
EFFECT OF PHOSPHORUS SUPPLEMEHTATION ON THE 
REPRODUCTIVE PERFORMANCE OF THE HEN- . " '

: ; . AND THE CHEMICAE COMPOSITION -' ; ' ̂
:

- ■ - by-' :
; -Terrell A» Crowley

A . Thesis Subnilt'ted, ,to the .Faetilty of the 
DEPARTMENT OF BIOCHEMISTRY AND NUTRITION

In Partial :F;tilf lilmen-t " of the . Requirements
-,' : -  For: the. Hegr ee: - of < . - / ;
 ̂ " 'p 1 .

■Inittie Cratfqate College ■ 
UNIVERSITY OF. AR.1Z0NA ■ .





STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfill
ment of requirements for an advanced degree at the 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library.

Brief quotations from this thesis are allowable 
without special permission, provided that accurate ac
knowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the 
head of the major department or the Dean of the Graduate 
College when in their judgment the proposed use of the 
material is in the interests of scholarship. In all 
other instances, however, permission must be obtained 
from the author.

This thesis has been approved on the date shown 
below:

SIGNED:

APPROVAL BY THESIS DIRECTOR

A.' A. ftUKJNJLG&. '
Assistant Professor of Poultry Science



TABLE OF CONTENTS

Introduction 3 Review- of LiteratureB ® » «
Results and. Discussion « e <> « ® »

Chapter X The effects of phosphorus supplements 
on the rate of egg production and the 
infernal quality of eggs from So.C@ 
.White Leghorn Pullets 9 > » > « « » •

Chapter XX ■ - The effects of phosphorus supplements 
on the external quality and the chemi
cal composition of the shell» * * » B

Conclusion
References

□

. l 
26

26

6^
101
lo4

11



ACKMOWLEDGEMEETS

The author expresses sincere gratitude8
To Dr,' A a A s Kurnick for eounsel and guidance during 

the course.of this study and in the preparation 
of this thesis&

To Dr» He W, Pasvogel and the Poultry Science Depart
ment for cooperation, and for providing facilities 
and experimental 'animal's- for this study®

To Brso Ho Tucker,. A» R 0 ICemmerer, and M 0 Ge Vavich 
for their helpful suggestions in the preparation 
of this thesis®

To Soft Phosphate Research Institute Incorporated 
for making available funds for conducting this 
experiment® .

To My.wife, Freda, for her patience and encourage
ment, and-aid in typing this thesis®

ill



ABSTRACT

Eggs were obtained on consecutive days twice each, week 
from each of five lots of S « Ca White heghorn Pullets (5® pul- 
lets/idt) that were fed a practical type basal diet supplement
ed with either soft phosphate with eolloiddl elay3 a commercial 
graded.diealcium phosphate9 or with a combination thereof® One 
lot receiving n© supplemental phosphorus $ served as & negative 
control® By analysisg the diets contained (%)s protein 18e55i; 
0*^9, calcium 2$ 3® § Phosphorus 0»?224h®01? and 0®4l3,*0$033® 
'Calculated, inorganio phosphorus was 0s59® and 0e200 percent 
respectively® '

The lot receiving no supplemental phosphorus had a 
significantly higher (P< eOl) rate of egg production than 
the other lots tested® This was evidenced during the winter 
and summer- months a The n©n-si$pplemented lot also had.-a better 
feed conversion when expressed on either a Ibe/doa® eggs or 
gme/gma of egg basis® The values for this lot were ^s29 lbs®s 
and 2®69 gme respectivelys while the.averages for. the other 
lots tested were 85 ;B.nd 3®03gmo respectively®

There was a greater loss of body weight among the 
birds in the. lot receiving no- supplemental phosphorus than 
in those fed the supplemented diets® This still did not 
affect the rate of egg production in the lot fed no supplemental 
phosphorus® There was no significant difference between treat
ments in the percent- hatchability of fertile eggs® The lots 
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receiving the higher levels of diealclum phosphate (Xots.7 
arid. 9) had ' signifleantly • heavier {P4 'reQl). eggs than: 'those : '

: -;;ih: the : other/lotsitested, ' vr"t:" : : / ; r..i/'::
: v: = The differences^ observed;rim;: the Im'termal quality of,

. the. egg :cQuld mot be associated with dietary treatment9 ' '
■ since when' significant differences' were: observed they were 
'without exception.observed in the non supplemented lot and.in

• , at :ieasf ohe: phosphorus . supp:l:emem'fced':lofe " \ ; 1 ■ ■ . ’
. Atisolute: : and relative; wei^ts- of shells from, eggs' .in ;
:■ail treatments decreased^ as.previously reportedy beginning 
. with 'the' fourth, experimental' month (&p'rllg 19^8), This .
. decline was apparent after the shell indexg ,'miniml.sing .the 
.; effect ,of increasing egg s 1 ae■ oh '.percent shelly was, computed*
■ •/Ihe.-non^sappiemhrited. 10t'';ha.d' a ,signifioahtlyhigher :,d
''' percent. shell and; shell.-, indexs when, compared with the lot 
receiving all soft phosphate with colloidal clay* ,

:' ' ., Caleiuma phosphofus g ■ and., prof ein determinations were
; .carried out '-at monthly, intervals on: poqled .samples of shells 
'ffom the' eggs ̂ /tihed/ahdve*;: ■ dalbiuti - and'- protein -content, of 

;''the:'' 'sheilas ,remained^ relatively eohstantg; 36® 85±» 06 and 4* 651 - 
slO- percent respectively* Total;phosphorus of shells declined

■ sharply :In all., lots f rom 1127±26 to 95%;30 ppm® Regression ' •
■ analysis indicated a significant difference in the rate of •
: decline of shell phosphorus between the 's:upplemented;and- : ' : i’;

ndh-=si^>pidmen,ted 'lots * The rate of decline was curvilinear 9 ,
'.being accelerated, as the study progressed* - . .;



There was a correlation between the decline'In percent 
shell and the decline in phosphoruss This correlation could, 
not be reproduced .physiologically when shells of different 
percentages were analysed,? H© differences were observed be= 
tween treatments in the percent bone ash or the calcium and 
phosphorus concentration of the shells



INTRODUCTION g . REVIEW OF LITERATURE

Need:Tor Inorganic Supplement1 ~ ' -

Wheeler' (1903)g attempting ..to determine tlie-value of 
minerals eontained in ddmmonly used feedstuff's of vegetable 
©rigiBg added- sand and. grourid- Florida . r®<glc pladspliate ̂ te daj 
©Id elaiiBk diets'e' The growth of chicks fed the phosphorus 
supplemented diets was observed to- be superior to that of 
birds fed the diet .supplemented withonly sande-

The. results of ..iiheeleK9s workg indicating a - possibl e 
need for mineral supplementation of poultry dietsg received ■ 
very little attention until Eennard (1919®. 1921) demonstrated , 
that a diet composed of - grain and. soybean oil meal .will 
support satisfactory growth of chicks to eight weeks of age 
when supplemented with three parts of bone ash* Subsequent 
work by Phillips and Hauge (1925),indicated that soybean.oil 
meal was'a satisfactory source oi1' protein' for laying hens 
when the diet was supplemented with minerals a1

I The 'Tlmlted utilisation of phosphorus from grains 
and other vegetable sources, by some animal species was sub
sequently demonstrated; by Bruce and Callous (193^)> using 
rats'o'- -These .workers recorded a lew availability for phos= 
phorus when it occurred in the form of inositol hexaphosphorie 
acid® The distribution of phosphorus in this form in plant



materials' was reported...by Harris and Bunker. (1935) s- whd: found 
that between 45 and 85.peroent of the total, phosphdrus in 40 
strains of oorn9 existed in the .organically , bound forms’ /
.'.-l̂ te.rwork- by Heuser et als1' (1943) suggested that a ; “reasonable ' 
quantity? of.man phytin phosphorus must be included in the diet 
of chicks for normal growth and bone ealeifioationQ

■ Phytic acid and' its salts are oolleetively termed' 
phytin© "The- .phosphorus ' found; in plants exists mainly in this : -■ 
forms' ,In cereals and cereal by-products .the phytin is found , 
in the outer bran layers (Harris9 1955).

JLewe et alt: C1939) reported that the addition ..of 0o;3^9 
. percent phytin phosphorus to a basal diet s containing 0*41 .
percent inorganic phosphorus9 did not improve ealeification 
of - the bones of chicks $ whereas. addition of equivalent amounts. 
pf dibasic sodium, phosphate' raised, the bone ash ten percent © 
Singsen and Mitchell (1944) stated that plant protein concen
trates' may be used for .growing stock, without recourse to . 
supplementary inorganic:phosphorus 9 provided unheated leafy 
materials were incorporated Into the ratl©ns or access was 
provided t© either green grass 9 lea.fy forage9 ©r to ranger ' 
:They suggested ...that phytin phosphorus was efficiently .utilised 
■by chick's when the rations contained a sufficient amount of .'a 
phytin ■splitting enzyme phytase:,®l This theory appeared to be. ■



untenable however9 in view ’ of tbe .results of McG-innis et als 
Cipfefy) . and' Spitzer : et al&. (1945 « 19̂ -8) g wh.o. have shown that \ ' 
ptiytin utilization was not affected by the,presence or absence 
of phytase in the diet9 and that this enzyme was naturally 
present in'''the '-digestive - tract of ; animals a' - Gillis et al@"' .
. (19^91 shdwed that replacement of an adequate level of . 
available inorganic phosphorus by., pregessively higher levels,. 
of phyting resulted in a. rapid decline .in growth and calcific 
eatidhg and in a-marked increase in the Vitamin B requirementsV 
However9 the Vitamin B did not overcome the adverse effects 
associated with a low dietary level of non phytin phosphorus© 

Phosphor us''' balance trials have been conducted '.with; ;; 
chicks during the age intervals of one to seven weekss with 
diets containing O’*385 ."percent phosphorus@ These diets were 
supplemented with, .various organic and inorganic sources of' ..; 
phosphorus (Mikolaiczulcs 1949)1 The mean phosphorus, reten
tion of calcium magnesium phytate was 16 percent9 which was 
'considerably'lower than that of. the orthophosphates tested!
It has been geaefally . assumed., by most investigators' that the 
phosphorus of the phytin molecule was very inactive in the 
body of the chick or the poults and that the intact molecule 
passes, out of the: body in;the feces (Commons, 1939)°;: -. ; / :
: • ' Singsen et alg (1956) showed that phosphorus of the
phytin moleculeg fed a phytin tagged with P-^g could move 
quidkly and easily.throughout.the body9. as was evidenced by



tti© ■ presene©.; ©f iti .tfe.© t>©jae®: Howevers- ,tiiis , does not
indioate tliat./tlie pliosplidrtis Has contributed to tbe
net gain of tiie element for bone ealcifieation since upon 
ashing of the bone low bone ash values were ©bserved®' It- ' 
was eoncludedg tiieref ©r.e s that. the phytin. phosphorus merely .. 
enters into- an-exchange reaction with the exis ting phosphorus 
in the:bone®

/ Gillis g et alo' (19571 have isolated phytate as .the
- calcium salt from : kermel,s.: of -corn which carried - #32®' The 
corn was prepared -by inje.eting -a - solution, ©f directly
into the corn stalks as -the-grain approached maturity®
Hofaial young- chicks utilised: ̂ 3̂ - labeled calcium phytate 
©illy about --one - tenth- as effectively as ihorganic ©r thopMos" '
.phate ; 1b the presence of a Vitamin B deficiency
the chicks did' not.. make significant- us© @f phytin phosphorus ® 
However5, the utilisation of .the inorganic source' of the iso= 
tope-,by.--the; chick was -not impaired, by Vitamin B .deficiency® 

The-utilization of phytin phosphorus by laying hens' 
has.not been adequately defined® Goraraon (1939) -obtained 
evidence that-..a large, part of phytic acid in the diet of 
laying hens - rema.imed unhydrolyzed as it .passed- through the. . 
digestive tract.®' To .give.- support to CommG-nes work8 G-illis 
et alf (1953) showed that phytin phosphorus was not as satis
factory as Inorganic phosphorus in-meeting the requirements 
.of, laying birds s'- This was - true when purified, calcium : 
phytate:and phytin. found in common feedstuffs of plant origin



' were us©d*.. .It: wa.s. estimated tfa.at . pb.ytxn pliosp.txorus was utilized 
abeut ©ae half as' well ,4s diealelum pliosph.ateo' G BRourk<a ..et al@ - 
C195H'} construe ted a s emipurifl e d diet containing Q® 19 percent 
pbospli©rus9;: of mMlcb 0:e'12 percent was piiytia pHospliorias©, Tills 

' :. ration did not smpport ■ ̂ aormalM egg production s,nd hatebability© 1 

’ . 0 gR©urke et al# (1955) slaowed. that..normal egg -prod.uetio.n and ; V' : 
'hatehablTity eomld he. maintained, on a basal diet containing 
0<,-43 percent total phosphorus ̂ howeverg . the percent of phytin 

: phosphorus' present yiB..:the .diet ,was not glven@ ' ' ■ , ,' :, , :
■ ' Penner ' et ;al0 (1958) showed that ..hens maintained .
^normal5®' egg production., and egg. shell, quality nhen fed a basal; . 
diet, containing' no supplemental.phosphorus,! howeverg again the. .

. percent' ©f'.phytin' phosphorus .present was not given'o -' : v - V;;''V:,■

Availability.: of. Sumil©mental,. Xnoraanic .Phosphorus.

. . Sihce- early investigators, ha ye' shown that phosphorus
- - ,1m' the, organic .fer.m,g .as; ■ found.in-: aomiapn ■ feedstufTsg was not . .
- utilised' to any great extent 'by the .eii-iek9 ' attention lias . r. 
been directed to inorganie supplementation^: Much work has
been done to determine the best inorganic supp.lement0 - 

. . Initialwork by.', Bird 'and .- fiaskey: .C 19̂ 3:1 § psihg' a low phosphorus :■
prae t leal; typ e - basal - diet" and, bone ash s.sa measure - of phos- 
\ phorus availability g indicated, that amorphpus calcium. m.e.taphos=

, phat.e was, a satisfactory supplement when compared with tricalcium 
' : . phosphate».' , Gerry - et4 alh' {19W3 . showed, that raw - rock phosphate v ,. 

and colloidal' x#.ospha.te: retarded, growth-.;©f:: ohiokens under eight. .



weeks of age | tiowever s t.b.±s was overeome at an early age 9 
when -the• diet contained less than 0e0.68 percent fluorine® 
Superphosphates and rock phosphates’ Were found to. be high / , 
in fluotineo These ".phosphorus supplements' were 'detrimental 
to growth if they contained more than 0® 38 percent of 
fluorine (Gerry et al®̂  1947)® .

Usirig growth and percent bone ash as criteria for - 
measuring availability of. phosphorus in chicks 9 Singsen 
and. Scott (19^6) revealed that sodium acid phosphate 9 tr.-i- 
■ calcium 'phosphate3; atitd, bone meal9 were 'of equal, value's, , and • 
readily available to the chick® G-illis et al® C 19̂ *8) 
reported that orthophosphates9 including potassium acid 
phosphateg pure beta' .and tricalcium phosphate9 and reagent 
grades of mono-9 di-y and tricalcium phosphates were 
excellent sources of phosphoruss and were slightly more 
available than: steamed- bone, meal©; .The def luorinated super
phosphate and defluori'nated phosphate rock products were 
found to be good source's of phosphorus 9 but slightly less 
available than:the pure orthophosphates or steamed bone 
■meal® -.Further/evidence /of the availability of bone mealg. ' '
.dicaleium' phosphate9 defluorinated phosphate 9 and Curacao 
Island' phosphate 9. was furnished, by Miller and Joukovsky , • 
(1953) o/ • G-rau .and'.Zwelgart' C'1953) . found that phosphatie 
clay is. not as. Valuable a source of phosphorus as is bone 
meal© These workers concluded that the growth limiting



factor was not -assoetated witli fluoririe3 because wihen sodium- 
fluoride was added to a diet supplemented with, tricaleium 
ph.0spbateg it did not depress growtii or affect caleifieation®

' 'r Usibg. tee - ash. determinations for measuring the degree
of calo-ifleation$ , Johnson et alo (1953) ' found that feeding 
four.percent soft phosphate (Oo 36% phosphorus} with colloidal 
elay 'preduced satisfactory calcification and: growths - &. 

similar growth response occurred with a two percent level 
(Oo 2 ^  phosphorus) of steamed bone meals, Using a practical 
. type diet,: Gillis - et alffi’. (1951), concluded - that the phosphbrus 
in colloidal phosphate was about one fourth as effective as 
orthophosphates, for chick growth and home calcification^

-' -A solubility, procedure, for .measuring the availability 
of various phosphorus supplements was developed by Reynold ;' 
et ale. (194-4) o The availability was based on their solu
bility in :0 o4 - percent hydrochloric acide The solubility of y 
hydrated: dicaelium phosphate was found to be 100 percents 
that of alpha tricalcium phosphate 7?®6 percent9 and beta 
tricalcium 760 8 percente The -solubility of two steamed 
bone meal samples was 98o 2 and 10© .perceht9 whereas that -of 
defluorinated phosphates ranged from 29® 2 to 94e 2 percent® 
Colloidal phosphate'was found to be 69®2 percent solubleo 
. -, \il'-'bi.plogi©al-.'a.ssay :'pr®ceduf.e; was developed by '-'. • 

Gillis et ale' (1951)9 who used a blood fibrin-eerelose 
purified type diet,a containing about 0005 percent total 
phosphorus , to. compare the .relative' ’availability of a number '



: ..." : ; ■■ ' ; : : .. . ■ - ̂  
of common piaesphoreis stapplementsV The growtli and b©ne ash z
©f ehieks fed several phosphorus supplements.were’©empared
f©- these ■■of ehieks fed ..trieaTeiittm .phosphate whiqh had been
assigned the biological value of 100o All orthophosphates.
were'found to be readily available0 Bone meals were good
seurces ©f ph©sph®ms©r Host ©f the pyrophosphates were
completely unavailable^ as were the metaphosphatesThe
authors pointed out that.the.HGl .method of estimating '
availability had only' limited usefulness®; - Solubility could
mot be taken as am Indication of biological availabilityV
■ It. was- ‘pointed out that ' the rather soluble alpha9 betas and .
gamma calcium pyrophdSphates were completely unavailable
biologically©- ■ .

