

mg. for the carcass. For phosphorus, the average values were 23.3 1 

0.9 mg. for the yolk and 94.5 ±. 1.9 mg. for the carcass. The yolk Ca:P 

ratio of the newly hatched chicks ranged from 2.43 to 2.72, while that 

of the carcass ranged from 1.27 to 1.37. 

Analyses of fertile eggs prior to incubation have shown that the 

yolk and albumen contain 115-118 mg. total phosphorus per egg, and 

approximately 30 mg. calcium, with a Ca:P ratio of 0.26. It is evident 

from the above results that during embryonic development calcium must 

have been transferred from the shell to the yolk to give an average Ca:P 

ratio of 2.55 in the yolk of the newly hatched chick. 

The change in calcium and phosphorus content of the yolk of 

chicks sampled on the twenty-second day of incubation after being 

* 
Standard deviation. 



Table 8. Time of Hatch as Related to Weight of Chick, Yolk Material, and Calcium and Phosphorus Content. 

' Hatched ' ' lgm*' ' n / \ ' m i ^ ' Ca:P ' n t \ ' ra, ( \ ' Ca:P 
_ . ' _j , Ca. (mg.) , Phos. (mg.) lRatiQ . Ca. (mg.) , Phos. (mg.) . 

1 0 37.80 1 5.132 7.38 + 1.89 60.4 + 5.6 20.5 ± 3.5 2.49 123.6 + 6.0 96.1 + 3.7 1.29 

2 6 36.64 + 3.02 7.34 + 1.02 57.7 ± 5.3 23.1 1 3.9 2.50 118.5 14.7 91.4 1 5.4 1.30 

3 12 36.47 + 3.20 7.23 + 1.55 56.4 1 5.8 21.9 1 5.9 2.58 123.2 1 7.8 96.3 1 5.2 1.28 

4 18 36.63 13.83 7.13 1 1.41 58.6 18.0 22.6 1 5.8 2.59 128.8 1 7.3 94.0 1 9.8 1.37 

5 24 36.91 + 3.82 7.49 1 1.36 58.0 1 6.1 23.9 1 6.2 2.43 121.7 1 5.9 94.2 1 6.7 1.29 

6 30 36.86 13.08 7.18 10.75 58.5 16.0 21.7 14.5 2.70 120.7 14.1 95.0 + 3.7 1.27 

Avg. 36.86 7.29 58.3 22.3 2.55 122.8 94.5 1.30 

1 Values reported as mg. of calcium or phosphorus per total yolk material or total carcass. 

2 1 Standard deviation. 



hatched at various times is shown in Table 9. There was a gradual 

removal of calcium and phosphorus from the yolk of the birds as chicks 

were hatched and allowed to remain in the incubator until the twenty-

second day of incubation. The calcium and phosphorus content of the 

yolk of chicks 48 hours of age on the twenty-second day of incubation 

was 26.35 and 3.37 rag., respectively, while the yolk of chicks only 

eighteen hours old on the twenty-second day of incubation contained 

46.47 and 17.7 mg., respectively. When the calcium and phosphorus 

contents of yolk material on the twenty-second day of incubation (Table 

9) were compared with the calcium and phosphorus contents of yolk 

material from chicks killed soon after hatching (Table 8), a large 

decrease was evident in each of these elements. The greater the age 

of the bird, the greater was the decrease. A similar comparison with 

the carcass data indicated that the calcium content of the carcass 

increased with the age of the bird during the first forty-eight hours of 

life, while the phosphorus content of the carcass decreased. This can 

best be shown graphically (Figure 1). The average values for carcass 

and yolk at the time of hatch are given on the right hand column on each 

graph. The first graph shows there was a slight decrease in the car

cass weight with time (age) after hatching. This was probably due to 

dehydration and excretion. The Ca:P ratio in the yolk material changed 

from a value of 2.55 at hatching to a value of 7.76 as the birds increased 



Table 9. Effect of "Age" on Calcium and Phosphorus Content of Yolk and Carcass of Chicks Hatched Prior to the Twenty-
Second Day of Incubation. 

Lot 

Age of 
Bird 
(hr.) 

. 

Avg. Body 
Weight 
(gm.) 

. 

Avg. Yolk 
Weight 
(gm.) 

Concentration of Calcium and Phosphorus 

Lot 

Age of 
Bird 
(hr.) 

. 

Avg. Body 
Weight 
(gm.) 

. 

Avg. Yolk 
Weight 
(gm.) Yolk Material 1 

f 

« Carcass * Lot 

Age of 
Bird 
(hr.) 

. 

Avg. Body 
Weight 
(gm.) 

. 

Avg. Yolk 
Weight 
(gm.) 

Ca. (mg.) 
t 

, Phos. (mg.) ' Ca:P ' 
'Ratio ' Ca. (mg.) 

t 

Phos. (mg.) Ca:P 
Ratio 

1 48 32.73 1.43 26.4 3.4 7.76 137.5 76.8 1.79 

2 42 34.81 ±3.86 2 2.37 + 0.98 33.9 ± 8.2 6.1 + 3.7 5.56 140.1 ±2.3 84.3 ± 12.3 1.66 

3 36 35.35 + 3.20 3.66 ±2.55 34.3 ±9.7 8.0 ± 5.5 4.29 135.4 ± 11.1 81.8+ 21.4 1.64 

4 30 35.44 + 3.58 3.88 ± 1.36 40.3 + 9.3 9.7 ±2.8 4.15 129.3 + 10.7 92.3 ± 19.2 1.41 

5 24 34.84 + 1.54 3.66 ±0.94 39.1 ±8.4 9.8 + 5-° 4.07 126.2 ± 5.6 94.8 ± 17.2 1.33 

6 18 35.76 ± 3.05 6.38 ±-1.37 46.5 ± 3.9 17.7 ±6.7 2.63 130.2 ± 13.2 96.9 ± 22.4 1.33 

1 Values reported as mg. of calcium or phosphorus per total yolk material or total carcass. 

2 ± Standard deviation. 
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Figure 1. Calcium and phosphorus concentration of yolk and carcass, 22 days 
incubation. 



in age (Figure 1). The quantity of calcium removed from the yolk 

material was greater than the amount of phosphorus. At the time of 

hatch the Ca:P ratio was 2.55. The ratio of the calcium and phosphorus 

removed from the yolk sac varied from 1.34 to 3.00 with an average 

value of 1.79 for all lots (Table 10). At the end of the twenty-second 

day of incubation the chicks which were forty-eight hours of age had 

removed 83.4% of the phosphorus and 56.3% of the calcium from the 

yolk material, while chicks only eighteen hours old had removed 18.4% 

of the phosphorus and 20.5% of the calcium from the yolk material 

(Table 10). 

A portion of the calcium removed from the yolk was utilized by 

the carcass, as indicated by an increase in calcium content of the car

cass (Table 9). It would appear that none of the phosphorus removed 

from the yolk material to the carcass was retained, since the chicks 

which hatched first actually lost phosphorus from the carcass (Figure 1). 

The carcasses of chicks eighteen hours old on the twenty-second day of 

incubation showed an average phosphorus content of 96.9 mg. compared 

with 95.0 mg. phosphorus for the chicks sacrificed at hatching. The 

carcasses of forty-eight-hour-old chicks had a phosphorus content of 

76.8 mg. compared with 96.1 mg. for the corresponding group sacri

ficed at time of hatch. These data show a net loss of 19.3 mg. of phos

phorus for this lot. This phosphorus was probably lost as the excreta. 
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Table 10. Removal of Calcium and Phosphorus from Yolk. 

r Yolk Yolk 
T Age ' Calcium Phosphorus ' Ratio of Ca:P 

Lot ' of ' Removed From Removed From T Removed 
' Bird ' Yolk to Yolk to From Yolk 
• (hr.) ' Carcass (%) Carcass (%) ' 

1 48 56.3 84.3 2.00 

2 42 42.3 73.6 1.40 

3 36 40.9 63.5 1.59 

4 30 31.2 57.1 1.42 

5 24 32.6 58.9 1.34 

6 18 20.5 18.4 3.00 



The Ca:P ratio of the carcass increased with age from 1.33 to 1.79, due 

to a net loss of phosphorus and an increase in calcium in the carcass 

(Figure 1). 

