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ABSTRACT

Eggs were obﬁained on cénsecutive days twice each week
from each of five léts of S, C. White Leghorn Pullets {50 pul-
lets/let} that were fed a practical type basal diet supplement-
ed with either soft phosphate with colloiddl clay, a c@mmerciai
'grad@&véicaléi&m phosphateg or with 2 combination abere@fe Gne'
lot receiving mo supplemental phosphorus; served as a negétiye
control. By analysis, the diets contained (%): protein 18.55%
0,49, calcium 2,30, phosphorus 0.72240,017 and 0,L411£0,033.
Calculated inorganic phosphorus w&s>@;590 and GQEOQ‘Qéréent
respectively. |

. The lot receiviﬁg no supplementa 1 phosphorus bhad a
significantly higher (< ,01} rate of egg‘productiom'thén
the other lots tested; This was evidenced during %hé winter
and summer m@nths;_ The n@nmsupplémented‘lot also had a better
feéd c@nversionlwhen'expressed on.either a 1b;/dgza~éggs‘or
gm;/gm; of egsg basms; The vaiueg for this lot were Q;29 lbso g
and 2,69 gm§ respectively3 while the averages for the other
lots tested were L.85 amd 3. 03 gmo resnectmvelyo

There was a gredt@T loss of body weight among tne
birds in the lot receiving no supplemental phosphorus than
in those fed the supplemented dietsé This still 4id not
affect the rate of egg production in the lot fed no supplemental

-osphorus; Theré was no significant différehce between treate
ments in the percent hatchability of fertile eggs; The lots
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. recelving the hlgher’levels of ﬁieaicium phosphate {L@ts,?;'

. and 9} had'si i 'antly neavxev (Pé, 01} eggs .han“?hese

‘?ln the other lots te tedo-

The di erences. ouse?ved Lﬂ mhe 1nternal oual;ty of :

/.:‘bhe egg coula not be SSOPlated w1th dletary treatm@ﬁt

51nce when SLgnlflﬁant dlffereﬁces were observed they weré

,i}w&th@ut exeeptlon Gbserved in ta@ non supplementeé lot and 1n
.aﬁ l t one Uh@gnhﬁrus supwlem@nted lot@ | |

» Absolute amd relatxve welghts of shells frgm eégs 1n

1'all‘§reatmenis Qecr@aseu§ as nrevx@usiy reportedg beglnnxnb“'

wiﬁh'the'fcurﬁh eXnerimental‘anth (T'ﬁ’ 1953}9 Thls
decllne WES aﬁnarent aFter the shel? 1nd@x9,mlnlmi21ng the

‘ eff@ct of 1ncreas;nw eg leemaVPSECGMt she;ig-was.cemnuteda

| The n@nmsupplemented 1ot haa a stgnmfncantlv ﬂlghu

iinezcemt shellgbanm‘sheml wnaexg when e@mpared wmwb the lot
ir@ce1v1ﬁg all soft nhosnhate thh colIO&dal claya |

| alc_a_um5 phogpnorusg and nroteln d@termlnatlons were
icarried @ut~at m@nthly intervalson'pealed'samples vashells
{fr@m the @ggs usad ab@veg lecaum ana nroteln c@ntent wf

 ;the ahells remalned relatlvelj ﬁanstant 96 8%+ 06 ané Q 65+

elO Qercent resnectlvelye io?al ph@snhorus of she?ls decllne&

.'Shaxtﬁly ':a_n'am,.lots from 1127«526 to 95@4—39 ppme - Reg ress:s,on |

i analysxs lnalcaued a 51gn1flcan lfferénce in the rate @f

?gfde@llne mf ghell nb@snhorus between fhe bunpl@mented and

ﬂ;n@nmsunnlem@ntea 10tbs The rate @f decllne was Lurvlllneaag

1%beang accelera&ed as the study‘nr@gressede

v



There was a corrvelation between the decline in percent
shell and the decline in phosphorus. This correlation could
ndt bg,reyroduceé.physiologically when;shells of different
percentages were analyzed. Neo differences werxe @bsérved be=
tween treétments in the percent'bone ash or the calcium and

vhosphorus concenitration of the shell.



INTRODUCTION: . REVIEW OF LITERATURE

Need,for~1noy-@nic Suoolement -

xS

Wheeler (1903)9 attemptlng to determlne the value of
mlnerals contained in commenly used feedstufﬁs of vegetable
@rlg;mg ad@@d~sand and gr@and-Eloridg r@@k phosphate to day
'old chiek diets. The growth of chicks fed the phosphorus
supplementéd diets was observed t@jbe superi@rfto that 0f
birds fed the diet supplemented WLthfonly'sand;
| The resultsnof,WheélerOs‘worké indicating a possible
need‘for'mineral Suppléﬁentation of pgﬁltry diets; recgived.
veryflitﬁie atténtion until Xennard (19195 1921) demonstratéd ‘
‘that a dlpt comp@sed of graln and soybean oil meal will
sunn@rt satlsfactory gr@wth of chlcks to eight weeks of age
when supbiemen&ed wmth three parts of bone ash; -Subsequent
work by ?hllllns and Hauge (1025b 1ndlcated that soybean o1l
meal was’ a satlsfaotory source of’ proteln for laying hens
‘when the diet was Suﬁélemented with minérals?