- Hotzok et al© . (1956) studied the availability of • .
twenty^seven.'phosphorus, supplements of both reagent and 
commercial grades® These workers pointed out that soft 
phosphate with-colloidal .clay was not a standardized product 9 
and that bone 'ash and growth response were not always of 
the same sensitivity when measuring the biological availa- ; 
bility of phosphoruso This was evidenced when five, samples . 
of soft phosphate with colloidal': clay were .©btaihed from 
different producers® Four samples gave growth and bone 
ash values 'significantly below those observed with; iri- . i. ,■ 
calcium phosphate supplemented diets© One sample gave,a 
growth response significantly below trlealeium phosphate9 '



f : ;:... ): , ' - ̂
bt̂ t '.tb®. .peroeBt bone. ■ asix was not’ ̂ significantly d.iffe’r e n t 1 %

■ - As judged by percent bone asb. and body weight - it was found 
. that tricalcium ;phos.phate9 mono.eaicium phosphate9 d.iealcium ■ 
phosphate8 monosodium phosphates. disodium phosphate 8 Curacao.; 
Island .phosphate9 '.sodium:- fripoiypho.sp.hateB and acid sodium 
pyrophosphateg were -readily available^ ' v.

: - #he- avai.lahlll.ty of phosphor.us to laying hems 'has / : •
VPot been studied as. extensively as with chicks» Ha Ip in 
.and Lamb CI932) .reported that high levels' o f :raw rock phos- '

. phate ' aiid.-phosphati© limestone had s. depressing effect' upon 
egg production• Evans' and Carver (1943) showed that deflupri 
inated phosphate gave - as ^satlsfacf ory* egg production as.. ’

. bone meal 9 when the. .same percentage was included in the diet 0 
' The availability of sof t phosphate - added to a basal practical 
type; diet was- cemparad̂ ^̂ ŵ̂  Veontaining. suppler : ;
mental phosphorusg .ahd .also to a. diet containing diealeimn 
phosphate g by Pe.pper ..et ale (1958):o These tTorkers showed 

■: that there was"' no.' difference .In: egg productlon9, feed . r.eq.uired
> ' . ' ;'eper - dozen-'eggs-9 body;vmai.ntehaned9 .:,or=-egg shell q u a l i t y ■ ., . - 

..Phosphorus ■ ltghuteemeMh,bf ;me;;..ahi^ -

’ . 'Eiigusv; (1931):: peport©d; that >the ̂ requirement for tdtai
. phosphorus" by the chick.was GVS percent of,the diet or;1©SS6 
The author also observed that the . ealeium~=phosph.orus. ratio.



: ' . ' - ; - . ' 10 
eoald vary 1@0§1 and.'2.e:28l^ wSt.li. itermal- results f - but
If tlae ratio was the resolts': /were disastrous® The
phosphorias req.airemeht ; was 'hî fcier dyring the f irst six" to 
eiglit' weeks @f growth than • for the. ensuing twelve weeks- 
wlaeii ph© sphorie aeid- was . tas ©d. as the■: pla©spia©rtis smpplememt 
CSherwood:̂ ' 1932.)'%/' Tlie . ealeitim===pti©sph©rus rati© in the So b© 
was f o#mdg, hy-Haag {l939) g t©. progres.sively iperessefrom■ ■ •
' ll«:25 ''Iri .day old ©hieks s. to 1*'73 im 'SirSs - 2® weeks ■ ®i4e: the
- Rational Beseareli- G o p b ©! 1 (1937) ,listed, the mlmimum -reqwire^ 
ment f @r - ©al©l#m. '-at. 0$:'7 per©eat g.̂ bmt - stated' tha.t .-afeoiat / twioe 
'this am® mat-, was •■4e®toafel@/%:' ■ miaimeittl • t eta I-- phe spho r ms: " ■ 
reqmiremerat, f er. all ages, was f ©and to he ahomt 0e% pereeht .
©r © ®!5 .peffeeBtg allewiB'g- f ©r a, marglB. .-of saf et:y<, It was < 
reported hy .SingseB ,. {19̂ 6),' that ©e t5 pereent non phytia 
phosphorms. in the -: diet, wotsld support excellent growth and 
bone ealeifieatien. in the ohioko ©ptimal results were 
Obtained by Carver et ©-la' (1946) when the- diet contained 
la'6 percent, ealeiiam arid . ©@‘'8. pereent total phosphorusve '' 
SilliS et - al&' (1949) « using; purified and praetieal type v 
..diets @ eOBOluded'', th&t. optimum . early growth and bone, f ormation 
were' obtained with- 0 W6 "percent' - total phosphorus' .In the- die t@ 
of which' 0*4 'pereent -had -to be b o b - phytin phosphorwsi’ Ssing 
a natural'.. 'diet with-some'-phytin-' phosphorus'g G 0Rourke ■ et ’ala . 
(l95%8 1955) demonstrated tiaaf- the reqairomeBt for total 
phosphorus decreased, with age© At least d®;73 pereeh't was



needed for ehieks wp- t© tJaree- weeks of ageg 0»6 percent-from 
'four :to t@n: weeks§• • and.' not mere tliaB ©--ete pereeBt, from’ ten: -
' weeks to : sekual maturltj*1 .

TMe ph.®spMorms re%mlrement ' of laying-pnllets 3%as not 
been ©stablislaede' •’ Brarilen C 19381 conclmded tbat mineral ' ’ 
supplements simwld be : f ed; ad llbitam ..dtie. to th© disparity in 
tbe ealeium 'and pbospliofus requirements .as reported, by-var^’ • 
ions iwestigatorss . ■Approximately- Oi'8© percent total ,.#ios= 
plaoras waSv-required for optimum pr©duotion whentiae . ealeium ■ . 
oontent. of ■ tbe diet. was fixed at eitiaer 2o23 ox* 3‘»©0 percent 
- C$|iller and Bears© s. 1:93^)V ■_ ' ' . , ’ ■ . . ■ v:

-.The work of Eorris et aid, (1934) indicated t.b.at 0e5 ■ 
pe-toetit total pbospboras was not sufficient for., @gg-prodwic-= 
ti’ong. but percent was /adequate o?' ■ 11-iteb.eii'- and Mfpltore
(19371 ' ©xpressed' t.b©,;.r.©qttir©ment by standardizing tMe egg' ' 
pr©duotion ;at. $&. per©©ntg and piiospborus availability at .
©a,'5 percents' Under /tb©se-/e@Bditl©Bs: ■ tM© 'requirement.-was - 
calculated to .be, ©^35 pereeBt-tetal pla©spliorus s- Se/aaible 
C19W1 r.eyiewed tb© literature and- concluded that .0̂ -percent" 
total*pbospb@r«:s; was. xeqmiredj’ but: to'' allow-for a margin ©f 
safety g 04:3 parcemt . recommended^' - . /
. ; Using ©gg shell ttii.ekness and production to determine
th.# .most .satisfactory levelsr'-of caloium.-and ■pbospborus- for- - 
laying bens § Evans. and Carver (1942} stated- tlie total .pbos- 
pbortis requirement in terms of th.e / amount of e&lelum .-present 
’in the diet®' • Wh.#a lv5 percent. • ealeitt»; was ■ present9 846



pereeat total pliosp’aorus was adeqaate9 but if . ̂ ©5 peroent::,? 
calcium was incl«d.ed. in tlie ration s 0 s'8 percent total phos™
■ pliorus,. was.-; edw- >: ■lte@a ■ pereemt ■ ealeiam:was £nelHS©'d>'.
0 o8 percent .ph@spherB@' -was -no't. -as- -s at is fact© ry as 3, o0- percente 
Evans et- al@ (1944) concluded.' tlmt 0©6 percent of total pb»es-= 
phoras :wscSv::a©t ad©4^t@v'; .v . ■

■ Sine©-'aV praeti-eai typ® diet was erapl®y@4-by tiie afeov© 
investxgafors s flae' pkosp.h©rus content of tlie ration w-a-s not 
suffleiently l@w:®j G aB.©urke e,t al© (195&) s therefore^ formu
lated .'a/'semiptirified dlet/.eoptaining; Oeip.vPereent^rfotal ■ 
ph.ospi3.oras s' This diet did not support ^normal^ egg production- . 
©r hatehabili.tyt: Hhen the-- basal ration .' was s'applemented with;
dilsasie 'ealeiam. phdsphateg to eomtaim .0- @3 pere'emt total ' ■
phosphor-tis 9 - ̂ normal®6 produc tion and - hatehability were raain^ 
tained® - This diet oomtained 0o'1.8 pereent non phyting - and- 0612 
peroemt'phytlm phosphorasK . 0%®ark'e. - et al® ■( 1955") ̂ eoneladed-' 
that net more - than 0®4.2' pereent ■ total ■phosphorus was needed for 
laying pullets on • a -pr.aetieal type diet®' Using - egg 'produetlon 
and main.tenarie&■ of body weight as;' .oriteria f or phosphorus r.e- . . 
q,uirements:'9 G-illis et alei 119^1 stated that It. appeared that 
the hen needed. 0®5 percent -.available--phosphorus©.: For maiatea™-
ane© of optimum.- blood phosphorus- levels and- for- the -prevention 
of d® oal c if lea t ion, of bomeg. the -requirement was-:--appro-iimately 
Oc,6 percent available phes-phorus®. Remuer- ®-t. al© C1958} found-- 
that hems fed- - a- diet, c ©a t aimi-m-g - 0 - per e ©mt - total phosphorus--
performed as well as those; whose diets were -furthef ■ supplemented
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wit’a either .aiealeium pliospliate or with soft phosphate with 
eolloidal clay®. ... ’ ,

The' Rel.e of Phosphorus 1m Shell Formation

It has been • known for some .-time that the quality. ©f 
an egg shell is'! iBfltie.noedg •among 'other, factors s by g ; (1.) '
'heredity,- (2.3 seasonal .variationsg and (3) •nutrition,
Taylor, and herner (1939) were able t©-. establish thick and 
thin egg shell laying •strainss. . .Taylor, and Ha.rtin (1928) s . 
and Hays (193?)§;concluded that hereditary Influences probably 
accounted for the Inability of some hens to produce thick shelled 
eggs... even tinder, the. most favor able 'conditions'*-.. .Wilhelm • ('IjNto) 
.showed that the decline in thickness of . the' • shell was -e©rre» 
la.ted with the- rise- in prevailing temperatures'® Thinner 
egg. shells were obtained. 3immediately^ after experimentally i. 
Increasing .the environmental •• temperattire from 20 .0. to 32®g^C: 
(Warren and Schnepelj, 19^0) & .A recovery' in thickness was ' ’
reported after subsequent decrease in temperature® Conrad 
(19391 posttil.ated • that the,. occurrence of soft shells • during 
high 'temperattires might be- due to either a decreased capacity 
of the blood stream to carry caleiumg or to.a decreased intake 
of dietary e-aleitim® ' •

The . mine-ral ,•elements shown to affect shell- quality are 
calcium (Evans et al® ® 19%a| Worris et alB n 1934§ and Evans 
et al.s 0194te) a and manganese in small amounts (Lyons, 1939);
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. Very little iia-f6rmation lias; • tseeiti - made - airailatile eoBe.ertiing ;' '
tlie r@l© ;©f pltpspi'aortis in slaell. quality> .

:$ay-l©r. amd Msre (.1556) -slxowed that s©T@n to. ten
; days be.f@re a ■ pullet isegiBS: to lays :.a new system of see©n=»
dary bone -mbs laid, down under tb.e eembined Influence of .

• amdrbgems amd estrbgems g :1m the; ®drr©w eavitles ©f; all tlie :
bones' in;j the skel-@*®n -in whieh haematepoletie tissue was- ■ : - ■
present® l:hls mednllary b®h@ ferms a higlily. .labile .reserve -

■ ’ of- inineralsv-iatiidtiv are- $aobillE@d; Eaiing1 t&e- e&leii'ieatStefi e#
' ' v: :. . ^5' : "V  -. the egg shel-lv ■- Using Ca. - as a traeega Jowsev. .et al« (1956)
'slx@we,d that.;-a laying^lws;- 4®p@siting:;e:ai:oi'W'OB- - the 'Shell: will
obtain abed.t -per'eent -ef.- the - ealeimm f or. - this sb.ell -f rem • ■
: ' : ■ i ' . : \ ' ' ' ; . . - .the foed in the gut® Evans-and Carver C19^2) found-- that Eo5 ' 
.percent, or ;.'6lgb.er: @f ■.■caleium::'preyefflted'':'''a 'decrease;■■ih.'-b'gg' ■; '
shell thiekmess only if the ..level of. phospliorMs t»/as satis=

... factory® V / ‘ .. . . .. ' . ' - . ■ ■ ■ ■ ' ’ . .. . : .
v ..There still seems to be soWe question - as to the amount
of phesphorus found in the -sliell'e .Stewart (1935) stated that 
it .was., well-v©stablisteed ■ that .'tWf'e #17.3 peroen#.f ;
' pkosphorus}: in the. bgg . shellt' Romomoff amd -Bemoneff'" (1949) 
listed the; egg-, shell ̂as;. .©©ntaittihg' @1:S pancent ■ ele.m@ptal. phos.^ ‘

: phorus®'.' .'Al#qulst an&': Bur#ester' ̂ (l93%i gave - t&e" phosphorus ; - '. 
content -ofthe shell at around. 0®15 percent PG^ C0®05^  pb.©s= 
'Pkorws) ®. . Ssitii @t, al®:, C175W . f®umd ,.that , there, was appreximately -
.0'®125 percent phosphorus 'in.-the shell as ■ elemental phosphorus®’ .



9 .•.itt'.'îs-cTil>'injg:/a.-, w-gl,i.ssyfs 
. egg, shell. jwowW normally fall, / the e®mm:erei.aa.' tklti:, •' .
s,tie 11 gr##®';. -a*ate# - t%%t this -abmermat! • sliell; was -'SllgBMiy ''leiares*: :■
in CaCO^s ■ Sttierwise t lie re was- n© diff brenee in Mie miBeral ©:©m=» ■
; ,3 ". V I - : -  ';; '. '. - ■ ...•■■■■' V' ' .position "©f tiiis slieil and a Bormal s$kells= . MdweveTg wh.®n tMe

piiosplioms- :*raliB©s of glassy -s.i3,ells were averaged and compared
with, tlaos® e,f ■ tla® '.nermal ̂ .shells 8: -tMe -pere'ent pli©spliores was ’
©'iWO and'#i'12?‘ -pereent'g—respectively^’ ' i ■ ;
. “ ' , Sotomon (1936) ■ sliowed tii&t -s. "heavy exeretion ©£ :plios=>
.phortts was-. associatedwith egg - laying©'■ This did. not Hecessarl<=.. ■ •
•ly mean a . m©hllisati oh of hoB'e -minerals - - it wa.a prohahly due :
to the Imnte.dlate: 'demahd for •dietary' -caieiwQ' ;in the formatloB •
of "the' egg shells because b.e als© showed that when: smffloiemt: 1
©alcinm ea-rfeonat®; was- f ed there -was no increase in serum, phos--
.phorus a" it . might 'also- he pointed put . that g although CommoB
makes - no ''mention of it §■ when a thin, she 1 led - e gg Wa's imduoed - ■
eiperifti.e:ritally tiy wl thho 1#ing . the ealolmmg - the alSsdltite '"value ;1
of phosphorus . in grams deoroasedg and .also the relative, value . ■
©f phosphorus per-gram of: shell'deoreas.ed© , This- Is ira direct
cdntras t" to the work, of Buelcner .®t al.© Ci92;3') i who point.ed out,
■that as the egg sh® 11- hddai#® ■ thitenar gv the percentage ,.eompos.ition
remained , coast anti1., horena-et .ali" (1338) found that upon inj.eef^
•ing hens- with i-t'" toele . ©he: hour t® get the maxinium , activity
In.. the shell©: 1 Shells from eggs laved • one hour after Injection
were ;f eund - to. c.bmtaln :G 6'13 percent - ®f -th© In jected dose"® The..,., , ■
shell contained 0 @39 perceht ®f the Injected dose after, six - ‘ '



hourse Smith et..ala C195%)' showed that.less than two percent 
of the injected dose of was transferred, to the shell the -
first twelve days.*, extieptj when : l̂ l:ld, soon': after '>.inj.e:cti.ph« ■. One 
shell laid two hours after injection contained two percent.of 
the injected dose©. Itr was pointed out that this indicated 
that, a- large, part Of the .shell- phosphorus, was deposited .even ,'
. after mineral, deposition was - complete0 . y * ■

In view of the limited, information on (a); the, utili
zation. of phosphorus,'from, soff .pho'sphate with oollbldal clay ' 
by the hen* and ;(b) the biochemieal changes in shell composi
tion associated with shell quality9 the studies reported 
herein have been Initiated© .. • i . ' " : ;:r', ; '
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Prior to-sexual maturity (20 weeks) g 250 Se Wiite 
.Î egiiern .ptilleits.. of siEiilar breedings randomly elaosen : from . - 
tMe ITBit-ersity.. flodkg wpr© distributed among five floor, peas , . 
df -5© pullets eae.h.e; ' Eaob. pullet was individually identified ' 
by W W s  of, leg bands and l̂@.stld. type, wing., badges«^ -' ■ ’,

Ea,eijL pen- was equipped with ■ an automatie water supply g , 
,metal; feed troughs 8 roosts 9, and, trap nestse' Straw was.-■used 
as a source ©f fledr- iittefi!’? &  minimum-. ©f fourteen hours of ,
total light •: (morning, light): per day was provided throughout 
.the. duyation ©f thd..- study®' Maximum, and minimum temperatures . 
wer© recorded daily® . '_ : ■

Pullets wefe .placed on.the basal diet (Table 1)9 
supplemented with the phosphor us sources shown in .Table 2S. ; •
on December 5@ i95^g and remained ©a these, diet until. termin=> 
atl@n_ ©f .thejrexper-tiient g,::August -15$.. ISSS®5 . ' : ,

Bynaf©s (commercial dicalciusn phosphate) and soft 
phosphate with., colioidal clay'were, chosen for this study 
because ©f their wide, difference of availability of phos™- ■ 
phorus for ohick ■gfowthsj as reported in the literature - 
(4illis ■ et/.al®-., 19#0%: - Mots@k ef al®U 1954) «’ ■'.Analysis'.-.of-.-.. , :
Bynafps shows that it contains, approx,imately 22e'44 percent

" \;'(ly Bryden- P©Bltry- Breeding Farm9 .P.6;' Q@ Box 951 $ Modest©
'Gallf ©rhia ®‘: .' • -. ■ t : - ,

: \ ' ' ' ■' 17 ' ■ , ' , - ' "
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' COlvIPOSlTIOJJ OF BASAL DIET

. ImgredleAtg.'; ; ' \ .; f°

G-rouBd. Yellew ■0orn 20®'00
-Growrad.Mil© - j' :': ■ • V.
Ground toieat -lOeOO
Alfalfa Meal . v, ■' 5 *'00
Soybean :Gil Mdal .(SolT-eBt,' ex-trae-ted) /- 17®70 
Fisli Meal : y, - - ,  , ' : " 2o^0 /
they ' 7 ' . : . : 1 «:25 ■ :: .
EaGl : ; Q^Z0 r .