The birds not killed on the twenty-second day of incubation 

were placed on a low-calcium and low-phosphorus diet (Table 7), and 

as the birds died each was analyzed for these elements. Each bird was 

checked at death and was not found to have any of the yolk sac material 

left. Results of this phase are given in Table 11. Time of death could 

not be related to time of hatch. There was no significant change in the 

calcium content of the birds sacrificed on the twenty-second day of 

incubation.. There was, however, an increase in the phosphorus content 

of the carcass. These data indicate a greater retention of phosphorus 

than of calcium, which was contrary to the results obtained during 

incubation. This can probably be explained by the fact that the diet con

tained by analysis twice as much calcium as phosphorus. 

In the past, considerable emphasis has been placed on the ratio 

of calcium to phosphorus in the diet; however, this concept has been 

de-emphasized in recent studies reported by Harris (1959), Wynn et al. 

(1957), and Haldi et al. (1959). The data from the present studies 

indicate that during the early stages of chick development, calcium 

and phosphorus were not utilized in a constant ratio. 
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Table 11. Effect of a Low-Calcium and Low-Phosphorus Diet on 
Calcium and Phosphorus Content of Chicks. 

t r 1 t i 
f Age of , Calciumx 

r phosphorus1, Average 
Lot , Bird t (mg.) r (mg.) , Survival 

, (hr.) r f , (days) 

1 48 136.7 104.3 7.5 

2 42 135.6 106.8 8.3 

3 36 137.9 110.9 9.4 

4 30 130,1 103.8 8.8 

5 24 133.7 110.6 9.0 

6 18 144.4 121.8 8.2 

* Values reported as mg. of calcium or phosphorus per total carcass. 
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Summary 

Utilization of calcium and phosphorus from yolk material by 

the developing embryo and newly hatched chick was determined between 

the nineteenth and twenty-second day of incubation. The yolk Ca:P 

ratio of newly hatched chicks ranged from 2.43 to 2.72, while that of 

the corresponding carcasses ranged from 1.27 to 1.37. After twenty-

one days of incubation, the Ca:P ratio of the yolk and carcasses ranged 

from 2.63 to 7.76 and 1.33 to 1.79, respectively. These data indicate 

that calcium and phosphorus were removed from the yolk at an aver

age ratio of 1.79. During the incubation period there was a greater 

retention of calcium than phosphorus in the carcass. When birds were 

placed on a low-calcium (0.031%) and low-phosphorus (0.06%) diet, a 

greater retention of phosphorus was observed relative to calcium; how

ever, the phosphorus content of the diet was twice that of calcium. 



PART 3 

RELATIONSHIP OF GROWTH, BONE ASH, AND DIETARY 
PHOSPHORUS IN CHICKS FED PURIFIED DIETS 

Summers et al. (1959) obtained values of 46.4 and 47.0 percent 

for phosphorus availability with the use of growth rate and bone ash, 

respectively, for the evaluation of a sample of soft phosphate against 

a dicalcium phosphate standard. Other studies reported in the same 

paper failed to yield identical values for phosphorus availability with 

these two criteria; however, the authors state that energy differences 

existed between the diets which could have accounted for the lack of 

agreement. Motzok et al. (1956) have amply reviewed the literature 

with regard to phosphorus availability measurements. These workers 

reported that bone ash and growth rate showed marked differences in 

response to phosphorus supplementation and suggested that these two 

criteria were different in their requirements for phosphorus when a 

practical type basal diet containing fish meal, soybean oil meal, corn, 

and wheat was fed. 

Estimates of the phosphorus requirement of the chick vary with 

the diet employed and phosphorus source fed. Almquist (1954), after 
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a review of existing work suggested that the total phosphorus require

ment of the chick to four weeks of age was 0.45 percent in the presence 

of sufficient vitamin D. O'Rourke et al. (1955) found the phosphorus 
% 

requirement to be 0.79 percent as a result of work with a practical 

ration. The National Research Council (1960) recommends 0.6 percent 

phosphorus with at least 0.45 percent of this from inorganic sources 

and suggests that 30 percent of the phosphorus in plant products be con

sidered "inorganic." Creech et al. (1956) concluded that not more than 

0.55 percent total phosphorus was required by the chick for bone calci

fication or growth. These workers employed a purified glucose-soybean 

protein diet containing 0.3 percent phosphorus prior to supplementation. 

Studies by Nelson and Peeler (1961) indicated an available phos

phorus value of 97 percent for a sample of U.S.P. dicalcium phosphate 

as compared to a beta-tricalcium phosphate reference standard. These 

workers found that two samples each of Curacao phosphate and soft 

phosphate had average biological values of 68 and 34 percent, respec

tively. No differences were noted between the phosphorus availability 

values determined with a blood fibrin diet as compared to a practical 

type diet based on corn and soybean meal (50%). 

The experiments reported here were undertaken to determine 

the relationship of growth and bone ash as measures of available dietary 

phosphorus and to study the effect of the basal diet on these criteria. 



Experimental Procedure 

The blood fibrin diet of Gillis and Norris (1948) was modified 

for use in the first three experiments by the substitution of glucose 

monohydrate for corn starch. The fourth study in this series involved 

both the modified blood fibrin diet and an isolated soybean protein diet 

(Table 12). 

New Hampshire X Delaware chicks (5 males and 5 females/lot) 

were employed in the first and third experiments, while White Leghorn 

males were used in the second and fourth experiments. In each study, 

four replicate lots were fed on each dietary phosphorus level for the 

four-week experimental period. Birds were housed in electrically 

heated batteries with raised wire floors and fed ad libitum. All birds 

were sacrificed at the end of each study and the tibae removed (both 

left and right in the first two studies) for bone ash (Gillis et al., 1954) 

and calcium and phosphorus determinations. The AOAC (1950) method 

for calcium and the phosphorus method of Koenig and Johnson (1942) 

were used. The blood fibrin diet employed in these studies contained, 

by analysis, 0.05 percent phosphorus and 0.03 percent calcium. Supple

mental phosphorus was added as U.S.P. dicalcium phosphate (CaHPO^. 

2H2O) and was mixed in the diet at the expense of ground cellulose. 

Calcium carbonate (U.S.P.) was added to maintain a calcium-phosphorus 

ratio of 2:1 in all diets. 
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Table 12. Isolated Soybean Protein Diet. 

r 
Ingredient f Percent 

Isolated soybean protein 32.00 

Glucose monohydrate 52.66 

Soybean oil 3.00 

Mineral mix * 2.00 

CaC03 (40.04% Ca) 1.34 

Ground cellulose 2.00 

Vitamin mix 2 4.00 

Test ingredient or ground cellulose 3 3.00 

Total 100.00 

* Supplied the following per kilogram of diet: 320 mg. MnSO^.t^O, 

11 gm ferric citrate pentahydrate, 15 mg. CuSO^.SHgO, 5 mg. 

CoC^.SHgO, 120 mg. ZnClg, 4 mg. KL, 8 mg. NaMoO^H^O, 

5.7 mg. MgS04.7H20. 

2 Supplied the following per kilogram of diet: 22, 000 I. U. vitamin A, 
2, 200 I.C.U. vitamin Dg, 1.25 mg. ethoxyquin, 20 mg. thiamine 

hydrochloride, 6 mg. riboflavin, 15.2 mg. d-calcium pantothenate, 
4 mg. pyridoxine HC1, 20 mg. para-aminobenzoic acid, 1, 000 mg. 
inositol, 100 mg. niacin, 5.65 gm. DL-methionine, 2.5 gm. glycine, 
3 meg. vitamin B19 0.1 mg. biotin, 1 mg. folic acid, 1.5 mg. 

menadione sodium bisulfite, and 10 I.U. d-alpha tocopheryl acetate. 
3 

Phosphorus added at the expense of ground cellulose. 
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The phosphorus supplements employed in the third experiment 

were three samples of defluorinated rock phosphate and one sample of 

a dicalcium phosphate product, all from commercial sources. These 

products were assayed against the U.S.P. dicalcium phosphate standard 

in order to evaluate growth and bone ash as measures of available 

phosphorus in these products. 