» ETﬁeilimited utilization of phosphdru$ from grains
'>and other vegetable sources by sounie anlmal specles was sub-
.sequently demonstrated by Bruce and CaIIQUS (193@}9 using
,ratsav These workers recorded a lgw avallablllty for thSQ
'phorus when lt @courred ln the form of anSltOl hexaphosnhoric‘

, a01¢@ ‘The dlstrlbutlon Qf phosphcrus ln.thls form in plant



2
o materials was rép@ftéd by Hérris and Bunker (1935); whd'f@und
that between 45 and 85 nercent of the total n30>0harus in b0
stralns of c@rn9 eXlSted in the @rnanlcaliy bcuna forme’”

Later W®rk-by.ﬂeuser et al; (19&3} suggested that av”reasanablef

quantlty“ of non phytln phosphorus must be anluded ln the dlet,

of chlcks for normal growth and bone calclflcatlonez-

-‘?hytlc écld and‘lts salts are collectlvely’termed
phyfih@ The nh@sph@rus f@und in Dlants exmsts malnly ln this
f@rm;’ In cereals and cereal bymproducts the ﬁhytln is found
in the éuter bran layers (Harrlsg 1955)0 ﬁ

| L@W@ et alo (1939} renorted that the addltlon of 05 369 §
'perceht.phytln ph@sahorus to a basal dlet9 cantalnlng Oébl

percent inorganic “3hosphorus9 dld not lmprove calclflcatlon

4‘of the bories of chlck59 Whereas addltLOH @f equlvalent am@untsz"“'”

nf dlbaslc s®dlum bh@sphate ralsed the b@ne ash ten percente
Slnnsen and Mitcaell (1944} stated that plant proteln concena
ttrates may be used for gr@w;ng stock w1th@u% recourse tot‘
‘supplementary lnorganlc vhosphorusg prev;ded unheated leafy'd
materials wer'e lnoorp@rated lnt@ the ratlang or access wis
’pr@v1ded t@ exther green wrassg 1eafy forageg @r te range;;?ﬁ
'They suggebt@d that nhytln ph@sph@rus was efflclen+ly utll&zed /
'fby chlcks when the ratlons cgntalned a suffLCLent &mount of a‘“

fphytln spllttlno enzyme phy&ase@ Thls theory apneared to be



untenable however; in view of the results of McGinnis ek al;
:,(iQEb}.aﬁd’SPitze? et eIQ.(i9@5§ 1948}§'wh0,have shown_ thae
phytln utlllzatlon was not affec»ed by the presenee or absence
of phytase in the dlet9 and tnat thls enzyme was. naturally
,'present ln the dlgestlve tract of anlmals@“ Glllls et ale"
(19@9) showed that replacement of an adequate level of
‘avallaale lnorganlc phosyhorus by progess;vely higher 1evels

of phytlng resulted in a. rapld decllne ln ﬂrowtn and ea1c1flu

catlena and in a- marked lncrease in the Vltamln D requlrements¢7‘gf

'Howeverg the Vltamln D dld not overcome the: adverse effects
assoc;ated thh 2 1ow dletary ]evel of non bhytln phosphoruse
ER Phosnh@rus balance trlals have been e@nducted w;th -
ohlcks durlng the age lnteevals of one to seven veeks9 w;th
"ﬁlets contalnlnv 0 385 percent phospharuse These dlets'were
:eupplemented watn varlous @rganlc and 1norganlc aourcee'ef |
phosphorus (leolalczuk9 19Q9DQA The mean phosphorus retenn,
tlon of calcxum magnesmum phytate was 16 percent wnlch wae,
cenSLderably 1ower than that of the orehophosphates testede
It has been generally assumed by mest lnvestlnators that they
phosph@ us of the phytln molecule was very lnactlve‘ln the
- body: of t he Chlck cr~the ncultg and that the lntact moleeule‘
epasses Qut of tme body 1n the feces (Common9 1939)3“ “‘
Slngsenfet alq (1950} showed that phosphorus Of‘tﬁe
pnytin molecule9 fed a phytln tagged with 3329 couid move

qulekly and eaSLIy threugheut the b@dyg as’ was eVLdenced by



thé-pfesencéf@f:?32Iiﬁ'th@ b@ﬁé;  Héwev9r§-this;dées'nct
indicate ﬁhat[thgiphjtin-ph@sph@rus has contributed to the
nét gain of ﬁhe element-fér ﬁone-calcification since upon
ashing of the b@ne‘lowgbgne’ééh valﬁes were observe¢; It
wgs concludedgﬁhereﬁareQVthat»the phytin ph@sphorus>mérély
entgrs intevanfexchangébfeac%ign with the existing phosphqru$
ihfthe bene. |