GaC031': , 5»65'
MnSOj,2 _ : y . . y ' • , • '
Soft Fb©spb^te with. Golloidal- -Glay^ =<=>«===«= _
Biealdiura 'Pho'sphate^ '' . >=,==,-=
¥itatain PretaiK^-' v ■ ' ■■ 2@;i5® '
1 Ground '• limes/tone *
2 Teemangam ;{70> %nS@^) g .Eas tman Kodale ;'-Gompany g. 
Rochester '3g v Hf Yi,: _
3 Phosphorus supplement added at the expense of 
ground mile® ■ .
U . Supplied the f ollowing per .tegI of mixed diet 
9 9900- :lwt®: Vitamin A s. Vitamin D^g
teoh-0 mg® Rlboflaving 2?e'50 mg>* Hiaping 11 s'00 
mg» B=Caleium Baotothenates kk-Q mgs' Choline- 
Chloride.s 013 mg0 Vitamin B129 - 5® 50 mg® Vitamin 
E $ 2a?20 -mgl? Vitamin. K s mgl. Proeain©. Peni-
o llliti.g 22c'20 mg©;' A n r e otpj ei n s 12h®"85 mg ©BET s ' 
99So 8 mgs M,«-Metliioninee , " , /'



.Table 2

LEVELS OF SUFBUBWHTAL PHOSPHORUS 1M EXPERIMENTAL, DIETS

Lot :r Ho@: of . ■ .W®" of . Supplements t.o Basal Diet' Ftiosbhoras Concentrations
Hb®‘ • . Hens" Hales ; Sbft' BE^sp^t^'V'-'. -'Btealcltira?-;-.
H ; ,,. .Started..-.- -... ' ■ rSltb 0:@lloldaT--''-Bbos-pba't.e- x .(%)-"■ '-j: ■ ’~l, '. : % - . ■ .. • .......

X m m i
- 6, " . . 5© -4 ■ M J W  ' u;:: oysaa V o>390

. '7. -.-'v' ■ ■ 50  ̂ : . ' -  4 ' ■ ' . :27&0' / 8 7 # "  'l. 0# 60 :  ̂ - ■■ ©75-90

. 6,: - : ..'.i ; -50 . 4 13775 1W 80 -; ; 77820 - 07590

^ - . . 50 ... ■ tm=s>G6eree® . " 21 ® 30 0 © 8©3 0 ® 590

10. .,-. i. ; 5© ^ . - e=0e=»«9o®mGs= -. «»*=>.era an? «bb ' . O®^20 - - 0 ®‘2O0

1 K©lfos;9 FMespb.ate Researeia TBs tltute g - iBe'sig ' P"oela:8 Zlsrida®- . . ■ . .
2 Syraaf osg ' International'Hl-saerals -and, -G.1b.eniS'cai Gorpî , B'Wkie'g : Illinois*' .
. 3. Oaleplated aedercling ■ to: Titus g Hv- W® g 1.1935$ 7 ' . . "" - . _

AnlmaT. ̂ d'x'e^^pieni^ntal-’-'-pSiojs^borwis-• o o b s£det,ed. to be.. 1b©rganTp.. and; 100 percent. ; _ - ■
available^ .Approximately' 30^ ®f ;tb.e'pbbsplioriias -In: pTant products’ was considered.to-be bob ,. 
pliytlrî  ‘and was included la the total inorganic pboSpborus (Hational. Researeh .Council91950) 7 .' ' " - ' . ' ■■■■■'' - ■•' - - ' . ' ' ' ' . H: •.. : - ' - - ' * vo
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1 'ealditimj, 18o>84 p.ereen,t pliO:sph.©ras:9 I®88 percent irons 1614 
,, percent a,lpminx2m s 0® 12 percent f-luorlne, 2* 90 percent Iiyd.rogen$
. and,- 5'2s:08: percent oxjgein̂  (l$arwe.»d$, 1956) @ : ■■
"// ' In the phosptiate industry soft phosptiate with. eo:ll,oi=
dal ig generally 'khow»: ds waste pond phosphate inasmuch,
as it is the, waste product -f re* washing or desliming'phosphate 
rocks It - contains f inely divided phosphate together with 
large amounts of clay and ©thet 'impurities (Sanehelli.$. 1951)» ' 
Motzok et. alo (1956) stated that soft phosphate with coiloi- -'
. .\dfil cl.ay contained ? ® 6 to 11® 3 percent phosphorus o' H©ifever s 
in the study, reported herein the soft phosphate contained 9 
percent phosphorus® The phosphoruss as determined .by paper 
chromatographys existed as ortho and pyrophosphate in about , 
equal quantities § and possibly a third phosphate (a tri,ph©s=' 
phate) v .They: also stated that .the impurities in soft 'phosphate: 
'Consisted of approximately 19&5 percent complex'silicates and . 
undetermined mat ter 9 :3®9 percent aluminums 3e3 percent ironB . , ... 

' and le.h to lep percent fluorinee ■
; Biets were mixed at two week intervals, in 300 pound 

7 quantities and, stored in ca.ns$ Soybean oil meal (solvent
extracted) was used .as a diluent in premixing .the vitamins® : 

7.A monthly record was kept on- the feed, eonqumed by each lot e 
Twice during the course of the. experiment the diets were 
sampled for calcium (A®G®AeSo'y 1950)9 phosphorus .(Koenig, and' 
Johnsong 194-2) s and nitrogen .|Kirks 1950) analyses (Table 3)»7



Table 3

GOMPOSrXTOH m  EXFERXMENTAl, DIETS

2̂ ®t 6 Lot. 7 . . ■ 'Lot 8 Lot" '9 ' 'Lot' 18

Grtad© Protein
Galcdlated . 17e"©.6 / 17eD© ' ; l^oDO 17;i'0,O ' '
Analysed - 17o92±.24 . . 18o07+*25 18«92fy6©. ' • t$*21±i'Z6:: 18®'63io36

Crude Eat: <%) .2731' ' / ' 2>3fc' . ' ' -'2733' - 2739' , 27# ..
Crude Fiber""{%}' . ' %e:28 • . ' . 7̂2?'. ' 4.15^ ■ 28: . # 2 9
Total Caleium
7 Calculated " 2v52 , 2654 ■ . 2ok$ ■' / 2<>52 . 2 ak8

Analysed . 2® 31±»08: 2e.3D+«12 2 &3Q±»l6 2s3 M e 14 2®'30^ 11
Total Phosphorus: " "  . . ' . “ : ' '
' Caleulated , ' 0 ® 820 Oo82-0 ' 0*820 0 O'803 0@%20
Analysed ; " 0e70%7Q21 0»;?16£«»O28 0»712^»028 ' 0»750±c.'d24 0,4ll+«,033

Productive Energy . : " . ' ; :: . ' . ,
■ Cal./kg, 1931»6 1956.9 1947.9 1982.4 1990.6
C/P' ' Vv V, ':'. - :751.5: . > ' 5273. ., / ;y5^1- . . ' 53.0- • 53.2-'L

IZ



" ■ ■ - ■ . . X . ' "Feed and wate-e5 were suTyplied. ad libltume , : 1
• v Tlaa te'irds ^ere individually weighed ■fco .ttie' Heajra.st 

gram at tii© beginning of. tb© studyf and at tti© close of. each. 
e5£pi©rlti5ental, peried thereaf ter*' An aeeurate reebrd ©f: m©^:- 
tality was kept® Bead birds were taken t@ the University 
Batheie’gy habdratery f ©r 4iagl$@si:sa ' ..Eggs ; produeed' dmring the 
first three days of each experimental month were set in a 
•J&itiesw&y incubator 9 and a record ..of: the pereent liat©habi 1 ity 
and fertility, was kept® . . . . ', ■

Eggs were ctilieoted twice daily9 and were weighed in 
baskets,® •.' .Bercent, pr©duetion was calculated each months and 
expressed on a "hen day® and "hen housed® basis® Xn additions 
■ hetis' 'wet1© Individually , trap^he'sted. the. first two days of each 
week® Eggs so 'collected were 'weighed- individually to the 
hearest ' tenth ©f a gram on a Met tier' It=5 automatic balance® ̂ 
These values were/used to calculate the average egg wdightg 
and to determine the distribution bf eggs .into the weight 
classes . as def ined by the U©S®B;®A* .(Federal Register g 1955) e 

.After weighingj eggs, were broken out -on a glass stand 
: and .'the quality. - of the .albumin and ' yolks wer© noted®: .Albumin 
height was determined according tp% the method of Kilpatrick 
,et al® (1958) using an Ames 8^5^77 Microraeter®^ Degree of 
yolk mottling was seored using, a 0 to 10 :scale;'.as outlined

2 Braun Goiporationg 6$ Box lh319 Ph©enix9 Arizona®
3 B®' 0.®' Ames :0©mpany g .ifal'tham 5&»: Mas.saehussetts> - .
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by Bafcer .®t alV Cl9S7).> Tbe presence of blood spots was noted 
and farther classified as d6large.® . or Msniall8i9 small denoting 
spots that'..wo.wld. normally met be deteeted upon eandling ; 
{usually below l/8 ineb. in. diameter;) e. .The weight of the egg 
, and the albumin height were used to calculate the Haugh Ind.ex 9 
by means of ain Interior Quality Caiowlator^' (Saughg: 193?I®
In. the ̂ eyent- that the thiek, albumin: was brokens its measurement 
was net Included in the total ealeulations ® Distribution of 
, eggs .into market quality- elasses was done according to LT®SoDcA 0 
reoommetidatlons (Federal E.egister9 1.9551® . ; : ^

The shells ,, (.shell plus membrane and: outiel'e g unless 
otherwise stated) were subsequently,, washed free of albumin9 
air dried9 .and weighed to the nearest handredth, of a gram®' 
Dried’ shells, .collected, for. each lot - wer®:, ground at memthly : 
Internals .and a representative sample ''retained̂  for. analysise 
Three to four samples were taken from each lotg .and analyses ■ 
carried out in''triplioatoV ■ Sitrogen . whs.'•determined -by the 
method, of Kirk C1950) s a,r$d calcium and phosphorus 9 by the 
methods of .Af,0«Ae0a 11950) 9 and .Koenig and. Johnson (19̂ -2) s 
respectively» Aliquots used for Sa and P determinations were • 
digested With a ' mixture•o f .eenoentrated nitric $ perehloric 
(?2/o) 8 and water 9 as outlined by. Piper (1950) o •
.. During, the course of the experiment it was found
desirable to separate the shell membrane from the shellg in .

.. ' . • k- tTo-SeDoA® : Agrieultural Marketing Service, Washington,
P. C. , ' . ... ■ ■■ : .  ,  . y •" : ■ '7  . .



order -'t@ deterpipe the relative distrib-utiop ©f* the edftstit* , 
uents b@t%feeh the?® .parts of the ©gga. . Due t©: labor, and ' tiiise 
involYe# In separating the membranes ;fr®m the. "Inorganic^ ; 
portion. of the sheli*5 @ this was only, done % ©nee during the 
,e@urs©. ©f the .siiudy as ;n@ted',ibel©w», . . .

Eggs were e011.ected for' tKrOO1 oonseeutive. days during ' 
the- mimt.h'e%pe.rlmental, month; .Individually broken § and the 
shells treated- as opt lined preyigasly® .The ..membrane was 
removed from half .©f each shell by .pulling it away from, t h e ;, 
shell with the aid - of f.oreepso The ealoipnis, 'phosphorus g and ' . 
nitrogen oemeemtratiems were determined on the membraneg mem
brane free 'Shells.̂ ' and they: shell plus the membrane g using the 
methods previously outlined*. . Due t© the difficulty ©f aseer-. 
talaing. whether the"shell was completely freed from its mem= 
bran®®. the analytical ..results; were, expressed, in relative terms ®
, iVe®.® percents - y : ....

In view @f the results: obtained.by the chemical analy
sis of pooled samples .of eggy shells 3 it was found desirable t© 
analyse individual . shells for their calcium® phosphorus.® and 
nitrogen contente Eggs were collected during the ninth '
experimental month®', and.individually prepared for analysis as 
previously , described®

- Upon termination of the experiment9 ten hens chosen, 
at random from each lot were sacrificed® and the left tibias 
removed for ash : determinatidn9 aeoo.rdiag t© ,A» OoAs.C.o (1950 i s 
using Skellysolve By as the solvent® ..The ash of: at least three



bones from eacb-f lot were analyzed for calcium and phosphorus 
by ■ methods outlined. abo.ve®.; ;  ̂ . \ .

. The data was analyzed by an analysis of variance9 and 
the differences tested by the Duncan Multiple Range Test 
(Biometrics .llsl—teg.' 1955J ® -



CHAPTER X RESUX.TS ASB BXSSUSS XOHg THE EFFECTS'OF 
PHOSPHORUS SUPPEEMEHTS OH THE RATE OF EGG 

. "PROBUCTXOH 'iuiB THE XHXERHil, QUiLXTY'OF '
' EGGS OF S® C:6 WHITE LEGHORH PULLETS

Egg Production- ••
' Total- average egg' 'prod,aeti©n f@r eacH-'lot for the , '

entire .experimental period, is sammariKed in 'Table With
the exception of Lot 8 g the relative levels of egg production 
as calculated on a s?heii housed” CH»HeBe) basis •were similar 
to those .expressed- on a Sihen daj” basis a The lower
■values assoelated. - with .the former are'due to the level .of
mortality which.influences its ealeuXationo• Hen housed days
were ealeuiated on.the■basis ©f- the ‘number of"hens origin
ally startedg times the number of days in the experimental 
periodj, ./Whereas hen days . were calculated on the basis: -of the . 
number ©f - remaining, birds after, .'mortality was e@nsidereds 
. times- the humber of days .in' an experimental period (Table )̂.« 
Since the mortality e.ould. hot be- attributed directly to the 
phosphorus treatments (Table 9)h the values calculated on a 
. :S*hen day ̂ has is were .used'for ■statistical analysis (Table 4a)'« 

’ When expressed .on -a "hen day® basis9 no significant 
: dif f erene©s -(B > @'©5.) .were observed. among the phosphorus -. ■■
supplemented lots® However3 hens.in Tot 18g receiving no 
-Supplemental phosphorus^ showed a . significant increase

). in egg..production over those fed the .phosphorus
' 26 ' -
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Table 4

EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE EGO PRODUCTION 
AND FEED CONVERSION OF S. C. WHITE LEGHORN PULLETS

Lot
No.

Supplements to 
Basal Diet 
(gm./kg.)

Average Total Egg Production

Soft Dical.
H.H.D.1

Feed Conversion
Phos • Phos. H.D.2 lbs/doz

Eggs _
gm/gm
Eggs

6 54.00 54.49 59.19 4.98 3.15
7 13*75 14.80 CNtx 62.36 4.79 2.98
8 27.50 8.30 56.86 63.43 4.74 VJ . 0 0

9 21.30 56.14 60.74 4.88 2.99
18 63.20 69.06** 4.29 2.69

1 Hen Housed Days=(No. of birds started) x (No. of days in 
experimental period).
2 Hen Days=(No. of remaining birds) x (No. of days in experi
mental period).
** (PC .01)
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Table ka.