The fourth experiment involved the feeding of both the blood 

fibrin diet and an isolated soybean protein basal diet (Table 12). The 

latter diet Was calculated to contain 0.27 percent phosphorus. The two 

diets were employed in order to determine the effect of basal diet on 

the availability of supplemental phosphorus when growth and bone ash 

were used as criteria. 

The percent available phosphorus levels in these samples were 

calculated from dosage response curves employing both growth and bone 

ash where possible. 

Results and Discussion 

Experiment 1: Neither growth rate nor bone ash were signifi

cantly improved by the feeding of supplementary phosphorus levels 

above 0.3% of the diet (Table 13). Significant improvements in growth 

rate, bone ash, and calcium and phosphorus were obtained by increas

ing the dietary phosphorus level from 0.2 to 0.3 percent (Table 13). 



Table 13. Effect of Phosphorus Level on Growth, Bone Ash, and Ash Composition of Chicks at 4 Weeks. 

EXPERIMENT 1 

Phos
phorus 
added * 
(%) 

f 

t Average body 
, weight (gm.)2 ' Bone ash Average 

T 

f Composition of bone ash Phos
phorus 
added * 
(%) 

f 

t Average body 
, weight (gm.)2 

; ( %) tibia wt. (gm.) 
r Calcium (%) 

f 

, Phosphorus (%) 

Phos
phorus 
added * 
(%) 

' males ' females 1 males ' females males ' females ' males ' females ' males ' females 

0.2 368 360 33.69 35.16 1.21 1.05 12.36 12.67 5.64 6.24 

0.3 448 380 46.00 47.26 1.44 1.25 16.71 17.20 8.41 8.56 

0.4 463 407 45.69 47.02 1.58 1.27 16.79 16.77 8.44 8.43 

0.5 447 416 46.74 48.06 1.59 1.30 16.87 17.43 8.41 8.60 

0.6 417 397 47.01 47.63 1.43 1.34 17.02 16.86 8.54 8.40 

* Supplied as U.S.P. dicalcium phosphate (CaHPO^H^O). 

Four replicate lots of five male and five female New Hampshire X Delaware chicks per lot. 
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Female chicks were found to have a significantly higher level of bone 
* 

ash than males at each of the phosphorus levels studied. There were 

no significant differences in the bone calcium and phosphorus content of 

male and female chicks. No differences were obtained between the 

right and left tibiae with regard to bone ash or bone calcium and phos

phorus content. The average weights of the tibiae of females were sig

nificantly less than those of males at each of the phosphorus levels. 

The percent calcium and phosphorus content of bone ash obtained from 

birds fed 0.2 percent supplemental phosphorus was significantly less 

than that of the other lots tested; however, the ratio remained relatively 

constant at 2:1 (Table 13). 

Experiment 2: Significant improvements in bone ash (P < 0.01) 

were obtained with each increment of added phosphorus through the 0.3 

percent level of supplementation with either glucose monohydrate or 

corn starch as carbohydrate sources in the blood fibrin diet (Table 14). 

Employing Duncan's Multiple Range Test (Duncan, 1955), body weight 

was not significantly improved over that obtained in the 0.2 percent 

added phosphorus level. Calculated simple correlation coefficients 

between bone ash and growth rate yielded significant values throughout 

the 0.3 percent level of phosphorus supplementation (Table 14). 

Estimation of phosphorus requirements for bone formation and 

growth rate from dosage response curves by Hegsted (1948) gave values 



Table 14. Effect of Carbohydrate Source and Phosphorus Level on Body Weight, Bone Ash, and Correlations 
of these Criteria. 

EXPERIMENT 2 
Phos- ' 
phorus ' Glucose monohydrate 1 f Corn starch 1 

added 2> 3 1 

(%) ' 
Avg. body 

weight (gm 
' Bone ash ' 

.)' (%) 
Correlation ' 
coefficients ' 

Avg. body ' 
weight (gm.) ' 

Bone ash ' 
(%) 

Correlation 
coefficients 

0.15 217 a> 4 29.74 a> 4 0.94 162 a>4 27.75 a>4 0.14 

0.20 255 bc 36.30 b 0.92 187 ab 32.69 b 0.85 

0.25 274 bc 41.24 c 0.99 207 b 39.33 c 0.79 

0.30 283 c 45.50 d 0.99 232 b 44.27 d 0.99 

0.35 289 c 46.70 de 0.27 219 b 45.99 de 0.42 

0.40 285 c 48.12 e 0.33 240 b 47.11e 0.75 

0.45 281c 48.24 e 0.61 220 b 48.11e 0.10 

* Blood fibrin basal diet. 

2 Supplemental phosphorus supplied as U.S.P. CaHPO^E^O. 

3 Four replicate lots of ten White Leghorn males were fed on each dietary treatment. 

Numbers having different superscripts were statistically different at the 0.01 level of probability. £• 



of 0.30 percent and 0.29 percent, respectively, for these two functions 

in the corn starch diet. Values of 0.28 for growth rate and 0.29 percent 

added phosphorus for bone ash formation were obtained as requirements 

in the glucose monohydr ate-blood fibrin basal diet. The results of these 

studies indicate very little difference in phosphorus requirement for 

these two functions. The recent report by Peeler et al. (1960) indicated 

that the available phosphorus requirement of the chick to four weeks of 

age was 0.32 percent per 1, 000 Calories of metabolizable energy per 

pound of diet, or 0.12 percent available phosphorus per 100 grams of 

gain. These values are substantially the same as found in the present 

experiment. The total phosphorus requirement of the chick to four weeks 

of age would appear to be no more than 0.35 percent of the diet, since 

the supplementary level of 0.3 percent appeared to be adequate for these 

two functions, and the basal diet contained 0.05 percent phosphorus. 

Since highly significant (P < 0.01) correlation coefficients were 

obtained between growth rate and bone ash, with each of the diets 

studied, these criteria would appear to be of equal value in estimating 

phosphorus availability under the conditions of these studies, provided 

no more than 0.3 percent supplemental available phosphorus was fed. 

Experiment 3: In order to test the adequacy of growth rate and 

bone ash as a measure of phosphorus availability, a subsequent experi

ment was initiated. Three samples of defluorinated rock phosphate and 
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a commercial dicalcium phosphate supplement were used as test 

ingredients in the blood fibrin basal diet containing glucose monohydrate. 

U.S.P. dicalcium phosphate was employed as a reference standard and 

fed at levels of 0.15 to 0.35 percent of the diet. New Hampshire X Dela

ware chicks were employed. The bone ash values obtained with the 

various test substances were used to plot dosage response curves which 

were found to parallel those obtained with the standard employed in this 

study (Table 15). Calculations of percentage available phosphorus in 

the test ingredients' from the respective bone ash dosage response 

curves yielded values of 91.9, 83.5, and 93.6 percent for the three 

samples of defluorinated rock phosphate, respectively. The sample of 

commercial dicalcium phosphate employed in this study exhibited a 

phosphorus availability of 96 percent. The dosage response curves 

obtained with growth rate for various test substances proved to be 

parallel to the standard substance only for defluorinated rock phosphate 

I. The phosphorus availability of this sample was 98.5 percent. This is 

somewhat higher than that obtained with bone ash measurements. 

Experiment 4: This experiment was initiated to determine the 

effect of the basal diet composition on the availability of supplemental 

phosphorus. The data obtained indicated a linear relationship between 

growth rate and phosphorus level in each of the basal diets employed 

(Table 16). In general, less growth and less percent bone ash were 



Table 15. Effect of Various Phosphorus Supplements on Body Weight and Bone Ash of Chicks at 4 Weeks 
of Age.l? 2 

EXPERIMENT 3 

Phos
phorus 
added 

CaHP04.2H20 ' Defl. rock 
' phosphate I 

' Deflt. rock 
' phosphate 11 

' Defl. rock 
' Phosphate in 

' Commercial 
' dicalcium phosphate Phos

phorus 
added ' Body T Bone 

r weight 1 ash 
' Body r Bone 
' weight T ash 

' Body ' Bone 
' weight ' ash 

' Body ' Bone 
f weight f ash 

' Body ' Bone 
' weight ' ash 

\ /o) ' (fan.) 1 (%) ' (gm.). T (%) ' (gm.) ' TO ' (gm.) ' (%) T (gm.) f (%) 

0.15 294 29.52 - - - -

0.20 334 34.27 271 29.17 270 . 29.68 307 30.09 325 32.47 

0.25 347 42.58 345 35.93 325 30.66 380 38.76 336 38.79 

0.30 417 45.09 371 42.27 338 37.58 376 42.92 349 45.05 

0.35 367 46.80 - - - - - - _ _  - - - - - - - -

1 

2 

Four lots of 10 chicks each/dietary phosphorus level. New Hampshire X Delaware chicks were used. 