Gillis, et al&'(lQ5?}’£&Ve iéolgted phyta%e as;the
’ 031ci§m saltffr@m«kermeis.cfieomn whidh-@arried~9325° The
corn was prepared by lnsectlnv a- solut;en of ?32 lrectly
inte the corn staJKS'as'the-grain approachedbmaturltya

Normal young chicks utilized.?32=1abéled calcium phytate

B énly,aboutvaneﬂtenthﬂas effectively as inerganic Orth@ph@sa

phate (Naaﬂw%%}f; " In the presence of a Vitamin D deficiency
. the chiCks‘&ié‘nét.make signifiééntAuse @f*phytin'phosphorus§
lﬂéweverg the utilizati@n of the inorganié source of ﬁhé isaa‘v
't@pe by the @hlck was not lmnazred by Vltamin D d@flciencya

| The utlllzation of phytln phoapboras by 1ay1ng hens
hésﬂnct been adequately defiheﬁ@ Sommon‘(l939)»obtalned'
evi&ence that«a large. part of phytic-acié’in.the diet of

‘1ay1ng hens remalned unhyur@iyzed as it paSS@d through the.

-_digeﬁtive tra@te To. gLVQ'supmort to Gommenvs Workg,Glllis

et al ala (1953} saoweé that phyt;n phosphorus. was not as satisw

factgry as ln@rganic phogphorus nn meetxng the requlrements

| L,@f 1ay1ng bxrds@ Thls was - tru@ when purlfm@d calclum

phytate and phytln found in oommon feedstuffs of plant origin



‘wefe used;. It was esuimated that. phytln nh@snherus w&s.utillzeé;lt
about one half as. weli as dxca101um nhosphatee &“Rourke et alo
{195&} constructed a semlnurifled diet ceataxning 0o 19 p@rcent
pﬂgsphoru59 of whlch 0 12 nercent was phytln gh@snnorussf This

":ratlgn éld n@t sunport “n@rm&l“_egg pr@ductlgn and hate%abllltyo‘

A@“R@urke~¢t'alg {1955) sheweé that normal egg production and
“hatghability quié_bejmalnta;ned_on a basal diet @Oﬂt&inlﬁﬂ
0;@3 percent ﬁ@%él phosph@rusg h@wevefg the percent of phytln
_ ph@sph@rus present in the diet was not ngena

Penp@x etlalg (1958} showed that. hen5 malntalned

“nermal” e8E pr@duction and egg shell quallty when fed a basal
diet contaln;ng no supplemental phosphgrusgrhaweverg agaln the‘_‘

lpercént Ofxphytin'phosphamus présent’was’not givene“

Availability of Suvplemental Inorvszenic Phosphorus

- Siﬁcefeérlv iﬁvestié&thSuhavé sﬁoﬁnﬁthat phqsyhorﬁs

Cin the @rg&nic formg as fauna ln comm@n feedstui‘fsQ was n@t

: utillzed to any great extent Dylthe ch:n.ck9 attentlon has

beeﬂ d;rected to lnorwanlc supplementatlone Much,work has

‘been done to determlne the gest inorganlc sunplemenﬁa |
 Inlt1a1 wwrk by Blrd ‘and askey (19L3}9 usimg a law ph@sphorus ';fi

practlcal type basal dlet and L@n@ ash as-a measure of sho |
lyherus availabilityg'indicated that‘ambrph@us calcium metaph@s=
'phate was a satisfactory supalement when compared with trlcalnium‘
“ph@aphatea Gerry et al@ (19@6} snawed that Taw - rock nh@%pmate‘g ﬁ

'ané‘cQIIOLdal ph@spnate retarded growth ‘of . chickens under e&mht



weeks of age; however, this was overcome at anAearly‘age;
when - the diet centalned less than 0,068 percent fluorine.