ANALYSIS OF VARIANCE OF THE EFFECTS OF 
PHOSPHORUS SUPPLEMENTS ON EGG PRODUCTION

Source of Variation d f Mean Square

Season 1 1,387.78
Period in Season 7 153.95
Treatments 4 129.02**
Treatments x Season 4 24.99
Treatments x Period in Season 28 11.80

** (PCO.Ol)
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supplemented diets (Lots' 6 $ 7» 8 and 9)v Tlie. pliospliorus 
supplemented lots, had a ;total pttospiiorias .eonterat .of 0e7.22 
■̂ 0*017. pereent- whereas the non-supplemented lot had a total 
phosphorus' content of 0®Lll 4-0<,033 percent (Table 3) ®

The.requirement for total.phosphorus by the hen In ■
the presence of approximately 2s-'j percent caloium9. .was shown 
t© be Os. 6 to; OV'8 '.'percent @£ 'the: total. diet.. (Miller and . .
' Bearse, • 19.3L| Horrls et ala n 193&.S Evans- arid .Carver? 1942$ i- 
and'Gillis et, aT» g; 1953) ®: 'Theseworkers used a practical' , . '
type diet composed,of ground grains and a vegetable and an 
■ animal •source of; pro:teins ' .'sripplemented. with the; recommended -, 
levels ©f vitamins and minerals.® • Ifheh-a/diet of similar 
composition. -(Table -I) as ..that fed by the.' workers cited ■
previous lya cons is ting of @4 722 :J*0.*',Q17 percent . total phos
phorus and 2s3® percent calcium (Table .3}, was. fed to hens 
in •this-''study si- a marked, depress ion in egg production was, 
observed ..(Lots 6S. 79' 8 and ,9s Table 4.),®
• - ; V'- : Results.: reported" here eoiBcid© With those of later
workers (Pepper et al® a 1958® and G 9RourKe: et al» B 1935.) $ 
who; were unable to improye. egg production by supplementing ; 
diets of laying pullets $ already containing either d 6 38 or 
0 *43 percent total phosphorus 9 with inorganic sources, of 
thiS: elemerito" Pepper et aT®. (1958) observed rib change in 
the rate of egg production when. hens, were fed a basal diet 
eentaining 0 & 3-8 percent total phosphorus that was supplements 
ed with either' di.cal.clum, or soft phosphate to supply 0 ®05 to



Gv'l pereent .afaditional pMospliermss. .Tlals ootald 'b©, ..eicplaifled. 
by tlae fact tiiat the .-.phosphoaras eontent of the diet used by 
-. the ".above 'workers did not exeeed 0o48 percente ■ ...HOweyerg 
O^Rourke et a3»@ C1955) noted a. deorease in egg prodtiotion 
whem a n 18all vegetable protein” basal diet containing 0e 437 
percent total phosphorus was supplemented with' inorganic' 
phosphorus .to contain more than- 0».6 percent total-phosphoruse . 
.The two previous experiments, utilized e4all vegetable protein**; 
dietsg, whereas the diets.used - in-this study (Table 1} contain- 
ed 5 .pereent. fish meal $. which; was a readily .available source 
of inorganic phosphorusa . ' -

• - Additional explanation for the Tbetter-performance -
of the laying hens on the lower-than recommended level of. 
'Phosphorus - in; - thi-s s tudy 9; aBd:: also in the studies of prev
ious wo ike r s § was off er ed by. Gillls ,et al* (1953.) » who - ' 
indicated that the' laying hen-possibly had; greater ability '
.-t© utilize phytin phosphorus than the. young chieko. . This ■ 
may.explain the existing discrepancies regarding the phos
phorus requirements of the adult-chickene-
■ - . . '  . %n view of the' high...level of.:, egg production. observed .; 
among the hens in the non-supplemented group (hot 18) 9 it 
is . evident, that the basal- diet used in this study containing ' 
0@41 percent.total' phosphorus s was not suitable for measuring 
the relative availability -of the various., phosphorus' supple
ments ..for egg productions -. ,
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; Egg productidtt for winter and summer periods are 

. summarised -in. Talble 5,® - #dalysis- of variance {Table' 4a) 
•indicated tbat • the season had a significant effect (F’C @01) 
on. the rate ©f egg, •prodtaotien in- all lots® Treatment' times 
season interactionhowever9 was found not to be' significant 

•• . indicating that the differences observed among
: treatment -groups•.were e.ehsistent from -Season to seasons

The lot supplemented, with only soft phosphate (45 . .
' -gtii®:/kge{s; Tot '6).-had a signif icantly lower @01) rate ' of.

egg production, during the winter period than did any of the 
- other lots tes ted® . However s. the let reeeiving . no - supplement™, 
al phosphorus (Lot- 18). had a significantly higher '(P^ @01) 
rate-: of egg production than did any •.■of the supplemented lots 6 

. Average;, egg production declined sharply, in all lots - ' 
during - the summer months* -The adverse effect of high temp
eratures ..eh--. the rate of \egg produotlom.has been shown by 
Wilhelm (194o) 9 and Conrad (1939i1® With the exception of 
L@t 6S .the .relative, decline was greater among-.■the/supple- ; -•' 
mented lots (16*-7 to 2.29:2%) $ than -in the negative control 
(12e:7%)>- . Lot 6 showed .-the .least . relative decline ,(9® 33%) - 
between seasons® This -was due to the low rate of production, 
in this lot during the winter months® Although during the ./- 

- winter months -Lat”--6 had 'a significantly lower ( P ® 01) rate 
of egg production, than any of the other lots tested., there
was ho significaht difference between this . lot -and the other:.
supplemented, lots during the summer months * The lot: receiving
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Table 5

EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE EGG PRODUCTION 
OF S. C. WHITE LEGHORN PULLETS DURING THE 

WINTER AND SUMMER PERIODS

Lot
No. Supplements to Basal Diet 

......... (gm. /leg. )
Average Egg Production

Soft 
, Phpgit

Dical. 
Phos •

Winter1
1%)

Summer*
(<&)

6 45.00 362.50a 55.88a3
7 13.75 14.80 68.09b 56.63a
3 27.50 8.30 69.09b 55.77a
9 21.30 68.33b 53.15a

18 73.73c 64.40b

1 December through March
2 April through August 15
3 Means with different subscripts are significantly different.
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me supplemental phosphorus (Lot 18) had. a significantly ■ 
higher . (P<. eOl) rate . of egg- pr'©d.ttotion: during: the summer 
months than any ©f the supplemented, lots®

■ .’Xhe -changes in the monthly rate' of egg, production in 
.relation to .mean maximum and. eiiMiitoum- laying house tempera
tures .are shown, in Figure 1* Since maximum environmental 
'temperatyres began to 'rise sharply during the. month of 
April9 this month was chosen as. the beginning ©f the • 
s amme.r81 season (Table 6.) ® . ■ -• , . ' •

The differenee. .between mBB.n. monthly maximum and 
minimum temperatures varied from: 18®2.to 31®?®? during the 
course of studyg while the' average variation between winter 
and summer season was 26@-5 and 2^® 9a? $ respectively 0 : The . 
summer season^ howevera showed the greatest difference 
between mean monthly maximum and minimum temperatures. within 
'the season^ These differences' ranged from 18@2 t© 3l6'7 ? 
for the summer seasong while the differences ranged from.'23 
to 31*7% for the. winter, season® : The highest average maxi- 
.mum temperatures during the course of study were reached.in 
the. month of June .(102®.2®?)@ ... ■

, Egg production of all the supplemented lots declined 
during' the first three months of the study (December through 
February)§ and then remained relatively constant until the 
. month ©f ..June$ whereas. for the same', perlodg egg production 
fbr the lot receiving no suppleraental.phosphorus (Lot 18) 
remained relatively constant (Figure !)..» Biiring the, month
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Table 6

SIB-M&RY QW. AVERAGE MGBTHLY
TEMPERATURES

Ferlod' EndlBg Ma.2cimum^ , Minimum^

: ia/3l/57„ '/ , ?0»‘0 : x 39^0 ■

2/28/53 . ■ :. ■ ' 71*5 : ; 46^
.3/31/58 - . 70afe , ;
^/3G/58 79.9 5%*5 ■

5/31/SS . . - ;■ 95-3 . ; . 69el •
:. 1: - 1029¥  ' : •; 70*5 -

7/31/53 9BV2 , \ 77*1
'8/15/58 - 76.2

1 R@ eer.ded, ai*te ri 4 s 00. p »bs @
2 Recoarded before 8§00 . aom«,



ef Janeg- .egg .pfedtaetiBn deelined. sttarply .in all .lets and 
eontinoed to decrease until tb.e termination of ttie. study*'

Feed Conversion-

vFeed oenversloA, wliem ' eip're:S:S on .a ,.^lb»^d.oa». eggs'19
basis3 paralleled tire. leT©! :of . egg pr©duetion .(Table h) o ' 
Feed,. o.omverslon Ts us.Baiily reperted: -in. - tliesa terms (Maeintyre 
and ' JenKens g 1955'9 and Heywang9 1956) e It was noted' tiiat if 
smali diff eremoes are odnslde.redg f eed .eonTers loiT wtien 
expressed voit it i$giii6 /gmv eggs® basiss is - not affected by the 
rate of. egg produetiem as. -strikingly^ as. wben- •it is expressed. 
in tbe form, of . *flb» /do.i&V eggs19 ®: : However^ ‘ttie lot receiviiig. •.
1 no supplemenfai ,pb@sp.borus • (&et, 18) '.bad better-' feed. 6onver=» " . 
sion when expressed .dn either a stib9'/d0ze .eggs® or wgni«./gnio 
©Sgs 9i .basis e v V , . . . ' : ’ •" ' ' •' V

Changes in body weights are summarized in Table 7»- 
ill; .loti|. showed a' deolin® in. body weight when, compared with 
the- average initial weight of the bird*' Beeline in. body ' 
weight was' .evident;'' during-, both the winter and. summer periods®'. 
Lets supplemented with the higher -levels of dicaloium phos
phate were able- t©. 'maintain a more1 .stationary .weight .(.Lot- 7, . 
and 9)@ than the lots receiving higher levels Of soft phos- 
, phate (Lot' 6 and ' 8) - The let receiving, me. supplemental. / ■
phosphorus (Lot 18) had the . greatest weight loss®
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Table 7

EFFECT OF BHOSBHOBWS SGPPLEMBBTS ON 
AVERAGE BOBY WEIGHTS

. ‘.We5,glit JLess. 
) . . CgaSo') ( ) -

6 kSo'm . 2145 2053 . 1946 180
7 ■ 13.25 14*80 - 2137 2104 2074 75
8- 27850 8e:3© ■ 2067- • .2034 1954 170
9 21 o 3® 2089 2670 2011 46

18 c=, <=><=«=, o =,«=,«=, (=3 C=S 2120 2071 1949 264

1 Initial weigbt minas final weight



■■ S-illis et ale (195S) ■ reported that when- the diets of 
"laying hens- contained less' than 0„5 percent available pho.s- 
phorus j body weight and egg .produetionV-deolined sharply6 , -
The authors concluded that at least 0a5 percent available 
phosphorus was required for body weight maintenance,, In 
the study-reported'heres ' the hens receiving;no supplemental 
phosphorus shewed the,greatest loss in weight (hot '18, Table 7} 
nevertheless^ under.the conditions.of this study, maintaining 
body x-feight apparently -was not necessary for maximum egg pro- . 
duetion^, since hot 1S8.. xirhich receiytid' no supplemental . ,
phosphorus. s had, the highest Idve 1' of egg production $ and also 
the greatest loss in weight® • ,

Fertility and Hatchabilltv

Percent fertility and hatchability are summarized in 
.Table 8;®. Total, hatchability has been knoxm to be influenced ■ 
by a number of factors^ .including the fertility, of the eggs®
In Lot 18 (Table 8)$ the fertility remained low until the 
fifth ̂ -experimental/month®" This was probably due to the., death 
of two males during the month of February because, following 
the- replacement of the males (May. 139 - 1958) the fertility in 
this lot increased to that of the other lots ® In view of 
the fact that-some' of : the males-’'-in, Lots 7 s 8 $. 9', and 18i 
died, the percent -hatchability of fertile -eggs, rather: than 
. that of ' total 'eggs’ setwas. considered for statistieai analy
sis o- No significant differences ®05) were observed



Table 8
EFFECT OF PHOSPHORUS SUPPLEMENTS ON FERTILITY1, HATCHABILITY, AND 
PHOSPHORUS CONTENT OF THE YOLK OF S. C. WHITE LEGHORN PULLETS

Lot
No.

Number of 
Eggs Set

Fertility^ Hatchability of 
Fertile Eggs

Total
Hatchability Phosphorus 

Content of YolkS 
(%)

Wi
nt

er
Su
mm
er

To
ta

l u u© © H +> 5 C 0 -p
g s  33!

u u© © H-p S d
g &  as! (SS!

U k © © H■p E d C E ̂  -P « 3̂ 9. 0̂ 9. w  (0 H w

6 101 233 334 84.15 83.26 83.53 90.58 82.98 83.87 76.23 69.09 70.95 0.569+.020
72 117 244 361 69.22 71.31 70.63 95.06 85.05 88.23 65.31 60.65 62.32 0.577±. 004
8 115 253 368 88.69 91.69 90.76 93.13 89.22 90.71 82.60 81.81 82.33 0.585+.007
93 116 226 342 68.10 77.8? 74.56 91.13 83.52 85.88 62.06 65.04 64.03 0.575+.010
IQ1* 132 268 400 68.93 66.04 67.00 80.21 88.70 85.82 55.30 58.58 57.50 0.584+.006

1 Four males placed in each pen on Feb. 5> 1958.
2 Male died May 9> 1958 —  not replaced.
3 Male died Apr. 3» 1958 —  not replaced.
4 Male died Feb. 2, and March 12, 1958 —  not replaced. Four males added May 13, 1958.

vo5 Ten eggs taken from each lot for analysis.
6 All averages are weighed.



ANALYSIS' OF VARIANCE OZ THE EFFECTS OF PHOSPHORUS 
SlffPLEMEHTS ©Z THE HATCHJfflXLXTT ©F FERTILE EGGS

Variation -df....  ..JiaSi

Season . . 1 57*92

Feried in Season 6 36®36
Treatment ’ - . fy 72*59

Treatment st Season . h 18*09
Treatment x Bsriod, .in Season 24 153«-£l.
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between treatments .in any of tlie lots ' (Table 8a) e Tfcte-
performance of' tke negative., control is in' agreement." with':.
the work, of O'Rourke et al, (195̂ ') s who stated that 0e3
percent total pho.spho.rHs was suff icient to maintain .̂ normal6f .
hat ohab 11 i ty» - . ' ’ ; ' * . ." ■  ̂ ^

The similarity in the hat ohab 1111 y of. fertile eggs 
between the supp 1 emente.d and non^snpplemented lots can be 
further explained on the basis of . the distribution of
phosphorus- in ■ the yolk*. .The 'phosphorus content ©f. the yolk . -
was - determined according, t© the method of' Koenig, and Johnson .' 
(19^2)* The concentration of this element "was found to range . 
from iOGt5*3 to 108t3,® 2 mg0 per yolk, regardless of dietary 
treatments .This level- is similar to that observed by Re'mon.of t.. 
and Romonoff‘(19b9)» The phosphorus content of the shell as ' 
shown by analysis ranged from be75 mgo' to mg©:- Informa™
tion concerning-the transfer of pho-sptiorus from the shell to ' ' =
the . embryo is net .avai:labl.ee .Since- .approximately 90 to 95 • ■•-
-percent phosphorus of the egg was found intthe yolks it might , 
be assumed that the yolk ,is the. chief , sburce, of • this element . 
for -the embryonic development * Since- the. phosphorus cone eh- - " 
tration of the yolks were similar^ all lots contained suffi- , 
cient-phosphorus for normal hatchabllity©. ■

Mortality -• - :

Ihe highest mortality. (26%) f or the total: experimental 
period was recorded intthe lot receiving all dicalcium phospliate



' 'v/., : k z :-::

(Lot 9 $ Table 9) a Tbe lot reoelving no. supplemental plaes-= 
•pihortis ■ (Lot .1.8)' .had the. lowest mortality .rate {l6/o) „

• .Lot 9 had - the lowest rate of mortality during the 
winter dionths (2%) $ but inereased sharply 'during: the summer 
months' (-2%'̂ ) @ .With the exception ©f Lots. 8 and -18 there was 
a. ..slight inerease in mortality dnri.ng the summer months@
Fost mortem. diagnosis of birds at the. University Pathology ' 
Laboratory9 as ©"videnoed from the. /pauses summarised, in 
Table 9g revealed that no .deaths.; could h@" attributed, t.® the ' 
.dietary treatmentse .Howevers the lot receiving all dleal™ 
cium; phosphate (Lot. 9) appeared, ' to . haye. .less : r.esista,nee.. 
during• the 'summer months© .

.. The' largest eggs for ■ the- entire experimental period 
were produced by- birds in Lots p -and 9 (Table 10)®• These 
lots were -supplemented with the higher levels of. dioaleium 
phosphates l4©80 and 21©30 gm»/kg©, respeotively© .They 
produeed significantly heavier eggs (E^ ©01) than those in 
the iae-gative- .obntrol ' (Lot .18) 9 and- those receiving- the higher 
levels of soft phosphate (Lots 6 and -8)V Hens in. the latter 
two lots ■ received %J) and 2?»6 gm@/kg@ of soft phosplmte s : 
r espe e t i v.e iy © - : ' . :

- / Inf'Ormation ootioeriiing the effect of phosphorus oh ,
the egg weight i.S' very limited© . Evans .et ale (19^3) were



Table 9

CAUSES AND DISTRIBUTION OF MORTALITY

L o t
N o . P o s t - M o r t e m  D i a g n o s i s

Sum m ary o f  
M o r t a l i t y

,d
©

© •H
to M

c •H tti •H
o 4-> 1 « ■P o H I 10 XJ +>•H O c o *H (0 •H •H flj ti O -rt b C to b b
W 3 0 (0 5  W b b C M b / j  (0 b © a © © H
b -tf ^  a a  o o d O >» q> a  o O •V -M ■P a (ti<$ «H o r-t s +> a a b b o g +> a •H <t$ C — a ̂ ■p
> <H > b O x  « 3 0) ^  o •H >> >i © C © •h y i 3^9. 0^5.
w o o m S 53 o  o ▻ ̂  a a d  n 10 ^ H —

N u m b e r B i r d s

6 2 6 — 1 —— —— i i 2 8 14 22
7 1 3 2 —— — —— 2 — 2 10 14 24
8 4 3 —— — 1 1 —- —— 1 10 10 20
9 4 3 2 1 3 2 26 28

18 2 2 —— —— 1 3 8 8 16



EFFECT OF PHOSPHORUS SUPPLEMENTS. • 0H THE EGG- IfEXCMTS 
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f ' .'' 21:e9©. : 6© »'5 8 v 60*95**

18 60 0 O 2 .  , 60s:?8 6071?" '
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, aBable "±0 sluow any differences' in egg weiglit; by feeding 
laying hens graded levels @f. bene: peal and def Itiorinated - 
phospliate® . . It has been recognised for some time that here
dity may' -influence egg. weight' .(EarnsMorth' and .Hdrdskoyg; - .
19551 and Hicks § 1958)@ Other factors which may influence 
...egg ■.weight are. the age ©£ ’ the ' bird, the; seasonal tempera- ...
. tureg amd various nutritional factors6. However, there is 
still some, question .asr t® , the .effe-ct •,of the latter® ...