Blood fibrin basal diet with glucose monohydrate. 

CO 



Table 16. Effect of Basal Diet on the Relative Availability of Dietary Phosphorus.* 

EXPERIMENT 4 

Phos
phorus 
added 
(%) 

r 
f Soybean Protein Diet Blood Fibrin Diet Phos

phorus 
added 
(%) 

' U.S.P. dical. phos. ' Defl. rock phos. U.S.P. dical. phos. ' Defl. rock phos. 

Phos
phorus 
added 
(%) ' Body wt. 

' (gm.) 
' Bone ash 
' (%) 

' Body wt. ' 
' (gm.) 

Bone ash 
(%) 

Body wt. ' Bone ash r Body wt. ' 
(gm.) * (%) ' (gm.) 

Bone ash 
(%> 

0.15 147.9 27.3 — 189.6 26.7 

0.20 219.4 27.9 142.6 26.8 195.5 33.5 164.4 25.2 

0.25 242.1 31.2 — 271.1 37.0 — 
— 

0.30 254.7 37.2 150.1 27.3 300.2 41.6 193.9 28.7 

0.35 270.1 39.5 — 

) 

301.6 46.7 — — 

* Four lots of 10 White Leghorn male chicks were fed on each dietary phosphorus level. 

cn O 



obtained at equivalent phosphorus levels on the soybean protein diet as 

compared with the blood fibrin diet. Comparison of the calculated 

dosage response curves for the dicalcium phosphate in the two diets 

showed that the phosphorus availability of this material was 5.8 percent 

less in the soybean protein diet than in the blood fibrin diet when bone 

ash was used as a criterion (Table 16). Calculation of the available 

phosphorus in the sample of defluorinated rock phosphate using the 

blood fibrin diet, compared with U.S.P. dicalcium phosphate, yielded 

a value of 74.5 percent as compared with a value of 83 percent for the 

isolated soybean protein diet. The growth rate data showed values of 

70.5 percent for defluorinated rock phosphate in the blood fibrin diet 

compared with a value of 65 percent in the isolated soybean diet. 

Summary 

The relationship of diet and phosphorus supplementation to bone 

formation and growth has been studied with both White Leghorn males 

and crossbred chicks. Female chicks were found to have significantly 

lower tibia weights and significantly higher bone ash values at four 

weeks of age than did male chicks of the same New Hampshire X Dela

ware cross. 

The use of cornstarch as a carbohydrate source in the blood 

fibrin diet resulted in lower growth rates and lower bone ash values 
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than were obtained when glucose monohydrate was used. Correlation 

coefficients for growth rate and bone ash values on. each of these diets 

proved to be highly significant through 0.3 percent of added phosphorus. 

Subsequent evaluation of growth rate, as a measure of available 

phosphorus in four samples of commercial phosphate supplements, 

showed that with this criteria only one of the supplements produced a 

dosage response curve parallel to that obtained with standard dicalcium 

phosphate. By growth rate evaluation the phosphorus availability for 

defluorinated rock phosphate I was 98.5 percent, while by bone ash 

evaluation a value of 91.9 percent was obtained. 

The use of an isolated soybean protein diet for the assay of 

available phosphorus in a sample of defluorinated rock phosphate gave 

an availability figure of 83 percent compared with a value of 74.5 per

cent obtained when a blood fibrin basal diet was used. These data would 

indicate that the basal diet employed in the measurement of phosphorus 

availability is likely to result in markedly different results. 

The phosphorus requirements for either bone formation or 

growth rate did not appear to be significantly different. No more than 

0.3 percent added phosphorus, or 0.35 percent total phosphorus, was 

found to be required for maximum bone ash or growth when a blood 

fibrin basal diet containing glucose monohydrate or cornstarch as car

bohydrate sources was used. 



PART 4 

PHOSPHORUS REQUIREMENT FOR LAYING HENS 

Branion concluded in 1938 that mineral supplements should be 

fed ad libitum due to the disparity in the calcium and phosphorus 

requirements reported by various investigators. Messengale and Piatt 

(1930) obtained as good production with a level of 0,5 percent of phos

phorus in the diet as with-higher levels. Approximately 0.8 percent 

total phosphorus was required for optimum production when the calcium 

content of the diet was fixed at either 2.23 or 3.00 percent (Miller and 

Bearse, 1934). 

The work of Norris et al. (1934) indicated that 0.5 percent total 

phosphorus was not sufficient for egg production, but 0.75 percent was 

adequate. Mitchell and McClure (1937) calculated that a level of 0.32 

percent phosphorus should be sufficient for 50 percent production and 

0.35 percent should be adequate for 75 percent production, if 50 percent 

of the phosphorus is utilized. After reviewing the literature, Schaible 

(1941) concluded that 0.4 percent phosphorus was required, but to allow 

a margin of safety, 0.5 percent was recommended. Using egg shell 

thickness and production to determine the most satisfactory levels of 
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calcium and phosphorus for laying hens, Evans and Carver (1942) 

stated the total phosphorus requirement in terms of the amount of cal

cium present in the diet. When 1.5 percent calcium was present, 0.6 

percent total phosphorus was adequate, but if 2.5 percent calcium was 

included in the ration, 0.8 percent total phosphorus was required. 

Evans et al. (1944) concluded that 0.6 percent of total phosphorus was 

not adequate. 

O'Rourke and co-workers (1954) found that a semipurified diet 

containing a total of 0.19 percent phosphorus aid not support normal 

egg production and hatchability. Supplementing this basal ration with 

CaHPO^HgO to supply 0.30 percent total phosphorus resulted in 

normal egg production and hatchability. The basal ration, which proved 

inadequate, contained 0.12 percent phytin phosphorus and 0.27 percent 

nonphytin phosphorus, while the adequate ration contained 0.12 percent 

phytin and 0.18 percent nonphytin phosphorus. Phosphorus levels 

between these extremes were not employed. 

In further work O'Rourke et al. (1955) found that a practical diet 

containing 0.35 percent phosphorus, nearly all from plant sources, 

although deficient for maximum growth, contained enough phosphorus 

for normal sexual maturity and egg production. These workers also 

found in other experiments that no more than the 0.43 percent phos

phorus found in a practical "all vegetable" basal diet was needed to 



maintain egg production at a normal level. The requirement for phos

phorus of the laying pullet could not be determined from this work, as 

the practical diets employed were not sufficiently low in phosphorus to 

demonstrate a deficiency. Gillis et al. (1953) stated that it appeared 

that the hen needed 0.5 percent available phosphorus. The results of 

Pepper et aj.. (1959) indicated.that the addition of supplementary phos

phorus to an "all vegetable" diet containing 0.38 percent total phosphorus 

did not improve egg production or feed required per dozen eggs. It was 

concluded that it is not possible to assay feed phosphates with laying 

hens fed diets of natural ingredients, since a level of 0.38 percent phos

phorus appeared to be adequate for laying hens. Crowley et al. (19"61) 

were unable to improve egg production by supplementing a basal diet 

containing 0.41 percent total phosphorus with dicalcium phosphate. 

The National Research Council (1960) recommended a level of 

0.6 percent total phosphorus for laying and breeding hens. 

The studies reported herein were designed to establish the min

imum phosphorus requirement of the mature bird and to determine the 

effect of housing in floor pens and in individual layer cages. 

Experimental Procedure 

White Leghorn pullets used in the first study were distributed 

among ten floor pens of twenty-five pullets per pen and among ten lots 



of twenty pullets each in individual wire cages. Straw was used as floor 

litter. Birds were fed ad libitum and were supplied with sixteen hours 

of light daily. 

Two semipurified diets were employed: Diet No. 1, containing 

both animal and vegetable protein sources (Table 17), contained 0.269 

percent total phosphorus by analysis, and diet No. 2, an "all vegetable" 

protein diet (Table 17), contained 0.213 percent phosphorus. Diet No. 

2 was similar to that used earlier by O'Rourke (1954). 

Total phosphorus levels fed ranged from 0.269 to 0.714 percent 

for the birds fed basal ration No. 1 and 0.213 to 0.411 percent total 

phosphorus for the birds fed basal diet No. 2. Dicalcium phosphate 

(CaHPO^^HgO) was used as the source of supplemental phosphorus. 

Each dietary treatment was replicated twice. 

Egg production was recorded daily and average production was 

calculated for each 28-day period on a "hen-day" basis. Eggs produced 

during five consecutive days of each 28-day experimental period were 

broken, shells were washed and air dried for 96 hours, and the thick

ness determined with an Ames"'7 paper thickness gauge. Shells were 

then ground and sifted through a 40 mesh screen. They were analyzed 

for calcium by the A.O.A.C. method (1954) and for phosphorus by the 

* B. C. Ames Company, Waltham 54, Massachusetts. 
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Table 17. Composition of Basal Diets. 

Ingredient ' No. 1 
Diet ' Diet ' Diet 

' No. 2 ' No. 3 

Ground yellow corn 20.00 

Degermed yellow corn -- -- 56.50 

Glucose monohydrate * 38.95 55.95 5.00 

Dehydrated alfalfa meal (17%) 5.00 -- 5.00 

Soybean meal, solvent (44%) 20.00 17.48 14.00 

Corn gluten meal (41%) — 16.00 

Blood fibrin (83.75%) — -- 5.00 

Fish meal (65%) 1.00 

ADM assay (C-l) protein (82%) 4.38 

Dried whole whey 1.25 -- 3.00 

NaCl (trace mineralized) 0.25 0.25 0.25 

Ground limestone 5.65 5.28 3.75 
2 

Ground cellulose (Solka Floe) -- -- 5.00 

MnS04.5H20 0.02 0.04 

Hydrolyzed animal and vegetable fat 1.00 2.50 

2.50 2.50 2.50 Vitamin antibiotic, antioxidant and 
amino acid supplement 3 

Total 100.00 100.00 100.00 

Phosphorus supplement added at expense of glucose monohydrate in 
diets No. 1 and 2. 

Phosphorus supplement added at expense of ground cellulose in diet 
No. 3. 

Supplied per pound of diet: vitamin A, 4, 500 I.U.; vitamin D^, 700 
I.C.U.; thiamin, 6.00 mg.; riboflavin, 2.00 mg.; niacin, 12.50 mg.; 
d-calcium pantothenate, 5 mg.; choline CI, 200.00 mg.; vitamin B^, 
.006 mg.; d-alpha-tocopheryl acetate, 2.5 I.U.; menadione sodium 
bisulfite, 1.00 mg.; folic acid, 3.00 mg.; procaine penicillin, 2.00 
mg.; chlortetracycline, 10.00 mg.; BHT 56.75 mg.; PL-methionine, 
909.0 mg. 
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method of Koenig and Johnson (1942). Floor litter was sampled monthly 

and analyzed for calcium and total, inorganic, and phytin phosphorus. 

The method of Pons et al. (1953) was used to determine inorganic and 

phytin phosphorus. Similar analyses were carried out on the experi

mental diets (Table 18). Blood samples were collected twice during 

the study, and the serum was analyzed for calcium and inorganic phos

phorus by the methods described previously. The duration of this study 

was 196 days. 

In a second study, 150 White Leghorn pullets were placed in 

individual layer cages and randomly distributed among thirty lots of 

five birds each. The basal diet used in this study is shown (Table 17, 

diet No. 3). This diet was supplemented with U.S.P. dicalcium phosphate 

(dihydrate) to contain from 0.193 to 0.675 percent total phosphorus (by 

analysis) in approximately 0.1 percent increments. Each phosphorus 

level was replicated five times, giving a total of twenty-five birds per 

treatment. 

An additional 120 birds were placed on the 0.265 percent phos

phorus diet and another lot (120 birds) was fed a diet containing 0.675 

percent phosphorus. These dietary treatments were continued through 

the first six months of egg production. At the close of the first six 

months of the study, pullets from each of the two large lots were dis

tributed into five replicated lots of five birds each and fed diets supple

mented with phosphorus in concentrations indicated in Table 25. 
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Table 18. Phosphorus Concentration in Experimental Diets. 

Total 
Phosphorus 

Lot' Calcu- ' Ana-
T lated ' lyzed 
' (%) ' (%) 

Distribution 
of Phosphorus r Supple-

r mented1 

Phytin ' Janir ' Lipid ' PhoS' 
'%) t tar\ t (%) » phorus 

Total 
Inorganic 
Phosphorus 

(5) 

Diet No. 1 

1 .280 .269 .149 .096 .005 .096 

2 .415 .413 .149 .096 .005 .139 .235 

3 .735 .714 .149 .096 .005 .471 .567 

Diet No. 2 

4 .190 .213 .119 .051 .003 .051 

5 .415 .411 .119 .051 .003 .232 .283 

1 U.S.P. CaHP04.2H20. 



Methods for recording and measuring egg production, feed 

consumption, mortality, and egg quality were similar to those 

described for the previous study. Blood was collected three times 

during the study and analyzed for total blood phosphorus. The serum 

was analyzed for alkaline phosphatase activity by the method of Bessey 

etaJL. (1946). 

During the tenth experimental period, one lot from each phos

phorus level was fed its regular experimental diet plus one percent 

chromium oxide marker for five days. After five days, feces were 

collected on dropping trays for two consecutive days. Feed and feces 

were analyzed for chromic oxide by the method of Dansky and Hill 

(1952), and for phosphorus as previously described. Upon termination 

of the study, five birds from each phosphorus level were sacrificed, 

and one tibia from each was retained for bone ash analysis. The study 

was started November 9, 1960,and continued for eleven consecutive 

twenty-eight-day periods, ending September 13, 1961. Data from both 

experiments were analyzed by an analysis of variance, and the differ

ences tested by Duncan's Multiple Range Test (Duncan, 1955). 

Results and Discussion 

Experiment 1. Pre-experimental data showed that egg produc

tion was similar in all lots at the time the study was initiated. As the 
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birds became older and environmental temperature increased, egg 

production steadily declined in all lots. 

No significant differences were noted in average egg production 

among lots fed the basal diet containing 0.269 percent total phosphorus 

(Table 19). However, birds fed the unsupplemented "all vegetable" pro

tein diet (diet No. 2, Table 17) containing 0.213 percent total phosphorus 

had a significantly (P< .05) lower average'egg production rate than any 

of the lots tested. These results were similar for both floor and cage-

housed birds, even though production of the cage-housed lots fed either 

0.269 or 0.213 percent phosphorus diets was, respectively, 10.2 and 

21.1 percent lower than that of floor-housed birds fed similar diets. 

Similarly, performance of floor-housed lots differed greatly (18.1%) 

when fed either of the basal diets supplemented to contain 0.413 percent 

total phosphorus, whereas performance of caged lots fed the same diet 

was 62.5 and 49.1 percent for diets No. 1 and 2, respectively, (Table 17). 

This represents a 34.6 percent difference in egg production for these 

two lots. Consequently, the six percent difference in total egg produc

tion between floor and cage-housed birds was not significant, due to the 

wide variation in production noted between replications. These results 

are not in agreement with Singsen et al. (1961), who found that birds in 

cages had a higher phosphorus requirement than those in floor pens. 
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Table 19. Effect of Phosphorus Supplementation on Egg Production, 
Feed Conversion, and Mortality of White Leghorn Pullets. 

Total Floor Pens Individual Wire Cages 

Phos
phorus 

(%) 

Egg r Lbs .Feed' 
Prod. per Doz. ' 
(%) ' Eggs ' 

Mortal
ity 

(%) 

Egg 
Prod. 
(%) 

'Lbs. Feed 
' per Doz. 
' Eggs 

' Mortal-
' ity 
' (%)" 

Diet 1 

0.269 62.6a'2 4.18 25.0 52.4a 5.10 34.0 

0.413 47.7a 4.43 25.0 62.5 a 4.54 24.0 

0.714 61.0a 4.31 25.0 61.0a 4.79 20.0 

Diet 2 

0.213 44.2b 5.67 67.5 23. lb 18.83 78.0 

0.411 58.2a 4.01 27.5 49. la 5.02 38.0 

1 

2 

Hen-day basis. 