..The' -mean airerage egg'weights for winter and summer - 
seasons-are 'summarised in . Table- 10 ® The, lots receiving the 
-higher level of dicalcium -phosphate {L©ts 7 and 9) had 
significantly heavier (P<fL@01) eggs during the winter months 
than-the other lots tested®: ■' . -

The egg weights during the.summer'season followed 
the same pattern., as -' for the winter season© ' Hens in the lots 
receiving, the . .higher .levels of - 'diealeium' phosphate, continued 
to produce ■■sigrrificantly heavier (EC eO.l) eggs during the 
summer season than the other lots tested®

' T "'. . Analysis of ' variancev showed that -the season had 'an 
effect oh' the' weight ■ of the egg® However,. it should be. point
ed out 'that "the- season is af f ee.ted. - by ■ the. age of' -the bird and 
the. environmental temperaturee .
, - : •' .̂..-'.'.:lh;©re.:-'was-';'-a-.-ê all'"increase:: .in egg weight during' the - 
-Summer season when the - average weight for. the,entire summer 
.period was oensidered®: -■ T-t ,w&s reported by. Rosenberg and 
.Tanaka Cl951) that normal environmental temperatures. (80® F)
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did H©,t affect egg weigkte Heywang. {1956) indicated that tHe
high envlrenmental temperatures . Cave maXi;' 101®.Z) . in Arizona^"
caused a reduetioa in egg weighte . Fronlng and. Funk (19581
alse reperted; that egg. weight deelihed. .during the - summer
months, when - the maximum- monthly temperatures were app$*pxi*=.
mately Huston 11958').-.report©d. that .egg-weight was
not affected by “ttormal88' environmental temperatures, but
deereased sltghtiy wheh the hens were subjected t© a constant
90@F,temperature® Since the data of the above investigators
was presented on .a monthly'basis it was assumed that the
differences between 'seasons' could not be adequately demons
strated by grouping, •monthly' egg weights into a. .winter and-
summer season .as:-done h e r e - However, when the average egg
weight was compared, on. a' monthly basis (Table -111 it' can
be seen that there was.-, definitely' no decline , in egg .weight
associated- with high environmental temperatures e: There is
presently ':no; explanatiori: for the fact that’ the egg weight .. • ■
in this experiment Increased.slightly during the summer
monthse ' , .- : ■ -

When the ’eggs were' placed; into the. weight
distribution market classes (Table 12), hots receiving the
higher . levels of. dicalfiiam-phosphate , (hots 7 and 9) showed
a significant increase (F'C ‘@'01) in' the percent of extra
large-: eggs» - These lots - also .produeed-. signif ieantly heavier, v
(P-C sOl) .eggs’ than the other lots tested® The lot receiving
all soft phosphate showed aa ’ significant increase (F:< «;01)- in 
the percent of large.eggs*. There was no .significant—



Tata© 11

mEjLATIOMSHiF SF AFBE&C3E EOHTHCY EGG WEIGHTS XH GRAMS 
TG THE MAXIMUM AHD MX5SXMHH TEMPERATURES -

Peri'ô L
Bndlng

Max® , Min®,. Let .

- ■ ,6. .

Let Lot
8

1st
. ,,-9.

Xs® t 
18

J am#' -31 66q 3 .39®-l . 59*63 60 0-28 59*39. 60V0O 59*48
F eb»" as ?1»5 ^6 e:5 59*93 60 067 59*64 60*38 59*62
Mar©.31 7@©k 6l©02 61 ©08 60 ©‘88 61.© 27 60 e 46
AprT 3® 79*9 $2*5 6l»®4 6la-84 59.72 61*49 60 ©44
May 31 95e-3 69ol 60 ©43 610X5 58*74 60*582 59*85
JiM© 30 102 e 2 70.5 59*95 61 ©®8 59*46 51.52 60*30
j utly 31 . 98 a 2 77 el 60*07 6l«'10 59*75 60*584 60 ©‘09
Attge" ■15 : 94©4 76*2 61V12 6©e-18 60 o5 0 61*56 6l 06©



Table 12

THE EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE AVERAGE PERCENTAGE 
DISTRIBUTION OF THE VARIOUS MARKET SIZES OF EGGS

Lot
No*

Extra Large Large Medium Small

Winter(56) Summer
(%)

Total
(%)

Winter
(%>

Summer
(%)

Total
(%)

Winter
<%>

Summer
(%)

Total
(%)

Winter
(%)

Surame r Total
(%)

6 24.33 24.86 24,71 59.03 61.43 60.53** 16.77 13.44 14.68 0.13 0.28 0.36
7 29.06 35.66 33,20** 54.73 47.36 50.13 16.23 16.62 16.67 0.00 0.40 0.24
8 23.03 25.04 24,30 57.00 55.92 56.33 19.07 18.10 18.46 0.73 0.92 0.91
9 29.76 31.26 30,71** 50.10 56.56 54.13 19.36 11.78 14.62 0.86 0.36 0.55

18 25.40 32.00 29.52 57.40 49.70 52.60 16.97 17.78 17.40 0.13 0.40 0.30

** (P<.01)
1 U*S.D.A.Agricultural Marketing Service Bulletin (1955)•

oo



Table 12a

ANALYSIS OF VARIANCE ON THE EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE AVERAGE 
PERCENTAGE DISTRIBUTION OF THE VARIOUS MARKET SIZES OF EGGS

Source of Variation
Percent 

Extra Large
Percent
Large

Percent
Medium

df M.S. df M.S. df M.S.

Season 1 111.19 1 20.38 1 42.74
Period in Season 6 73.50 6 15.84 6 38.72
Treatment 4 120.66** 4 114.58** 4 23.96
Treatment x Season 4 16.05 4 81.45 4 22.31
Treatment x Period in Season 24 12.40 24 7.23 24 26.81

** (P<.01)



■ ' '• , • . . : : ' • ' : 3^::
difference C-F^®05l ira the me'dima weight class in any of the 

. treatments® .'This' ind.ics.tes that the greatest weight change 
between, lots appeared between the large and extra large 
weight 'classes® • ' .

Albumin Height. and Ha ugh Indea: ' ■ - I:.. _. - '

The albumin heights o f ;eggs for the total period in 
the lots‘ receiving, the higher -levels of soft phosphate' (Lots 
6 and S:) and "the lot receiving ho supplemental' phosphorus 
(Lot 18! were- found to be .sigraif i'oantly . higher (P << ® 01) than 
those; in the Ipts receiving the higher levels of"'.dicalcium. 

.phosphate (Lots ? and 9, Table 13)® ' Lot 9 had a sigraif 

. earatly. higher (P^1 e 01) albumin height than Lot 7® The 
performance of Lot 7 'cannot be explained ora the basis of 
dietary treatment®- Evidently- some . factor other than, the 
. ones measured, in this study affected the height of the 
.. albumin Ira this lot® ' ,

The lots .receiving no diealcium phosphate' produced 
eggs with Sigraif leant higher 4®.̂ . ®'Gl); albumin heights during 
the winter season than .the other lots tested®"

: .; . There was a slight decrease - to® OB to' 0 ® 27 'mm®'.)- in
the height -of -the albumin duriag the -summer period in all 
l-ots®". No Iraformatlora- is available Goracerralng the .effect 
of .supplemental phosphorus bn albumin height© However $

- Froning and P ub$c: - (1958:| -rupof ted thatS'the ialbumin.- .was higher 
during certain seasons of -the. year^ but did not necessarily



Table 13

EFFECT OF PHOSPHORUS SUPPLEMENTS ON 
ALBUMIN HEIGHT AND HAUGH INDEX

Lot
No*

Supplements to 
Basal Diet 
(gm./kg.)

Average Egg Weight Average Albumin Height Average Haugh Index

Soft
Phos*

Dical. 
Phos .

Winter
(em.)

Summer 
(em. 1

Total 
(gm. )

Winter 
(mm. )

Summer 
(mm. )

Total 
(mm. )

Winter Summer Total

6 45*00 60.28 60.45 60.34 6.32 6.10 6.18 77.85 76.34
**

76.91
7 13*75 14*80 60.71 61.01 60. §8 5.94 5.76 5.83**

6.12
74.99 73.36 73.96

8 27.50 8.30 59.99 59.51 59.72 6.13 6.11 75.94 75.91 75.91
9 21.30 60.58 61.23 . **60.95 6.02 6.04 6.03 75.57 75.24 75.36

18 ————— _ _ _ _ _ 60.02 60.23 60.17 6.35 6.08 . ** 
6.15 77.81 76.99 **77.29

** (PC.01)

VxH
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Table 13a

ANALYSIS OF VARIANCE FOR THE EFFECT OF PHOSPHORUS 
SUPPLEMENTS ON ALBUMIN HEIGHT AND HA UGH INDEX

Source of Variation
Albumin Height Haugh Index
df M.S. df M.S.

Season 1 0.120 1 6.99
Period in Season 6 0.077 6 5.24
Treatment 4 0.160** 4 13.86**
Treatment & Season 4 0.022 4 0.97
Treatment 
in Season

and Period 24 0.009 24 0.89

** (P< .01)
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parallel that o£ temperattirev ■ •

■ - ■ ^he' height ©f the 'alhhmia. Mas ^suggested, as : a measure . ' . 
©f the internal.quality of an egg by Wilgus and Van Wag&nen 
■ (3,930 AlhumlB ' height as a measure ©f internal qnaiity .had. : 
only limited''Usef ulness,' sine.© . a ehange- in albumin height 
from 10' ■ t©- 9- -mm® represented am unimportant difference in. the . 
quality ©f the, eggs whereas, a change from. 3 t © 2 mme rep re- • 
sented a noticeable quality- ehangee Haugh (1937a) showed 
that a -̂0. 'gram'-egg with an albumin height of U  mme had, a 
better internal- quality than a 6© gram egg with the same 
albumin: height.Haugh ■ { 1937b ) further derived, formulas. ■ . . 
that changed albumim height to. interior quality units (Haugh 
Units,i-s,, trhose BUmieridal value represented the ^true61 internal \ 
quality of. the egg.® ' (These formulas compensated for the. weight 
of - the eggg -that is g if the weight remained constant the 
internal quality varied as a logarithmic function of the 
albumin height®. '

. She Haugh Units, for- the total periods are summarised 1 
in Sable 13® The lots receiving no diealeiura: phosphate (Lots 
6 and 18) had .a signifieanfiy .higher (? C® 01.) Haugh 'Index ,. 
than the other lots tested® This would indicate that,s possi
bly s di'ca,l©ium phosphate has the undesirable 'quality -of lower-,. 
ing■the albumin heighte

Analysis of variance indicated that the season had a' . 
significant, effect (P^ ®©1) on the. Haugh Units® Howeverg 
treatment-- season interaction' was found not to be significant



• ($! 2s>vj&5) iftdioatija.g that, the.; observed dii'f ©renees :between ■ 
groups were -consistent from season' to. season. (Table I3&) » ■ 
The -Eaugh 'Units during the winter months- were significantly 
higher (T< ♦0=1)'-ia Tots 6 and .18 than in the other lots 
tested.®' The difference between, winter and summer seasons 
was small and was. found not to be .signifldaht® ' When the 
Haugh-. Units were compared on a.monthly basis • (Table 14) '
,. no definite. - pattern could, be es tab 11 shed as sooiat ing, ,a. change 
in the Baugh Units. with environmental temperature6 These 
results are in agreemen't with Eronlhg and Eunk (1958) $:' who 
were unable to establish any.definite relationship between. 1 
the. Baugh Uhits ' and maxiinum; environmental temperatures®
The effeet- of supplemental phpsphorus on the Haugh Units 
: has. 'iio't. been studied previously®... Nevertheless 9 - it should' 
again be .pointed'. out .that 'the' basal diet in this ■■study 
contained a level of phosphorus too high to evaluate, the 
'effect' of supplemental phosphorus en albumin height and. .,. 
Haugh Units, since Tot 183 receiving no supplemental phos
phorus 9 .produced results equal to those in the supplemented; 
groupsv ■ : -

Using, the Haugh Units s, the eggs were placed in the 
market classes. (Table 15) ® .Tot 7.9 which.had the 

lowest Haugh Unitss also had signif icantly (F^.»01) fewer 
AA eggs than the other lots tested® - How©.ver.s ■ wi th the ' = 
exception, ©f Tot 7$ there tras no significant difference 
(F>'®03:')' between any of the market classes» As: stated :
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EEMTIOHSBIF 'OF' HAUGH UNITS TO 
EHVIROm$ENTAL TEBffEK&TtiEES

P,erl©4-Ea&lng MareE:, 
' Temp 0 Teapr

IL>ot -
>.-.6 , .

/ AOt., .

■■ - 7:; : -
. Lot.

V ::,8: ;
Lot 

: .

Let ■

Jarie 3.1. 6603 39el 76453 '7̂ 4'08 75® 88 . 78018 " 76*75
Feb, 28 ' W a * ' 78 ,13;' 73170 78*76 76113 79107"
Harr .3.1 ?o A • 4?0:4 78191 , 73120 73® 88 ..7 6, A 5 . 77 ® 61
■Apr's- 30 ' 7sj»>y 52:«-5 77175’ 73179 '.75®88: 75*78 79131
May 31 ' ■ .95*5 . . 69 ol 77r# .73 A S . 76192. 75*95 77® 61
jpne 30 : 102o2 5- 7 6,18- 72132 75®28- 76I26 77188.
jjuly 3,1 ; 9#A 77^1 v : 7̂ -110 ... 72103 - 75®:23y. 78®'98 .75*57
Aug o1 15 9^ A 76# 7 6 ® W 73100.. 76086 78*0,0 75192



Table 15

EFFECT OF PHOSPHORUS SUPPLEMENTS ON U.S.D.A. GRADE DISTRIBUTION

Lot
No.

Phos. Supplement 
Added, to 
Basal Diet 
(gm./kg,)

Average Percent 
"AA"

Average Percent 
"A"

Average Percent 
"B" and ,,C*'

Soft
Phos.

Dical.
Phos.

Winter Summer Total Winter Summer Total ¥ inter Summer Total

6 45.00 51.6 40.8 44.9 48.0 57.0 53.7 0.3 2.0 1.4
7 13.75 H Xr 00 o 32.3 30.3

**
31.1 66.4 66.0 **66.1 1.1 3.8 2.5

8 27.50 8.30 41.6 41.9 41.8 58.6 57.1 57.7 0.1 1.0 0.7
9 21.30 41.1 43.0 42.3 58.8 54.7 56.2 0.3 2.3 1.5

18 44.7 39.6 41.5 55.1 60.4 58.4 0.0 0.1 0.1

** (P< .01)

Vx
O n
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Table 15a

ANALYSIS OF VARIANCE OF THE EFFECT OF PHOSPHORUS 
SUPPLEMENTS ON U.S.D.A, GRADE DISTRIBUTION

AA
Source of Variation

M.S
21.9391.88 20.79Season

Period in Season 3.59
226.80** 8.18Treatment
48.20 1.99Treatment x Season

Treatment x Period 
in Season 24 22.62 20.93

** (P <.01)



. . ' ‘  ̂ 5B
previously9 it is doubtful that the performance of Lot 7 is 
due to dietary treatment

There were no 'significant differences (P > o05) 
between ■ treatments dhring; the •winters. summerg or total 
.period^ . .of : eggs with no mottling (Table ■ Id) *;; Analysis of 
variance indicated that there was a highly significant 
decrease (P<̂  a"01) in- the mottling of the yolk, during the 
Summer months s ranging from 6e4 .to -12»8 p e r c e n t T h e  
largest 'percentage of mottled';y®lk@ were : placed in the 1=2 
scoring, ■rang©® These eggs had very little mottling® .Only 
a small - percentage. .•©£. the'ieggs xvere. plaeed ■ in: 3-5 ■ and. 6 =.10 • 
scoring class-ess- .The total mottling for these two classes 
ranged from. 3:47 to 6® 7 ' peroent®. .iMo i-Bformatlon is -avail
able concerning the effect of phosphorus supplements on the 
mottling;of the yolk® 'Howeveig 'nutritional additives such ; 
as Hlearbazin’ have been - shown to increase the .incidence of

■ ; ■ i -  ■ T - ; V : ' v ^ , .. yoik mottling (Polin et ale „ 19571-®

The occurrence of blood .'spots a.re ■summarised in 
Table 17a A significantly larger (P<^@.01) number of blood 
spots were ’ f bund in the lots. receiving, dicalcium phosphate, 
(fcots 7, 83 and .9) 0 ' This was evidenced. during the winter9

4,If* -. dinitrooarbaniii.de' with 4 $^-dimethyIpyrimidine6



Table 16

EFFECT OF PHOSPHORUS SUPPLEMENTS ON AVERAGE EGG YOLK
MOTTLING OF EGGS FROM S. C. WHITE LEGHORN PULLETS

Lot
No*

Supplements 
to Basal 

Diet(em/kg)
0 Mottling 1-2 Mottling 3-5 Mottling 6-10 Mottling

»•P tn <H ooU) &

H  •(ti V) O 0 •H X3 A  A

hopC
!s

u® H<dp ̂
H

k
P
•H'cP.

k®
I -3^3. to ̂

H<tiP
k®PC

k®

to

H
cip«-~
H w

k®P
k®
i sto

H
<6p «-»

6 45*00 73.6 80.0 77.6 16.8 15.1 15.7 7.9 4.1 5.5 1.9 1.3 1.2
7 13.75 14.80 75.8 86.2 82.3 17.4 11.0 13.4 4.7 1.9 3.0 2.3 0.8 1.4
3 27.50 8.30 72.9 85.7 80.9 21.0 18.6 14.9 5.4 2.1 3.4 0.7 0.5 0.6
9 21.30 79.2 85.9 83.4 15.2 10.2 12.1 4.6 3.2 3.8 l.o 0.7 0.8

13 — --- — — —— — — 77.0 85.3 82.2 18.2 11.7 14.1 3.8 3.2 3.0 1.1 0.5 0.7

Ui
VO



Table 16a

ANALYSIS OF VARIANCE ON THE EFFECTS OF PHOSPHORUS 
SUPPLEMENTS ON PERCENT "O” MOTTLING

Source of Variation df M.S.