Means with different superscripts are significantly different (P < 0.05) 



Average feed conversion for birds in floor pens for the entire 

study was fairly constant in four of the treatments and appeared to be 

slightly better than that of corresponding lots in individual laying cages 

(Table 19). Lots receiving the lowest level of phosphorus (0.213%) had 

the lowest feed conversion, as would be expected, since these lots had 

the lowest rate of egg production. 

Mortality was high in all lots, ranging from 25 to 27.5 percent 

in four of the lots of birds housed in floor pens (Table 19). There was 

a sharp increase in mortality (67.5%) among birds fed 0.213 percent 

phosphorus. In most cases, a slightly higher rate of mortality occurred 

among cage-housed lots. The highest mortality (78.0%) occur ed in 

caged birds fed 0.213 percent phosphorus. Sixty-one percent of all 

mortality encountered in the study occurred during the month of July, 

when the average mean maximum temperature was 102° F. 

Litter samples collected during May and August were analyzed 

for calcium and for total, inorganic, and phytin phosphorus (Table 20). 

The straw initially used for litter contained 0.13 percent total phos

phorus, of which 0.10 percent was phytin phosphorus. The percent 

calcium in the litter remained fairly constant in all lots, but appeared 

slightly higher in the August samples. Total phosphorus of May litter 

samples ranged from 0.55 percent for the lots fed 0.269 percent phos

phorus to 1.41 percent for the lot fed the highest level of phosphorus 



Table 20. Calcium and Phosphorus Contents of Litter from Pens of Laying Hens Fed Graded Levels 
of Phosphorus. 

Total May 
f 

T August 

Dietary 
Phos, 
(%) 

Cal
cium 
(%) 

' Total ' 
' Phos. ' 
' (%) f 

Inor
ganic 
Phos. 

(%) 

, Phytin 
f Phos. 

(%) 

| Calr 
, cium 

(%) 

' Total 
' Phos. 
' (%) 

' Inor-
' ganic 
' Phos. 

(%) 

, Phytin 
, Phos. 

(%) 

0.269 4.56 0.57 0.39 0.15 4.87 0.70 0.51 0.16 

0.413 4.54 0.86 0.60 0.16 4.93 0.99 0.77 0.16 

0.714 4.63 1.41 1.19 0.15 4.98 1.57 1.28 0.17 

0.213 4.60 0.55 0.39 0.17 4.90 0.68 0.47 0.18 

0.411 4.46 1.00 0.75 0.16 4.76 1.29 1.05 0.17 



(0.714%). Total phosphorus was slightly higher in the August sample 

than those in May.. A relatively high inorganic phosphorus content was 

found in the floor litter, ranging from 0.39 to 1.41 percent for the May 

samples. The levels found in the litter paralleled those contained in 

the diets. The phytin phosphorus content of the litter remained constant 

in all lots and differed only slightly from that found initially in the 

straw. Since there were no significant differences in egg production 

between birds in individual layer cages and those in floor pens, the 

phosphorus in the litter apparently did not affect the reproductive per

formance of the hen. 

Phosphorus content of the shell remained constant in all lots, 

ranging from 1069 ppm to 1100 ppm, and housing had no effect on the 

phosphorus content of the shell (Table 21). The phosphorus level fed 

had no effect on the thickness of the shell. Shells from the 0.411 per

cent phosphorus fed birds in cages had significantly thinner shells, but 

this did not appear to be due to treatment. 

Serum calcium and phosphorus values are given in Table 22. 

The birds receiving 0.19 percent phosphorus and housed in individual 

layer cages appeared to have a lower serum phosphorus level than the 

other lots; however, this did not hold true for birds fed the same phos

phorus level in the floor pens. No differences in calcium levels were 

observed between treatments in either floor or cage birds. Average 
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Table 21. Effect of Phosphorus Supplementation on Egg Shell Thickness 
and Phosphorus Content. 

. Total 
Dietary f Shell Thickness (mm)'* 

r 
f Shell Phosphorus (ppm) 

Phosphorus T 

(%) 
Floor ' 
Birds ' 

Cage 
Birds 

' Floor ' 
T Birds ' 

Cage 
Birds 

0.269 312 ± 4 1 319 ± 7 1095 1082 

0.413 302 ± 3 322 ± 3 1096 1083 

0.714 302 ± 7 323 + 6 1087 1074 

0.213 308 ± 5 314 ± 5 1069 1098 

0.411 317 ± 7 277 ± 7 1100 1090 

+ Standard deviation. 

^ Times 1, 000. 
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Table 22. Serum Calcium and Inorganic Phosphorus Content of Hens 
Fed Graded Levels of Phosphorus. 1 

T 

Dietary t 

Phosphorus t-
Level f 

(%) 

Cage Floor Average 
T 

Dietary t 

Phosphorus t-
Level f 

(%) 

Ca ' 
Mg. % ' 

f 

Phos. 
Mg.% 

Ca ' 
Mg. % ' 

f 

Phos. 
Mg. % Mg!% 

' Phos. 
' Mg. % 
t 

Diet No. 1 

0.269 18.12 4.45 26.88 4.54 22.5 4.50 

0.413 20.14 4.24 24.42 4.51 22.3 4.38 

0.714 21.02 4.19 26.68 4.89 23.9 4.54 

Diet No. 2 

0.213 19.28 4.13 23.16 4.77 21.2 4.45 

0.411 21.20 3.76 26.88 4.70 24.0 4.23 

* Samples taken after 16 hours fasting. 
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serum calcium and inorganic phosphorus values for combined floor 

and cage-housed birds were 22.78 and 4.42 mg. percent, respectively. 

Experiment 2. Periodically during the study, the basal diet 

was analyzed for total, phytin, inorganic, and lipid phosphorus, and 

the values for each fraction are shown in Table 23. The phytic acid 

phosphorus content of the basal diet was found to be 0.083 percent, 

which amounted to 43.00 percent of the phosphorus found in the basal 

diet. Thirty-one percent of the phosphorus in the basal diet was found 

to be inorganic. Analyzed total phosphorus values came very close to 

the corresponding calculated value and are used throughout the study. 

Average egg production, over the entire forty-four week exper

iment for those lots continuously fed the phosphorus supplemented diets, 

ranged from 34.6 percent for Lot 1 fed the unsupplemented basal diet 

(0.193% total phosphorus) to 69.6 percent for Lot 3 fed the same basal 

diet containing 0.385 percent total phosphorus (Table 24). When the 

basal diet was supplemented to contain 0.265 percent total phosphorus, 

a concentration intermediate between Lots 1 and 3,. egg production was 

59.9 percent on a hen-day basis (Lot 2). This rate of egg production, 

though significantly greater (25.3%) than that of the basal lot (Lot 1), 

was also significantly lower (9.7%) than that noted in Lot 3 at the five 

percent level of probability. 



Table 23. Phosphorus Concentration in Experimental Diets. 

Total Phosphorus 
T 
, Distribution of Phosphorus 

r f 
' Supple-^ ' 
' mented ' 
r Phos. ' 
r (%) 

Total 
Inorganic 

Phos. 
(%) 

Lot Calcu
lated 
(%) 

f 
, Analyzed 
, (%) 

, Phytin 
, (%) 

t ! 
T Inorganic , 
, (%) 

Lipid 
(%) 

r f 
' Supple-^ ' 
' mented ' 
r Phos. ' 
r (%) 

Total 
Inorganic 

Phos. 
(%) 

1 0.15 0.193 0.083 0.060 0.016 - - 0.060 

2 . 0.25 0.265 0.083 0.060 0.016 0.100 0.160 

3 0.35 0.385 0.083 0.060 0.016 0.196 0.258 

4 0.45 0.470 0.083 0.060 0.016 0.293 0.353 

5 • 0.55 0.569 0.083 0.060 0.016 0.389 0.449 

6 0.65 0.675 0.083 0,060 0.016 0.484 0.544 

1 U.S.P. CaHP04.2H20. 
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Table 24. Effect of Phosphorus Supplementation on Egg Production, 
Feed Conversion, and Mortality of White Leghorn Pullets. 

(Continuous Treatment) 

Lot 
, Total 
, Phos. 
, (%) 

T 

, Avg. Egg Production 

, Winter*, Summer ̂  Total^ 
(%) (%) <%) 

' Lbs.Feed' 
' per Doz. ' 
' Eggs ' 
f t 

Mortality 
(%) 

1 0.193 43.3 a>4 19.4 a 34.6 a 8.19 68.0 

2 0.265 68.1bc 45.7b 59.9 b 4.84 16.0 

3 0.385 74.5 C 60.9C 69.6 c 3.91 12.0 

4 0.470 65.8b 52.8bc 61.lb 4.29 8.0 

5 0.569 73.1C 49.4 b 64.5 bc 4.41 4.0 

6 0.675 74.7c 58.4C 68.8C 4.11 4.0 

* For the period Nov. 9, 1960 to May 24, 1961 mean max. temp. 75.0° F. 

2 For the period May 25, 1961 to Sept. 13, 1961 mean max. temp. 
99.1° F. 

3 For the period Nov. 9, 1960 to Sept. 13, 1961 mean max. temp. 
86.3° F. 

4 Means with different superscripts are significantly different (P < 0.05). 
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Increasing the level of total phosphorus above 0.385 percent 

failed to improve egg production. Egg production for lots receiving 

0.470, 0.569, and 0.675 percent phosphorus diets were 61.1, 64.5, and 

68.8 percent, respectively (Lots 4, 5, and 6; Table 25). With the 

exception of the performance noted in Lot 4, these production levels 

were not significantly lower than those observed fed 0.385 percent 

(Lot 3). 

The egg production pattern of all lots during the "winter" and 

"summer" months was similar to that discussed earlier, with the 

exception that production in Lot 2 (0.265% phosphorus) was not signifi

cantly different from lots fed higher levels of phosphorus during the 

winter months. A significant increase in, egg production was noted as 

dietary phosphorus was increased from 0.193 to 0.385 percent during 

the summer months. 

Summer production levels declined in all lots with the onset of 

high environmental temperatures, as shown in Table 24. However, a 

higher relative production rate previously observed in Lot 3 (0.385% 

total phosphorus) persisted during the summer months. 

The total phosphorus pattern observed in the continuous series 

2 was found to follow the binominal equation y * 3.71 + 273x - 252.8x in 

the range of zero to 0.6 percent phosphorus, with a correlation coeffic

ient of 0.874. Calculation of the inflection point from this curve yielded 



Table 25. Effect of Phosphorus Supplementation on Performance of Pullets Fed Different Levels of 
Phosphorus During the Initial Six Months of Production (for period: April 26, 1961 -
Sept. 13, 1961). 

? 

f 
Total 

Phos
phorus 

(%) 

, 0.265% Phosphorus Series * , 0.675% Phosphorus Series ^ 

Lot ' 
T 

Total 
Phos
phorus 

(%) 

' Egg 
' Production 
' (%) 

' Lbs. Feed 
' per Doz. 
' Eggs 

f 

f Mortality 
, (%) 

Egg 
' Production ' 
' (%) 

Lbs. Feed ' 
per Doz. ' 

Eggs 1 

Mortality 
(%) 

1 0.193 30.4a> 4 10.68 52.0 29.5 a 10.22 56.0 

2 0.265 49.3b 7.12 8.0 55.5 b 4.57 16.0 

3 0.385 53.6b 4.40 8.0 . 60.4 b 3.92 0 

4 0.470 59.2b 4.03 8.0 57.7 b 4.35 4.0 

5 0.569 — - - - -

63 0.675 52. lb 4.88 8.0 61.2b 4.32 0 

* Average egg production during initial six month period (Nov. 9, 1960 - Apr. 26, 1961) was 68.2%. 

2 Average egg production during initial six month period (Nov. 9, 1960 - Apr. 26, 1961) was 74.1%. 

3 Difference between production means of the two series for these lots are significant (P < 0.05). 

4 Means with different superscripts are significantly different (P < 0.05). 



a value of 0.439 percent total phosphorus. This level of phosphorus 

corresponds to a level of 0.306 total inorganic phosphorus (Table 24), 

assuming no phytin phosphorus utilization. If we assume one-third 

availability of phosphorus in the phytin form, then the requirement of 

the laying hen for phosphorus under the conditions of these studies 

appeared to be 0.333 percent available phosphorus. 

Feed conversion, expressed as pounds of feed required per 

dozen eggs, largely paralleled that of egg production. Poorest feed 

conversion values were noted when birds were fed the unsupplemented 

diet, whereas the best conversion values were associated with birds 

in Lot 3, fed the diet containing 0.385 percent total phosphorus (Table 

24). 

Mortality was relatively low in all lots supplemented with an 

inorganic source of phosphorus. Percent mortality was highest (68.0%) 

among birds fed the basal diet containing no supplementation and 

declined as the diet was supplemented with increasing amounts of 

phosphorus (Table 24). 

To determine whether phosphorus intake of pullets during their 

initial period of production affected the subsequent performance of the 

bird, two groups of 120 pullets each were maintained on 0.265 and 

0.675 percent total phosphorus, respectively, for the first six months 

of this study. After six months, these birds were divided into lots of 



five birds each (five replicates per treatment) and fed the phosphorus 

supplemented diets shown in Table 25. During the initial six-month 

period, pullets fed the 0.265 and 0.675 percent phosphorus containing 

diets produced eggs at a rate of 68.2 and 74.1 percent, respectively 

(Table 25). This level of performance was very similar to that of lots 

fed similar phosphorus levels in the continuous phase of the study 

(Table 24). " • * 

Egg production of pullets previously fed 0.265 percent phosphorus 

after a change to diets containing graded levels of phosphorus, showed 

percent production levels of 30.4 to 59.2 in lots fed 0.193 and 0.470 

percent phosphorus, respectively (Table 25). Pullets fed a higher level 

of phosphorus (0.675%) in the same series had a slightly lower rate of 

egg production (52.1%). It should be noted, however, that differences 

in rate of production observed among lots fed the phosphorus supple

mented diets (0.265 to 0.675%) failed to approach significance (P > .05) 

although all were significantly better than the unsupplemented basal 

diet (0.193% total phosphorus). 

Change to diets of lower phosphorus content after six months 

of production in the 0.675 series produced egg production values which 

were similar to those observed among identically fed lots from the 

0.265 series (Table 25). A sharp decline in egg production was noted 

in Lot 1, when the total phosphorus content of the diet decreased to 



0.193 percent from 0.675 percent. With the exception of Lot 6, signifi

cant differences were not found between means for lots fed identical 

diets in the 0.265 and 0.675 series (Table 25). 

To provide a comparison among lots in all series, performance 

data for pullets in the continuous series were calculated for the period 

coincident with that of the 0.265 and 0.675 series (Table 26). The per

formance pattern for the lots in the "continuous" series was similar to 

that obtained with either the 0.265 or 0.675 series. Pullets fed the diet 

containing 0.385 percent total phosphorus from the onset of the studies 

had the highest level of egg production, which was 10.2 and 3.4 percent 

higher than that produced by the corresponding lots in the 0.265 and 

0.675 series, but these differences failed to be statistically significant. 

Feed conversion in-the 0.265 and 0.675 series paralleled egg 

production. The poorest feed conversion was noted in the lots receiving 

no supplemental phosphorus. Only the unsupplemented lots had exces

sive mortality (Table 26). 

The shells of eggs produced by birds fed the basal diet (0.193 

total phosphorus) were found to be thinner than those produced by hens 

fed the supplemented diets (Table 27). Egg weight ranged from 60.4 to 

56.5 grams, but these differences could not be related to dietary treat

ment, whereas changes in body weight paralleled the total phosphorus 

content of the diet (Table 27). Loss of body weight by pullets fed the 



Table 26. Performance of Pullets as Affected by Phosphorus Supplementation and Previous Phosphorus 
Level (for period: April 26, 1961 - Sept. 13, 1961). 

, Total , 
, Phos- , 
, phorus f 
, (%) , 

Continuous Series 0.265% Phos. Series 0.675% Phos. Series 

Lot 

, Total , 
, Phos- , 
, phorus f 
, (%) , 

Egg ' 
Prod. ' 
(%) ' 

Lbs. Feed' 
per Doz.' 