Season 1 750.17
Period in Season 6 48.81
Treatments 4 39.57
Treatment x Season 4 14.19
Treatment x Period in Season 24 23.01



Table 1?

EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE OCCURRENCE OF BLOOD SPOTS
IN EGGS FROM S. C. WHITE LEGHORN PULLETS

Lot
No.

Supplements 
to Basal 
Diet(gm/kg)

Average of Total 
Blood Spots

Average Large Spots Average Small Spots

Soft
Phos.

Dlcal.
Phos.

Winter
(%)

Summer
m  _

Total
(%)

Winter
<%)

Summer Total 
(<&) (%)

Winter Summer
(%)

Total
(£)

6 45»00 6.9 7 .7*4 48.5 27.0 35.1 51.5 73.0 64.9Jr • V i . y
7 13.75 14.80 12.8 10.1 11.1 65.3 38.6 48.6 34.7 61.4 51.4
8 27.50 8.30 13.3 8.3 10.4 62.0 30.9 42.6 33.0 69.1 57.4
o 21.30 10.8 7.8 8.9 56.1 22.0 34.8 43.9 78.0 65.2X

18 ————— ----- 7.8 5.9 6.6*4 41.3 27.7 32.8 58.8 72.3 67.2

** (p c .o i )

ONH



62
Table l?a

ANALYSIS OF VARIANCE ON THE EFFECT OF PHOSPHORUS 
SUPPLEMENTS ON TOTAL BLOOD SPOTS

Source of Variation df M.S.

Season 1 75.36
Periods in Season 6 16.24
Treatment 4 28.03**
Treatment x Season 4 1.2?
Treatment x Periods in Season 24 5.68

** (P<.01)
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sommerg and' for the .total period® During the winter season 
the largest number.: of total- spots were large spotswhile ' ...•
during the-, summer season the large' spots deer eased® but; the 
small-'.spots,: .{less than - l/.S .. ineli In diameter) showed a marked •; 
Increase, Since no information' is available concerning the , 
.effect, -of. supplemental phosphorus .on . the ©oeurreB'e.e '.of. biood , 
spotss the reason for the performance of-hots. 6 and 18 ean= 
.hot-, be postulated®. ■ >BoweVef g .it '.could be possible ■that- 'the'' . 
presence ©f dicalcium phosphate ;in- the' diets increases the 
iticidetice' ' Of-.blood -spots:. infthe' :5r©lies;® -...; Lerner.' 'and;.vStaifh'' - 
■.Cl9b2) . .found a def inite increase- in the incidence of - blood 
spots after April .1® '-However s Jeffery (19^5) reported - the ; ' 
highest: incidence of blood spots, at the. beginning pf the . . 
laying' years and a decrease, through. Augustg .while Froning and-. 
Funk (1953) reported: the highest incldenc.e of- blood , spots in 
March® ' ■ ..f'- . , '  . . . . : /



CHAPTER II RESULTS ANB BISCUSSIONs THE EFFECT OF 
PHOSPHORUS SUPPLEMENTS ON THE EXTERNAL Q.UALITY 

AND THE CHEMICAL COMPOSITION OF THE SHELL

The previous discussion has been concerned with the 
effect cdf- phosphorus supplements ©n the rate of egg. produc
tion 9 and on the internal quality of the egga The height 
of the albumin3 the Haugh lnd.exa UaSaBsAo quality grades, 
yolk mottlingg and blood spots were used as measures of 
the internal quality of the egg® . The discussion to follow 
will deal with the effect of the phosphorus supplements on
the quality of the shells of the same- eggs® .

The criteria for measuring the relative strength 
of the shell vary® Evans-et aia" (1943)'used absolute shell
weight, and the. thickness of the shell expressed in mm®, to
determine the quality of the shell, while the porosity of 
the shell was used-.by' Almquist (1934)® Hendricks et al®
(1931) demonstrated that the quality of the shell is a 
function of the shell index and is proportional to the 
weight per unit area' of egg® -In this study the weight ©f 
the shell, percent shell, and the shell index were used 
as measures of the shell quality®

The differences in. the absolute weights.of the
shells between treatments were relatively small, ranging
from, $01 to $07 g® {Table 18) for the entire experimental
period® The average weight; ©f the shells ranged from 5®12 gm®

64



Table 18

EFFECT OF PHOSPHORUS SUPPLEMENTS ON EGG WEIGHT1, SHELL WEIGHTS1,
AND PERCENT SHELL1, OF S.C. WHITE LEGHORN PULLETS

Lot
No.

Supplements to 
Basal Diet 
(gm./kg.)

Average Egg Weight Average Shell Weight Average Percent Shell

Soft 
Phos •

Dical. 
Pho s •

Winter 
(gm.)

Summer 
(gm. )

Total 
(gm. )

Winter 
(gm. )

Summer 
(gm.)

Total 
(gm.)

Winter 
(gm.)

Summer 
(gm,)

Total 
(gm.)

6 45.00 6 0 . 2 8 60.45 60.34 5.31 4.98 S.12 3.42 9.24 G. 46
7 13.75 14.80 6 0 . 7 1 6 1 . 0 1 6 0 .382 5.34 5 . 0 0 5.15 8.79 8 . 2 0 8.45
8 27.50 4.30 59.99 59.51 59.72 5.75 4.92 5.14 8 . 9 2 8.37 8 .6 1^
9 2 1 . 3 0 6 0 . 5 8 61.23 6 0 .952 5.37 5. OS''4' S.IP^ 8.87 3.25 8 . 5 2

18 6 0 . 0 2 6 0 . 2 8 6 0 . 1 7 5.35 5 .0 6 4 5.183 8.92 S.394 8 .6 1^

1 Weighted averages•
2 (P< .01).
3 ( P < .05) when compared with Lot v.

4 ( P ^ .05) when compared with Lots 6 and 7 .
ONVi
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Table 18a

ANALYSIS OF VARIANCE FOR THE EFFECTS OF PHOSPHORUS 
SUPPLEMENTS ON SHELL WEIGHT, PERCENT SHELL, AND 

SHELL INDEX OF EGGS FROM S. C.
WHITE LEGHORN PULLETS

Source of Variation -Shell Weight Percent Shell Shell Index
df M.S. df M.S. df M.S.

Season 1 1.140 1 3.360 1 0 . 0 0 6 6 0 0

Period in Season 6 0 .0 6? 6 . 0 1 2 6 0 . 0 0 0 3 1 6

Treatments 4 0.013* 4 .045* 4 0 .0 0 0 0 7 5*
Treatment x Season 4 0 . 0 0 3 4 . 0 0 0 4 0.000000
Treatment x Period 
in Season

24 0.003 24 .011 24 0 . 0 0 0 0 1 7

* (PC.0 5 )
**(P< .01)
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for tlie eggs' produced, by hens in Lot 6 reeeixring all soft 
pliospiiates to 5>19 for tiiose produced by liens fed d£~
ealoium ptiospliate as tlie only seuree of supplemental 
ph.0spb.orus (Lot 9)® The shells in the latter lot as well 
as these in Lot 189 fed no supplemental phosphoruss were 
signif ieantly heavier ' $;05) than those in Lot 6 (Table 18) e
Ho-'difference was noted among'the weights of shells in Lot 9 
and those in Lot .18V The weight' of shells of eggs from lots 
fed 13®75 gin®/kga (Lot 7) and 27850 gnn/lcge (Lot 8) of soft . 
phosphate^ were not significantly different from
those in Let 69-having the heaviest egg weighte -

Although statistical differences were observed among 
treatments (Table 18a)s these differences were so small that 
it is doubtful .the quality of the shell would be .affe-et-ed 
appreciablya The lot receiving no supplemental phosphorus 
(Lot 18) and those receiving the higher.levels of soft 
phosphate (Lots 6 and 8) had significantly smaller (P^ o 01) 
eggs than the lots receiving the higher levels of diealcium 
phosphate (Lots .7 and 9)® Howevers when, the shell weights 
are considered no such similar pattern could be establisheds 
.Lot 9 had the highest egg'weight and also the highest shell 
weight, but in Lot 7 the shell was not as heavy proportion
ately as ' in Lot 9® . -

- Analysis of variance indicated that season had a 
highly significant effect ( F ^ 801) on the weight of the
shell (Table 18a)• Although the maximum difference in the
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average shell weight between treatments - during'the winter 
season was only 0V06 grams-9 the hens fed. all dicaleium 
phosphate (JLot 9) were found to have significantly heavier 
(P^ 0O5) shells than eggs from hens fed soft phosphate as 
the only.source of supplemental phosphorus o

Egg shell weight declined sharply in all lots during
the summer months® ■ This decline ranged from Q®31 to 0®.3? :
grams.o The lot receiving n© supplemental phosphorus (Lot 18) 
had the' least .decline® Lot 9$ supplemented with only’di—- 
calcium phosphate$ and Lot 18, receiving no supplemental 
phosphorus had significantly heavier 605) shells during
the summer months when compared with the lots receiving the 
higher levels of soft phosphate (Lots 6 and 8)e Lot 9 had 
the* highest -egg. weight for the summer- months, and also • 
maintained a high shell weight for that period, whereas 
Lot 7 9 supplemented with 13o75 ! gizu /kg0 of soft phosphate
and 14® 80 gm@/kg® dicalcium phosphate, had a high egg
weight, but did not maintain a shell proportional to its 
weight®. : ■ .

The decline in the absolute weight of the shell 
as associated with a change in environmental temperature 
is shown in Table'19c It can be seen that the shell weight 
remained relatively constant during the winter period 
{January through-April)e The first apparent decline in 
shell weight was noted during the month of April9 when ' . 
the; mean max imam temperature increased to; -79V-8®.!.* This, as
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Table 19

RELATIONSHIP OF MONTHLY SHELL WEIGHTS TO MAXIMUM
AND MINIMUM LAYING HOUSE TEMPERATURES

Period Ending
Av. Monthly 
Temperatures
Max. Min.

Lot
6

Lot
7

Lot
8

Lot
9

Lot
18

January 31 66. 3 39.1 5.28 5.32 5.31 5*41 5.39
February 28 71.5 46.5 5.32 5.30 5.39 5.34 5.32
March 31 70.4 4?.4 5.34 5.39 5.35 5.33 5.36
April 30 79.9 52.5 5.21 5.27 5.22 5.21 5.20
May 31 95.3 69.1 5.01 5.01 5.00 5.03 5.01
June 30 102.2 70.5 4.92 4 . 9 3 4 . 9 3 5.03 5.04
July 31 98.2 77.1 4.78 4.81 4 . 7 5 4.88 4.93
August 15 94.4 7 6 . 2 4.85 4.86 4 . 9 1 5.02 5.13



■ ■ ' . . - , . . ■ ?0 
stated earlierg was chosen as the beginning: of the summer 
season® Shell weight continued to decline in all lots until 
the (eighth experimental period® During this period the shell 
weight increased slightly in all lots over that of the pre
ceding monthe It is doubtful9 however$ that the increase 
can'be explained on the basis of temperature, since the 
maximum temperature for this period was 9^»4°F e .

Information pertaining to the effect of phosphorus 
supplements on the weight of egg shells is very limiteds 
Evans et al® {IgW&a} were unable to show any difference in 
the absolute weight of .the egg shells by feeding laying 
hens- graded levels, of def.luorinated phosphate and bone, meal® 
However9 these investigators did observe' tha.t the weight of 
the shell decreased,as the experiment progressed from 
December to Auguste Wilhelm (XS^O) also' reported that the 
weight of the egg shell decreased during the summer months e
Percent Shell .... ,

When . the average, percent shell is considered for the 
total periods, the lot receiving no supplemental phosphorus 
(Lot .18, - .Table 20) had signif icantly higher e05) percent
shell than did the lot supplemented with all soft phosphate • 
(jLot 6) s and the . lot supplemented with . 1-3•7-5 g»* /leg* soft 
phosphate and 14® 83 gnu /kg® dicalcium phosphate (l»ot 7)»
The lot receiving all dicaleium phosphate was not signifi
cantly different (P^ ®05) from either population (JLpt 9)



Table 20
THE EFFECT OF PHOSPHORUS SUPPLEMENTS ON PERCENT SHELL AND SHELL

INDEX‘OF EGG SHELLS FROM S. C. WHITE LEGHORN PULLETS

Lot
No,

Supplements to 
Basal Diet
.{gBiliS&rXSoft Dical, PhnfL. Phos.

Average Percent 
Shell

Average Shell 
Index

Winter Summer Total Winter Summer Total

6 4 5 . 0 0 8.82 8.24 8.46 0 . 3 6 6 0 0.3398 0.3496
7 13.75 14.80 8.79 8.21 8.45 0.3677 0.3404 0 . 3 5 0 6

8 27.50 8 . 3 0 8.92 8.37* 8.61* 0.3720 0.3442 0.3546
9 2 1 . 3 0 8.8? 8.25 8 . 5 2 O.3 7IO 0.3426 0.3533
18 8.92 8.39* 8.61* 0.3720 0.3486** 0.3574**

* (P ̂ *.0 5 ) when compared with Lots 6 and 7«
** ( P < ,01) when compared with Lots 6 and ?$



It; sli.©tild ,b:e noted that Lot Q tiad tlie .txeairiest siiells„ but" ,'
:: ifflaen::. e onside.r ed ;ori ■ a're la t lye,. basis . the .same pattern was not - 
f'.olloweds Tbe reason for tills dee line was probably due to 
' the : f'aottbat ttiis lot txa& tile ';b.eaVies t eggs« ;;' ’ ' ■; ; .

■ TJaere was no signifi-barit 'differences' .Cl1̂  ®0*5). between
' treatments' during th.©' winter season@ During the summer’
: season there was a , slia.rp decline in the percent shell In. all / 
lots» ranging f rom 0o53 to 0 @ 62 percents' This decline was 
highly ■''significant . in-;̂ ID.'C »® -il .'hi 3,-:' 1 ot s «; It: should be' noted 
that .the - lot •receiving all.. diealeitim : phosphate (Lot 9l, had' a 
/greater. .absblut©: deelin©- than>;ttie- ether lots; tested^ ' During;'.:'.; 
the ; summer- season JLots 8 and 18 had a. significantly higher: ' '
'percentage (F^ $ 0.5) shell when compared with Lots ' 6 and 7 e • 
Since there, were ■no , diff er.enees' between. treatments during: 
i he :wint©rv■ s'easohs' all::the: ’differehees ' for the entire ; ' ': ^
period, were due . to. those occurring .'during the summer months a ';

' ,• .. The relations hip be t we e n . she 11 .percentage .and the ; .
.environmental temperature’s are . shown in .Table 21 e As - with ; ■.
. the she 11 -'weight g the monthly shell- percentages' remained' ...; . • 
rela.tiyely ' constant fo'r ■■ the 'w-ihter'period .(Jahuary through. . ,/■. 
Mar.chi ®- : A def.ihite ; decline, in the . percent shell was 
: observed In' ApriX«i and ;o.ohtihued': to.• deeline . until , the, last ;. • ■ 
experimental month (August)» During August the percent' shell 
f ollowed ' the. same, pattern as-, did the -shell weight* .All .lets- ,- 
increased; .sli^tly^.during: this: period dver that-vbf ; the 
preeedihg month®-. • - . . . ' . ■ ; , ; . ; ’
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Table 21

RELATIONSHIP OF MONTHLY SHELL PERCENTAGES TO MAXIMUM
AND MINIMUM LAYING HOUSE TEMPERATURES

Period Ending Av* Monthly 
Temperatures
Max. Min.