Eggs ' 

Mor
tality 

(%) 

Egg 
Prod. 
(%) 

'Lbs.Fd.' Mor-
'per Doz.' tality 
' Eggs ' (%) 

Egg 
Prod. 
{%) 

»Lbs. Fd.' 
'per Doz.' 
' Eggs ' 

Mor
tality 
(%) 

1 0.193 24.0a>1 11.21 44.0 30.4a 10.68 52.0 29.5a 10.22 56.0 

2 0.265 49.3b 5,69 8.0 49.3b 5.69 8.0 55.5bcd 4.57 16.0 

3 0.385 63.8d 4.00 8.0 53.6bcd 4.40 8.0 60.4 cd 3.92 0 

4 0.470 55.1bcd 4.45 0 59.2bcd 4.03 8.0 57.7bcd 4.35 4.0 

5 0.569 52.8bc 4.80 0 - - - -

6 0.675 61.2cd 4.32 4.0 52.1bc 4.88 8.0 61.2 cd 4.36 0 

Statistical evaluation based oh composite analysis of all three series.. Means with different superscripts 
are significantly different (P < 0.05). 

Oi 
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Table 27. Effect of Phosphorus Supplementation on Shell Thickness, 
Egg and Body Weight, and on Concentration of Blood Con
stituents. 

(Continuous Treatment) 

Lot 

Total Shell Phos- Thick Egg Wt phorus 

r Serum ' 
.af*e'Alk.Phoe' 

R
ir\ Til* f phatase Body Wt.1* .. 
(gms.) Activity 

(mM/ 0 

Liter)' 

Total 
Blood 
Phos
phorus 

(mg. %) 

1 0.193 .322 57.il - 164 26.62 119.8 

2 0.265 .366 59.9 + 45 21.30 136.3 

3 0.385 .362 56.5 + 101 19.63 134.6 

4 0.470 .361 56.8 + 111 18.24 137.8 

5 0.569 .367 59.4 + 176 18.31 134.8 

6 0.675 .367 60.4 + 195 17.25 140.4 

Average initial weight minus average final weight. 

Amount that will liberate 1 mM. of p-nitrophenol/hr/liter of serum. 
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basal diet (0.193% total phosphorus) indicated that this phosphorus 

intake level was below that required for body weight maintenance. 

Diets containing more than 0.193 percent total phosphorus appeared to 

provide a sufficient amount of this element for body weight maintenance. 

Total blood phosphorus was relatively constant in all lots 

receiving phosphorus supplementation (Table 27). The total blood phos

phorus appeared to be lower in the supplemented lots (Table 27). A 

similar pattern was observed with serum alkaline phosphatase activity. 

The unsupplemented lot had slightly higher activity than the supple

mented lots, which is characteristic of a phosphorus deficiency (Table 

27). 

During the tenth e^erimental period chromium oxide (1.0%) 

was fed with each phosphorus diet of the continuous series. Feces were 

collected and analyzed for chromic acid and phosphorus. A total of ten 

samples was taken from each phosphorus level for analysis. From 

these data percent phosphorus retention was calculated by the formula 

in Table 28. Phosphorus retention appeared to be inversely related to 

the  phosphorus  l eve l  fed .  There  was  l i t t l e  d i f ference  between  Lots  1 ,  2 ,  

and 6. Lots 3, 4, and 5 had lower phosphorus retention values. 

The amount of phosphorus available to the body (per kilogram 

of body weight per period) is given in Table 28. . From these values the 

amount of phosphorus for body maintenance was calculated. Lot 1, con

taining 0.193 percent total phosphorus, had 4.26 grams phosphorus per 
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Table 28. Dietary Phosphorus Utilization by the Laying Hen. 

, Phos-
Lot , phorus 

: Level 

Phos
phorus 

Re
tained 1 

Amount 
Phosphorus 

Used by^ Body 
per kg. Weight 
per Period 

Percent 
"Retained" 

Phosphorus3 
Found 

in Egg 

Body 
Weight 

(gm.) 

1 .15 42.69 4.26 27.89 1539 

2 .25 43.25 5.34 27.28 1670 

3 .35 36.96 5.20 21.37 1657 

4 .45 27.41 4.33 16.39 1673 

5 .55 30.43 6.94 13.13 1872 

6 .65 42.74 12.22 11.68 2210 

1 feed Cr„Oo Feces phosphorus 
Percent retained * 100 x x 100 

Feces CrgO^ Feed phosphorus 

2 Amount used by body per kilogram body weight per period « 

amount retained - amount in eggs 
body weight (kg.) 

3 Albumen, yolk and shell considered to contain 121 mg. total phos
phorus. 
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kilogram body weight over that in the eggs produced, and this lot lost 

a total of 220 grams in body weight during the experiment. Lot 4 

receiving 0.47 percent total phosphorus had essentially the same amount 

of phosphorus available for body maintenance but did not lose weight. 

Of the total phpsphorus consumed, only a small amount can be 

accounted for in the eggs produced (Table 28). Percent of the total 

phosphorus consumed found in the egg appeared to correspond to the 

amount of phosphorus found in the diet. Eggs from the lot receiving no 

supplemental phosphorus (0.193%) were found to contain 27.89 percent 

of the total dietary phosphorus consumed, while the lot receiving the 

0.65 percent total phosphorus diet was found to contain only 11.68 per

cent of the phosphorus consumed in the diet. 

Bone ash values for all three series are given in Table 29. 

Although the lots fed 0.193 percent total phosphorus appear to have a 

lower bone ash content, the differences were not statistically signifi

cant. There were no differences noted between the continuous 0.265 and 

0.675 series. 

Summary 

The first study was designed to establish the minimum phos

phorus requirement of the laying hens and to determine the effect of 

housing in floor pens or in individual layer cages on phosphorus needs. 
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Table 29. Effect of Phosphorus Supplementation on Bone Ash of Laying 
Hens. 

» » t t 

Lot ' Phos. 
' Level 
' (%) 

, Continuous , 
f. Series Percent , 
, Bone Ash , 

0.265 Series 
Percent 

Bone Ash 

f 0.675 Series 
t Percent 
, Bone Ash 

1 0.193 60.16 + 2.25 1 58.33 ± 1.10 58.00 + 2.95 

2 0.265 61.32 + 1.49 60.26 + 0.20 

3 0.385 63.05 ± 1.15 60.61+ 1.69 62.16+1.55 

4 0.470 61.86 + 1.70 60.69 ± 0.85 63.56 + 1.53 

5 0.569 61.28 + 1.48 

6 0.675 61.52 + 1.95 62.31+ 2.70 

1 
+ Standard deviation. 
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White Leghorn pullets were distributed among ten floor pens 

of 25 pullets per pen and among ten lots of twenty pullets each in individ

ual wire cages. Two semipurified diets were employed, one containing 

0.269 percent total phosphorus, and an "all vegetable" protein diet 

containing 0.213 percent phosphorus. To these basals were added 

graded levels of supplemental phosphorus. 

The egg production was significantly lower in the lots fed the 

diet containing 0.213 percent total phosphorus than in the other lots 

tested. Due to the wide variation in production noted between replica

tions, no significant differences were found in egg production between 

birds housed in floor pens and those house in individual layer cages. 

The phosphorus level fed had no effect on the thickness of the 

shell or the phosphorus content of the shell. 

In the second study, a degermed corn basal diet was used con

taining 0.193 percent total phosphorus. This diet was supplemented 

with dicalcium phosphate to contain 0.193 to 0.675 percent total phos

phorus in approximately 0.1 percent increments. Each phosphorus 

level was replicated five times, giving a total of twenty-five birds per 

treatment. 

The lots receiving only the basal (0.193 percent total phos

phorus) had a significantly lower (P > .05) level of production than did 

the other lots tested. There was no significant difference among the 
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phosphorus supplemented lots. The minimum phosphorus requirement 

was calculated to be 0.306 percent total inorganic phosphorus, or if we 

assume one-third availability of phosphorus in the phytin form, then 

the requirement of the laying hen for phosphorus under the conditions 

of this study appears to be 0.333 percent available phosphorus. 
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