Lot
6

Lot
7

Lot
3 Lot

9
Lot
13

January 31 66.3 39.1 8.8 8.8 8.9 9.0 9.1
February 28 71.5 46.5 8.9 8.7 9.0 8.8 8.9
March 31 71.4 47.4 8.8 8.8 8.8 8.8 8.9
April 30 79.9 52.5 8.5 8.5 8.7 8.5 8.6
May 31 95.3 69.1 8.3 8.2 8.5 8.3 8.4
June 30 102.2 70.5 8.2 8.1 8.3 8.2 8.4
July 31 98.2 77.1 8.0 8.0 7.9 8.0 8.2
August 15 94.4 76.2 8.2 8.1 8.1 8.2 8.3



Tiie results, ' in tbJ,s ' s tudy parallel tiiose of Miller and-; Bearse 
.1934) g Who showed, that the. she 1.1 perdehtage; df 'eggs;' decreased 
eorislstently § . tiegihning wi th .March .apd ; cdritihhlh'g 'throughout 
the; experimento;.; Wiihelm;. ̂ 1939'i showed that the shell percent
age., deer eased as the,, experiment progressed §' but did not . '
parallel thatv of. shell'weights :"This would be' expected8 ■ since 
Taylor and herner ; jl939). observed that egg weight' had ;a , "
greater influence'on the percentage'of shell than .did the . ;
: whe'11;'"weight>This^ e©uid possibly account' for the higher : 
percent'; shell found in TL>ots 8 and 18 of this study (Table 18) s 
since hens in -both of. these lots produced smaller eggs than ;. 
any of the: other lots« ' b '. / t ': r,:" V; ' " t /;. t;'

.Shell, Index t:'-'-:- ̂  : .;'Ŝ.;;V i', .■■■■- .V. : ■ , 1 , ; ;  V^; ' '

Another. method for measuring■ shell:quality $ ; employed '
.' In this . s tudy j-: was . that Pf She 1.1 IndeX o it' has; been a  ■ common 
; ̂ practice : to .toompute . as; a.'measure; of shell thickness 5 the ■ 
humbe.r ©f grams.-of" shell per .unit weight of. egg*. Howeverg' . 
''.•Kendricks et. .ai*.' (1931) $ ■ - ih:; deriving: a formula for the' She'll ' 
xTndex.g expressed the area as a function1 of the weight pf the. , 
contents, 'pf;.the. egg$ "rather than as a funetion of the ’weight 
of the' whtire.'. eggs '-f.. : ’;.V■ " v...v■. 1 •• / ' % .

i' ’’ - ' j '■ h ' ' Veiailt' of shell - . . . . ,:. , - . ;  (Weight of the- content of the .egg.) 3-
By ; us ing' - the: above formula, a ■shell. thi ckaes s. index is obtained
which is pr©portional to the weight of ;■ shell per unit area, of
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The average shell indiees for the entire study are 

'summa'i'issea in Table 20® The lot receiving no supplemental 
phosphorus (Lot 18) followed, the same pattern as for percent 
shellj, that iss this lot had the highest percent shell and 
also the highest shell indexe The average shell index for 
this Tot was significantly higher (F< =>01) when compared, 
with the lot-receiving all soft phosphate and the lot 
supplemented ■ with 13 = 75 gnu/kg*, soft phosphate and l4®80 
gm®/kg® diealeium phosphate (Lot ?)o Lots 8 and 18 had a 
significantly higher (P 605) . percent shell8 but only the 
lot receiving no supplemental phosphorus (Lot 18) had a 
higher shell index®

There was no significant difference (F^o05) in 
the shell index during the winter months® . There was s 
howeverg a sharp decline in the shell index during the

- / . g  . ' ' ' ■

summer seasons ranging from 2*34x10™ to 3®8xl0"^ units®
The largest decline occurred in the lot receiving all - 
soft phosphate (Lot 6)» During the summer months the 
lot receiving n© supplemental phosphorus (Lot 18) had a 
significantly higher (F<^o05) shell index when compared, 
to Lots 6 and 7® The lot receiving 27® 5 .gm.®/kg® soft; 
phosphate and 8*3 gm®/kg® diealeium phosphate$ and the lot 
receiving all diealeium phosphate9 were not. significantly 
different from either population® When the shell indices 
were compared on a monthly basis (Table 22)$ no decline was 
observed until the month—e-f—April® This followed the same.
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RELATIONSHIP OF MONTHLY SHELL INDICES TO MAXIMUM
AND MINII4UM LAYING HOUSE TEMPERATURES

Ave Mon till y
•Period Ending Temper; 

• Max o
atures. 
Min 0

.Let •
; 6 /

Lot. ,
■ .7 :

Lo t 
,8

. Lo t 
9

Lot18

January 31 ■ 66@3 ' 39,1 a 362 ; © 368 ; .371 .376 • ' ,377
February 28 71.5 46 o 5 e 370 ,365 ; .377 = 369 .369
Marcii 31 70 *■4 47 64.' @366 .370 0 368 *368 .370
April 30 79.9 ; 52.. 6. q356 .358 .363 0 354 e'359
May 31 95.5 69e 1 a 344 *342 .351 s344 ® 34?
June 3© 102s 2 7.0.5 *340 .336 . .343 a 341 .34?
July 31 98a 2 . 77,1 *329 * 331 a 328 .334
August 15 94»^ 76a 2 , .330 . 0 335 .336 a 340 .348



/ ■ V - v  ; ; . ■■■■ ■■ ■ '  ■ v ;  ■ .  ■ >  ■ . .  : : 7 7

pattei'p . as, £©r" stiell .weigliit.: and sia.ell;- percents ..All lots' ‘ 
slaowed a slight Increase, in the'<shell -index - during the month 
of 'August, ' \ y:'' - ; • A ; f '" " ’

■ Xt should be noted. that ■ jL©t 18 s receiving no supple- 
mental phosphorus - had a- significantly higher (P^ ,05) shell- 
weight for the' total period when- compared with Lot 6 9 and a 
significantly higher (P <,, 05) .percent shell when compared, 
with Lots 6' and 7‘® ■'This lot also had a significantly higher 
(2?'< , 01) ..shell index when compared with Lots 6 and 7© The 
shell index 'minimises the effect .'pf the weight of the. ..egg®: .. 
Ho othef lot tested gave superior results when all - three.' of 
the. above . measurements wdre used to.,measure the..quality- of . ' 
the shell® - r - ' : ' ".. f '■ . 7'''- . '. -

vit;sh©uld'. be;;pointod out-: agaiH;that the basaiw.diet-: 
in this study was hot suitable for measuring the effect-of 
.supplemeBtal' phosphorus h h : the shell 'weight s 'shell...pereehts',,- ' 
pf' shell indices9 since a deficiency was not produceda The 
perf ormahce . of'''the .. lot receiving, n.o supplemental phosphorus ■ ,
(Lot. 18)- was. equal to or superior to that "of the supplemented." 
.lots® 'It'..is also possible that supplemental phosphorus lias 
,ho effect o.n the above mehtiOBed measuremehts g s.inde in most 
’ cases § , when .significant differences were observed in the ,
. negative ■p.©ntr©l> they were algo observed in the: supplement^.
.ed lots» ' . ' ' ' / p . 1 ...
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Chemical Analysis of the Constituents of th.e Shell

The■shells from the previous studies were individually 
weighed,, pooled, and retained for chemical analysis9 to deter
mine if there was any difference in the mineral constituents 
of. the shell due to dietary treatments . . Caloium-and phosphorus 
were present -in th© shell in relatively high concentrations9 
and magnesium,''manganese, and iron, in trace amounts• Th© 
organic portion of the shell consisted almost entirely of pro- 
teinaceous materials® .Since, calcium and phosphorus were the 
two minerals present in large amounts in the shell, and the 
organic matter consisted mostly of protein, the relative 
concentration of these three constituents was determined®

The average phosphorus, calcium, and protein ooncentra=> 
tio'Bs. for the total period are summarized in Table 23® The 
lots receiving no soft phosphate (hots 9 and 18) had signifi
cantly lower (Bŝ .eOiy phosphorus concentrations than, the- lots ■ 
receiving soft phosphate (Lots 6, ? s and 8)® The average 
phosphorus concentration, for the lots receiving soft phosphate 
was 1090 ppm®, while the average phosphorus concentration for 
the, lots receiving no soft phosphate ws-s 3.03^ ppm® The differ
ences between treatments were observed the first month in which 
analyses were made (Table 24$-) 9 and these differences remained 
relatively constant throughout the cours®.of the study®

Although-there was a wide monthly variation in the 
calciumwneentratidii .(Tabl'e,, 2 ^ 3 the-'ay#rage ealeium' concen
tration for the total period remained relatively constant®
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Table 23

EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE TOTAL PROTEIN5,
PHOSPHORUS s. AHB CALCIUM CONTENT OF EGO SHELLS OF

S. C a WHITE lEG-HORN PULLETS '

Lot ;.
|; Sug^lemeots to Diet 
I I - (sns /kg» >

1 Average 
j Phospliorus •

| Average j 
.•Ca.lc.iuip j

Average
Protein

Nq 6
1 Soft Dieal®'

I Total Period' 
j (ppme)

Total I 
Period

Total
PeriodI Plio s ® , Pb.os.6..._. fc&) 1

6 J kZsP'o 1100** 36,76 4c 62 *
7 . j! ■ 13.73 ,l4«-80 ... 1080.**' 360 82. . I 4,56.
8 27*5® ■. 8*30 1090** 36 a 84 I 4o 64
9 210 30 104-0 ' .36085 4085**

18 | = , « = = = , = , 1028 36e85 4»59
' i

* *  C P < e o i )



Table 23a

THE EFFECTS OF PHOSPHOR US SUPPLEMENTS OE THE PROTEIN
AND PHOSPHORUS CONTENT GF EG-G- SHELLS FROM
. So Ce WHITE LEGHORN PULLETS

Protein Pliosphorus
Source of Variation

Treatments

Sample Error

O
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Table 24

EFFECTS' OF. ' ‘PHOSPHORUS SUPPLEMENTS ON THE PHOSPHORUS 
CONTENT OF EGG SHEIXS FROM So C*

■IfHlTE LEGHORN RUiZETS ' '

Period,
Ending Lot Lot

" February 28 1171 11:12 1107
1139 : 1125 1081 1122

■ May 1 1155 1122
1106 ' ; .1017

June 15 11111099 . 1100 1030
1029 1032 , 1001

985
9151003

1 Moisture free
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Table 25

THE EFFECT OF PHOSPHORUS SUPPLEMENTS OST THE CALCIUM
COHTBHT OF EGG SHELLS FROM S= C0 WHITE LEGHORN PULLETS

Period
Ending Percent.Calcium

1 Lot 6 Lot ?'■ Lot 8
February 28 37 oil 36*96 36,98 .■37*12 36,72
April 1 36o80 36o70 36,59 36 s 64 36,88
May 1 36065 36090 36,4? 3607T 36.77
J one 1 37.38 • 37.'58. 37.60 37® 31 37,18
June 15 36.73 ■36074 36,70 36.72 , - 36066
July 1 36059 36061 36082 36069 36,91
August 1 360.42 360 66 36.68 36069 36.75
August 15 36*39 36,39 36088 36,89 36o,91

Moisture free®
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Tlie max imam difference in calcium concentrations between 
treatments for the entire experimental period was 0S09 percent* 

The lot receiving all diealcium phosphate (Lot 9) had a 
significantly higher (PC1 o01) shell protein content than the 
other lots tested (Table- 23)® Statistical analysis (Table 23a) 
indicates that there was a significant treatment by period 
interaetlon . (P^eOS) $ therefore^ all of the differences observed 
among treatments were not consistent from season to season®
The average protein content for Lot 9 was 4®35 percent^ while 
the average for the other lots tested, was 4e6o percent8 as 
shown in Table 26® Ho work is available concerning the effect 
of phosphorus supplements on the mineral composition of the 
shelle- -

Statistical analysis indicates that the periods had a 
highly significant effect, ® 01) on the phosphorus - eoneen-'
tration® This effect can best be" shown by Figure 2e The 
monthly phosphorus concentrations varied greatlys but there 
was still a definite decline in all lots as the study pr©» 
gresseds regardless of dietary treatment® Howevera regression 
analysis indicates a significant difference in the rate of 
decline of the shell phosphorus between the supplemented and 
non-supplemented lots® The average phosphorus concentration 
.in the supplemented lots (Lots 6$ 8$ and 9) ranged from •
1132 to 964 ppm® 8 whereas for the lot receiving % no supplemental- 
phosphorus (Lot 18) the. phosphorus concentration ranged from 
1104 to 915 ppm® The.._rate of decline as shown by the regression
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Table 26 

FR0TE1H1 COHTE1T OF EGG- SHELLS

Period. ITotal Protein m
Ending Lot 6 Lot ? Lot . 8 Lo t 9- Lot 18

February 28 4o74 4 0.54 5® 24 4*89
April 1 .- | hvh'6 4e24 . •' 4 s 12 5.25 4*83
May 1 j ho5h 4*35 4,4? 4*6? 4*37
June 1 j 4*92 4*93 4*80 4*49
June 15 || 4.59 4*43 4a 82 4 e 68 4*24
July 1 j 4»6l 4*7? 4* 64 4a 66 4*83
August j 4 a 65 4-a 43 ' 4*86 4*73 4*49
August 15 4 e 65 4* 60 4*72 4*77 4*5?

1 H x 6o25 (moisture fr@e)»



’' ' ' ' ■: ■ . : 86 
curve in Figure 2 was curvilinear % being accelerated, as tire 
study progressed. ' : '' ;

.The calcium remained constant throughout the study 
(Table 25)» This was indicated by the fact that the CasF 
ratios increased from the beginning to the end of the study 
(Table 27)9 As would be expecteds the lot receiving no 
supplemental phosphorus (Lot 18} had a slightly higher CasP 
.ratio than the supplemented lots. The average CasF ratios 
of the shells from hens in the supplemented lots ranged 
from 327«2 to 380s2s while the CasP ratios of shells from 
hens receiving n© supplemental phosphorus ranged from 332®6 
to 403.3o

The percentage protein in the shell dropped slightly 
in the lot receiving.all. dicalcium phosphate (Lot 9# Table 26)0 
However 3 it should a .Is© be pointed out that this lot also had 
the- highest .percentage protein during the first two experi
mental periods® Although there was a decline in this lots 
the protein concentration did not fall below that of the other 
lots & All other lots (Lots 6 S 7 ® 8S and 18) remained rela
tively constant throughout the study® , .

It had been assumed that the mineral constituents of 
the shell remained constant regardless of the absolute or 
relative weight of the shell (Buckner et aLa 1923)» Alraquist 
(193^) 9 I31 discussing thin and thick egg shells p concluded 
that the mineral constituents of the shell remained constant0
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Table- 2?

EFFECTS OF PHOSPHORUS SUPPLEMENTS ON
THE CALCIUM— PHOSPHORUS RATIO OF EGG SHELLS

FROM So .Co ICHITE LEGHORN PULLETS

Period
Ending Lo t 6

To t a 1 
.Lot 7 Calcium Ĉ )

Lot 8 Lot 9 Lot 18

February 28 j 316,9 332.4 324® 4 335.3 ■ 332.6
April 1 j - 323® i; 326.2 310.1 338.9 328.7
May 1 j 324o 4 319,4 319.6 352,9 .327.7
June 1 | 329,0 337® 6 330.9 337.3 365.6
J une 15 | 334*4 330*7 333.6 349.0 355.9
July 1 - . j| 3U-5.8 355.8 356.8 366.5 377.3
Angus t 1 345.5 353.2 348.0. 380.2 .373.1
August 15 362,8 ■ 380.6 394.9 382.7 403.3



'• However, .-when' an average was taken of tlae pUospiaorus • eoneen^
, tratipns in;;the thick and thin shells, the concentrations 
wer® found to he 1.2?0 and 1000 ppm® :respectively^ Father v 
; arial̂ rsis of the " work ■' -df 0pmm©;ia C1S36).- shows that when a thin 
: shell,egg 'shell was indtaoed experimentally hy withholding the' . •
_ oaielam'g .the' ahsointe and relative concentration of phosphorus ' 
decreased® h ; v" ; / .’v/:'; ' ■ : ' : ■ . -■'■ ' . ^

Sine© ' the'1 shell weight s 'percent shells . and. shell index '
/ hi 1 .declined consistentlylas the; study progressed, an. attempt . 
was made to correlate the decline in' the relatiye weight of . ■ .
.the sheli with-.thev declihe• Inj:phosphorus:'eOjd.een.tration =, . . 
Regression lines relating the; phosphorus content of the shell,. . 
'•with the relative weight of the shell ..is given' iti Figure 3® •
.Regression analysis 'showed that the ‘ deellne; in phosphorus ' ; ,
could be : correlated .•with; the decline, in the " relative weight, of /. " :
, the shdll' (Table.. 28) ® ''The eorrelation values ranged from 
to a79® K@ correlation could,be found between the 'decline in. '
t̂he .relativeVweight- of. the shell and the calcium and nitrogen 
content$ further indicating that the calcium and phosphorus ■ ; - v:.
eon tent' remained relatively constant® - .

A n attempt ' was made to .physiologically .associate this ' - ,VV'; 
■ decline in phosphorus content of the shell with the. relative 
weight ■ pfthe. shell (Table 29)« . • Shells from eggs .collected 
during the ninth experimental, month were analysed, individua 1 lye; ■: y ' 
;:.The r.elative.- weight of;'-the shell_ ranged from. 6®08 to.'9®'38 .percente-
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Table 28'

REGRESSION AID CORRELATION COEFFICIENTS FOR 
CALCIUM s PHOSFHORtJS g - AND; PROTEIN ON' PERCENT SHELL

b Plies «> /, bxl0“3 
Shell Shell/ 

Phos $_

161

ssion C.oe'fficientsl Corre.lat
^ l i x o s  o O 3 . 0 <s=*=* x*0 1h^%uni=
%  Shell fo Shell % Shell

4,34 .79 • » 49 * 22
5»13 »90 .13 *39
b 6 5 8 .77 .01 0 20
3.83 >82 *11 *81
2 s 5 8 I «82 , . o 28 .58

1 ■(F<;d5V
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Table 29

EGG HEIGHT9 SHELL WEIGHT, PERCEHT SHELL^ AHD 
, GilLGItiM AHB FHOSFHORHS COHTEHT OF 

imBivmmr'EGGs

Sgvg Wta 
f gm)

Shell 
Wt e (gm)

Shell 
($) ,

Fhos®
(ppm)

Calcium I 
(&)

EggTfta-
(gm)

Shell 
Wt ®
(gm)

Shell Flios®
(ppm)

Calcium
(%>

68 a 9 4.95 7® 18 1329 .36.59 j 59® 6 4® 52 7 = 58 917' 36.48
6 O e 5 = 94 8 0 94 1019 36.95 59=6 4*34 7 = 23 1079 36 = 57
65 o 9 6® 33 : 9.60 1193- 36,87 59® 4 4.75 7.99 1210 36.39
65 6 8 ' 5=10 '7*75 834 36*58 ■ 59.3 4.43 7.47 754 36065
65 ol 4.53 6<, 96 954 36*81 58*7 5= 16 8.79 1019 37® 06
64e9 5.31 8,18 I32I 36®10■ I 58*7 4.91 8.36 1213 376 01
6^® ̂ 5.12 7° 95 687 37® 21 58.7 5=22 8.89 100? 37.13-
6̂3'® 2 5»3^ 8® 31 1012 137® 27 58.0. 3.53 6.08 912 36.06
62 a 0- 5® 61 8.99 912 36,62 57 = 5 4.71 8.15 928 36.81
61® ? 5® 89 9=54 951 36.73 57® 4 4© 7 8 8.32 955 36 = 62
61»7 4®09 60 63 1023 36.67 57.4 3.78 6.58 1006 ■36.56
6l»4 5® 29 8® 62 910 36.90 560 9 5® IS 9= 10- 1057 37® 23
61 ® 4- 5® 20 8 0 46 804 37® 20 56*7 5® 00 8.82 543 36.63
6q 0.8 ^0 63 7® 61 1123 36® 96 53®? 4=52 8.41 ..1067 37.01
6g »?: 5® 57 So 18 1201 36.83 53.0 3 = 94 7.43 851 36.81
59=8 5® 33 .80.91 817 36®48 j 50® 1 4.95 9.88 1136 ■37.06
59 = 8 4 a 68 7® 82 955 36.10 j 49.3 4® 12 80 35 509 37.17

il



Sheri phosphorus was determined, no definite correlation could 
be made between the percent shell.and the phosphorus content 
of the shellg however% further investigation •©£ this phase of 
the study will be pursued.*. It is possible that the method 
used in' this study for phosphorus determinations is not - sensl- 
tive enough•to detect such small differences when the shells 
are analyzed individually*

Ho explanation is available for the'decline in the 
phosphorus concentration observed in this study* As the 
phosphorus concentration deelin©ds the environmental temp
eratures increased.® Howeverg the hens were algo increasing 
in age* It has been shown that the shell gets thinner as 
the temperature increases (WilheXn^ 19^0}* Howevers at the 
present time the shell seems to be physiologically unrelated 
• to'the .decline in phosphorus eoneentration® , Further investi
gation will begin at this University soon, to check out the 
relationships and discrepancies found in this study%

Analysis of Membrane

Since a significant difference *01) was observed
between treatments in the phosphorus concentrations of the 
shell, it was found desirable to separate the shell from the' 
membrane and determine the calcium, phosphorus, and protein 
concentrations of each component* .Since much difficulty was 
encountered in the manual separation of the shell from the
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membrane9 this was dotue only one© daring the coarse' of studyo, 

The relative concentrationsof the above mentioned 
elements found in the membrane are; outlined' in Table 30# The 
phosphorus concentration in the. membrane ranged, from 121 to 
126 ppms and that of calcium from 0eG66 to 0o069 percent<, It 
pan. be seen that most of the shell membrane is composed of ■ 
protein8'which'constitutes from 9605^ to 97 = 89 percent of the 
total membrane» AIT the analyses were made on a moisture 
free basis® ' - " ' .

Only the relative concentrations were determined 
because of the difficulty in removing .the entire membrane 
from the shell* This author observed that after peeling away 
as much of the membrane as was possible from the shells there 
always'remained, a coarse meshwork of fibers attached to the 
shell proper© A similar observation was made' by Stewart (1935) 

No information is available as to- the amount of pho.s-
phorus in the shell membrane © Romonoff and Romonoff (1949)

; . ,■ ' ■ . >:■ : ; ■ . .. ■ ; >

reported that the shell membrane contained approximately 10 
percent inorganic matterg. of which the largest percent was 
calcium© Stewart (1935) reported that calcium carbonate was 
absent in the shell membrane © If this is corrects the'minute 
quantities found in the membranes in this study must have been 
in the form'of di= or tricaleium phosphate©

Analyses were carried out on the .^inorganic** portion 
of the shell for the. above mentioned elements8 and the results 
are summarized in Table 31* The phosphorus concentrations



Tafole 30

RELATIVE PHOSPHORUS s CALCIUM s AND PROTEIN 
' . CONTENT OF EGS SHELL MEMBRANES1

Lot
No®

Supplements to 
Basal Diet 
I-gmo./kgN, )■ ....

Phosphorus
(ppm)

Caleium
. C%)

Protein
Cfo)

Soft ' . 
Phos®

Dloals 
Phose'

6 45® 00 126 0 ® 066 " 97*31
7 13.75 14.80" 128 0o069 96,54
8 ; 27$50 • 8*30 128 O0O68 96 e, $2

9 21® 30 122 . 0,067v. 97.89
3.8 121 ;O0O67 . - 97 ,52

1 Moisture free basis®
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V : . ; . Table 31 . . : ; ' ' . ■

BmMSTVE meSBHORUSg CALCIUM3 AK3 FROTE1W CONTENT OF ' : V
v ..v;y;.v ' . 'y'" THB;y SHEMy,, W l ^ O W y  iHE :MEMHRA3SE : y-y y' A/y ' v .

Loj:
Wb#

Supplements, to,' y- 
y Basal Diet

•Fiiosplipruis:
' (ppm}. . .. : Calcium 

($) : ;
Protein

:: -Soft 
■ BiiPs« y :

Bloalo'
F.tlOS a. •

;:A ^ 45,00 1*39 •• . 37.68 : y,2-35
: ?;v ;y; ' yi3#y : ' : . 14680 989 ; :y |5%#9yy: : ,2.2(1
\ 8:y: : ,2.7̂ 50 ' .; y A A ° y A ■ SB4,r.,: y ,

■ • 2-•58' 9.' yziY# 1005 ■ '37*93

IBy'/'y yAA- ; : 9 #  ' - y.y' y- 37, 95 2A45.
.



varied,, d'oris'ide'rably betweeii treatments ’ (1039' to 9-.61 ■ ppm) « The ' 
relative phosphorus level of the shell . without, the membrane' 
was slightly higher than that obtained, with the same shell 
having the membrane .intact; (Table., ,32)> .-The ' baleihm:. levels ■ .
were also slightly higher in the. shell _ without the membrane \ ' 
than in the shell with the membrane intacts . The protein/ ; 
content d' the shell when. separated 'from the1 membrane (Table. ,31) 
ranged1 from 2*58 to .2•35. percent., wliereas foi "the ' shell with . 
■■'thê 'm'etnbrahe intacts ■ the pr.otein content of the shell ranged . 
f rom :4» 60 to k*?** .pejrdent, . The .protein values are similar. ' 
to those, of Almquist (1934) s who stated that the 86inorganic*8 } 
port ion contained•2 = bl percent -protein® It is not known with . . 
certainty whether the protein found in the shell is a part 
.-of the • wih0:rganioV shell, orujtis't■ protrusions' of .the membrane,,: , 
into the shell® Stewart (1935.) concluded that the latter 
was: true®.: , /■ ' ': : : w '-/h.- ■ .. / ' ■ . ■ ■

' The analysis: of:shell and:membrane separately'indicates. 
that the observed changes with regard to phosphorus were apt 
.•to ■ appear •In the; '88ln0rganlc88 portloh .of .the shell® T h e s e ' , ' . • 
analyses will..be of value in the future work on egg shells \ .
. planned at this Institution® - • ' V ' .. :

.Tibia • Analysis ' ' : t-- t:". '' •; . ' : " • :/-

•; : . ; ' f, -' (JpOn tefminatio'ti Ofthe'- • s tudy $• . ten hens f rom each . lot , , 
were sacrificed and their' left tibia's • retained for ashing and.. : 
chemical analysis® \ The percent bone 'ash for each lot is



Table 32

■ I; RELATIVE PHOSPHORUS s GALCI DM s AHD .PR0TE1H COMTEIxfT 
' V v ■ ' b:E SHELL ¥ i m  THE MEMBRA1E 1 : 'v . v '

Lot
,Hoe

6 .

7/

8

SuppXements to 
Basal Diet

Sô t-,
Plios »
45.00
:13*75 - 
27® 50'

'Pjiosptiorus Calcium-' Br-otein

Bicalf 
Pfaos .

t4»-80: 
B® 30 
21.30:

.(ppm)

971
927

36.78
36.e4o:
36*48
36.46
36.50

m

4 . ?4
4%60:'
4*65

4.75 
4,73
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summarised, in Table 33® The lot receiving all dicalcium 
phosphate (21o3 gtnw/kg».s X.ot 9 ) had the highest average per=> 
cent hone ash {6k-* 28%>) 3 whereas the lot receiving no suppl’d— 
mental' phosphorus had the lowest average percent ash {62B78ybg . 
JLiot 13) a This difference is insignificant^ since the ash of 
the individual bones within each lot varied approximately four 
percents Howeverg G-illis et al» (1953) showed a definite 
change in percent bone ash with the level of phosphorus, in 
the.diet of laying hens® These authors got higher percent 
bone ash when a high level ©f diealcium phosphate was fedg 
than when the diet contained a high level of phytin phosphorus® 
These authors further showed that the bone ash for the lots 
receiving, 1*33 percent dicaleium phosphate was .64* 1 •• percent* 
This is approximately the same value that was obtained from 
the lot receiving all diealcium phosphate in th@: study reported 
herein (Lot 9 $ Table 33) a. , v , ; , :■

The’ash of at least three of the tibias from each.lot 
was analysed for their ealcium and phosphorus content,® The 
average percent calcium and phosphorus content for each lot 
is summarised in Table 33» The calcium and phosphorus con
tents ©f the tibias were constant in all lots® Average, 
phosphorus contents of the tibias. were 11 ® 04 percent g while 
that, of the calcium was 24® 78" percents This gave a calcium—.-, 
phosphorus ratio of 2®24® This is a further indication that 
there was■no difference in the percent bone ash between



Table 33

EFFECT OF' PHOSPHORUS SUPPTEMEHTS ON. BONE ASH, CAX,CIlMg 
AND PHOSPHORUS CONCENTRATIONS s AND CAgF RATIOS 
' OF TIBIAS FROM &, C, NHITE. LEGHORN PULLETS

Lot
Ho®

Supplements to 
Basal Diet 
(gnu/kgo) •

Bone
Asia
m

Pia® s 0 
(#)

CalciumCfo) CagP

Soft:
Piaos®

DleaI® 
Plios 0

6 45.00 esa «=,«=,«= 63.23 11.07 24 0 81 2.24
? • 13*75 ' 14®90 63.30 11.24 25.18 2.24
8 2?.50 8.30 63.30 10 ® 98 24.60 2.24
9" ™ = ™ , = = , = 21.30 64.28 10.94 24.7.2 2.26

18 62.78 10 ® 99 24,59 2.24
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treatments® Had. there been a difference in the percent bone 
ash.g the percent calcium and phosphorus of the tibias would 
have beeh altered^ thereby altering the CatF ratios

The. .information concerning the calcium and phosphorus 
content of laying hens is very limitedo A number of percent 
bon© ash measurements have been recorded; however9 the r@la~ 
tive calcium and phosphorus concentrations were not pursued®
It would seem that by determining the concentration of the 
two major elements present.in the bone and determining their . 
ratios9 a better record of bone development could foe obtained® 

It has been shown.by 0-9Rourke et ale (1952) that, the 
chick at ten weeks Of ages fed the recommended levels of 
calcium and phosphorusg had approximately 55 percent bone 
ash,.. but again8 no toformation is given as to the relative ■
concentration of calcium and phosphoruso
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,v-': ' The' lot v:̂ eceiirln'g'%o ' Supplemental ;pli4s]5>.tores sig:» '• • .
; nlfIcsintiy: (P < o01) .higtier rate of egg production' tixan .any' of - ̂ - ■'l
tiae supplemented lostv .Egg production was depressed in all ■ - ■

. ' lots’:''reeeiving:. supplemerital: .ptiospi3.orus iwtlen dotitpared with
lot recei ving /no supp 1 ementa 1 p.lio:sph.oicus» 'There - was no signi- . ■ ,

■ ’ £ leant dif f e'renee . "(P < » 05) among the ■ pb.ospli.orus supplemented.: ;V 
:: :'..:'lbts a -/Yhe'S©- :-resu'l'ts«' aldng ':witia ■ ttiose of previous workers

tends ;to Indiea'te' that ,- the laying tien does, .not . require more ■ . ' . x • , ,
' 'than 0 $ 4.1 percent total phosphorus for egg. product ion e‘ ; ■
- : . 'v ' .' The ' lot f ed no.' s.uppiemental phosphorus . |li© t '18) ' had - ' ' '
. aifoet ter ■ feed eonyef siona.:.' This - was evidenced: when expressed 
on. either a lb.®/dos® eggs or gms /gm.® of egg basis® : These ''i i

'■ values for, the negative control were 4®29 and' 2e 69 respectively,
, while the averages- for; supplemental •lots- were 4«, 85 a.nd 3»0,3 ’
, .respectively® " ,-:X: , ' . . ' ’ ■ X. x . -'X;X::::: .
. ' 'X'.' , ' There was n© s ignif ieant -dif f erenoe Q^')/: in/the ' ''X 'V :

perceht: hafchability-pf fert.i.leX .eggs.® , The m.orta 11 ty whieh;' :-:x:x-X:. 'x'.'X-
oceurred in the study could not foe directly associ&.ted-'with. : x: • .X’:
' the phosphorus.^treatment .,fe,d® . There:' wag :a greater loss of "X x'''X:Xx:: 

::X-weight in .the: negative .control than in the- other .lots tested,, ; • :
■ howevergit is apparent from the results of . this study that the 
maintaining of foody weight was not necessary for maximum egg

: ' productions since the- lot - fed no supplemental phosphorus had • . 'x ,
: the highest'fate of egg production and also the .great©st IdssX:;; 'X: •



' ' ■ ' . ■ ■- ;W *  V '
in body weight.: ' ' : \ ) A ; ■ i:
’ : \ The lo;ts receiving: trie higher. levels of dicaleium . : ■

. ■ -ptteispMate "(T,dt:s 7 -airid' 9l; had. a significantly heavier (F<̂ ,«,01)

. • egg than:' the pttier:. 1©ts; tes-1eSe 'Hcyevef ŝ ■ /the phosphorus eon- • '
. ; tent of the egg yolk was unalteredo ; : . ■ ■ ' .  ̂ ; v;: i _ -
; a : . ■ ? a '' AThe 'Irea-ght 'of th.e alWmlng-: the' Hahgh, tnhex; U6A : S e ' ' ■ 'a;

grade distributiong . the .mottling of the yolks s total- bleed-' hV :
. ; spots were all used- as criteria: for measuring the internal- ’ ' ; ,,
- y.quality of the egg. Significant differences were observed
_ .between treatments in all of these measurements, excepting- "A:"--.
• the mottling of the yolk* ‘Whenever a .significant. difference 
a - Awas 'Observed, it was observed in hot: i8y receiving no supple- ' ■
; 'mental phosph©rus:and in/at least one supplemented lot. , ' -a hiy
■ This indicates that either the ,basal diet in-,th© study was . :

a .not:.sufflei©ntly' low in..total ̂ phosphorus' to : measur.e t h e ■ ;■ "..:y
effect of supplemental phosphorus on the internal quality. . . 1
of the : egg.g or the" internal - quality of- the -egg- is not affected . ; .

V ' by .^phosphorus-; supplements ® : ; y; v ; ; ■ ,V-7 >;y,y:AA;':
Percent shell s absolute weight of the. shell s and the . '

' shell index were .used as criteria for measuring the quality-.;'. -; pAp.
of the- sheila ' "The abs'olate 'weight. of shell and. percent shell'-A' A A' a • - a ■ a- 'V';; ;-a; . a . - ■.  ̂A A\_t,^A
' and shell index declined, in all lofs as the study. progressede 

a } The lot -tecelvin.g. no supplemehtal.- phosphorus was fbund,;super=:' A :
A ..for y'dn tail ; threbA- Of .-the measurementa:, outlined above®:' however^

one.; ofthe ' supplemented .lots was also found to be superior'. '
' ‘3 ’ ' ..-;A  : 1 , 7 : ' : ; : , '/ A t ;.'' ' :  . y , ’ .i; / M 7 .  " t ; ; . - - y ' , a  :-; ,■ : t  . .■ ■ . :  '' when the absolute weight- -and -percentage shell were considered^ ‘ ‘
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indicating again that either the basal diet was'• iiot1'suffic
iently low in phosphorus".to measure the effects of phosphorus 
supplements ©n the external quality of the ©gg9 or possiblyg 
these measurements, were not affected.-by the phosphorus supple-, 
ment fed*, ■

Analysis was carried out ©n the egg'shell for calciumg 
protein9- and phosphorus® Calcium and protein remained, rela
tively .constant throughout the study9 but the phosphorus 
concentration of. the shell declined consistently in all lots 
regardless of dietary treatment, as the study progressed®
The .average rate of .decline for all lots ranged from XZ6±Z6 
to 95*#±30 ppm®: Regression analysis indicated a significant
difference in-the rate'of. decline of shell phosphorus between 
the supplemented and unsupplemented lots® The" rate of decline 
was curvilinear, being accelerated as the study progressed#

There was- a positive correlation between the. rat©
"of decline in 6-hell phosphorus ■ concentration-and the decline
in the average percent shell6 ....

Ho differences in the percent bone ash between the 
supplemented lots and the unsupplemented lot were observed# 
Analysis'of the bone for calcium and phosphorus indicated that 
the percentage composition of these elements remained relatively 
oonstnat between treatments® . .
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