Superphosphates and r@ck,phosphates‘wsre‘found to be high‘j

in fluorine. These phosphorus supplements were detrimental

to gi@wth if they'bontained more than 0;38 percent of
‘flua?lne (Gerrj et alog 1947)9

| stng growth and Dercent bone ash as criteria for -
measuring avallablllty 0£ phosphorus‘ln ohlcks; Slngsen'
and S&ott (19&6) re§ealed that sodium‘acid phosphate, tris'
 ca1c1um ph@sphateg and b@ne mealg ‘were of equal value9 and
.r@adlly avallable to the Cthko Gillis ot ale (19&8) |
rep@rted that orthouhosphatesg 1nc1ud1ng potass&um acld
vphosnhateg pure beta and trlc&l@ium phosphate9 and reanentv
' grades of mon®g1 diag'and tr1ca101um ph@sphates were
 4$0§11ent sourées of.phosphoru59 and were slightly‘more
.avallable than steamed bone mealg The defluorlnated superm_
f;phosphate and defluorlnated phosphate rock products were
fOUﬂd to be good sources of phosphorus9 but sllnhtly less‘
‘avamlable than the pure orth@nhosphates or steamed bone
’mealg Further @Vldence @f the avallabillty of bone meal9
.dicalclum phosphateg defluorlnated bhosphate9 and Guracao
Island phosphateg was furnlshed by Millexr and Joukovsky
:(1953)o Grau and Awelﬁart (1953) found that phosphat;c“
clay ‘is not as valuable a source of ph@sphorus as is bone

mealq These wcrkers concluded that the growtn 11m1t1ng
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factor was not associated with fluorine, because when sodium = =

fluoride was added to a diet supplemented with tricalcium

phosphate9 1t'did not depress growth“ar affect calcifiéatien&--!7

Usihg t@e ash determlnatlons f@r measurlng the degree””

of'calclflcatlong.Jonnson ot al@ (1953)‘found that feedlng,

fdur percent soft ?hosphate (0236% ph@éphorus) with c@lld@ﬁal Tf.””

clay produced satlsfactory cwlcmflcatLQn and growtho ,Q '
SLmllar cr:c'«v.:)wﬂt:h resp@nse occurred Wlth a twa per@ent level

(0 th Dhosnhorus) of steamec bone mealo Using a,practlcal\, 

Vtype diet§ Gl]lls et ale,(lqjl) concluded‘that the phoSPh@rUS**b”*;

1n celloldal ohesphate was about .one fourth as effective. as
orthophosphate%;ﬁor chick growth and,bone calcif%eationo‘

bT.;A sqluﬁility‘p5039dgrg‘fqr,méasUringbthe évailabiliﬁy‘
qf vafioﬂs'phgs?hqfus suppieménts wa$ developed‘Eyiﬁeyﬁdlﬁ:
et al, (1944) o The availability was baséd on théir solu-
‘ b11lty in 0, L percent hydrgchlorlc acld@ The selublllty of’j
"hydrated dlcacllum phospnate was f@und ta be 100 percent |
that @f alpna trlcalclum phosphate 77 6 percent and beta;
-trlcalclum 76\8 percents The solublllty of two steamed
:bone meal samples was 98 2 and 100 percentg whereas that of'
. defluor&nated phosvhates ranged frem 2902 to 9492 Dercent@
Scllo;dal phosphate was found to be»69 2 bercent solubleg.

A blolon&@al assay pr@cpdure was develeoed by

"Glllls et ale (1951)9 who used a blood flbrlnncerelose
' pur;fled type dletg contalnlng about 0 05 perc@nt total

phosphoruss to c@mpare the relatlve avallabmllty of a number



.of comﬁén pﬁ@ébhérus supﬁlementé; /The grewth and b@he &sh”
of chicks fed several phosphorus supnlements were cempared»
t@ thase @f chlcks fed trncalcmum phoophat@ wh1cn~had been' : 
ass;wned the bloloploal value of 100, A1l @rthophosphates:‘>
were foundvte‘be readlly ava&lable@ " Bone meals weré goad
samréés of ph@sphmruséf Most @f'ﬁhe‘pyreﬁh@sphates were
cgmpletely una?ailaﬁle;'as wereiﬁhé metaph@sphates;? The
authors pointed out that the HCL method §f estimating'
availébility had Oﬁly‘limiﬁed usefﬁlnéés; Solublllty couldf
not be taken as an lndlcatlon of biological avallabllltyo

[ & was polnted out that the rather soluole alnhas beta, and
gamma calcium pyroph@sphates were completely unavallable
_b;@l@g;callyw _ A

B .Motzok ét‘alg (1956) studled the wvallablllty of
twentywbeven phosphorus supplements of b@th reagent and
commerCLal gradesm. These workers poznted out that soft

o phosphate w1th colloxdal clay was not a standardlzed productgt
and that bone ash and growth response were not always of
‘the same sen51t1v1ty when measurlnp the bloloﬁlcal ava11a=‘f
blllty of ph@sphoruso_ Thls was ev;denced when flve samples
@f soft ph@sphate WLth colloxdal clay were @btalned from’ |
.:d;fferent preducers@ .Four samples-gave growth and bone
 asn values 51gn1f1cantly below those observed WLth ter .

ca101um nh@sphate supnlemented dletso @ne sample gave a

Ngrewth resnense slgnlflcantly bel@w tr;calcxum phﬁsnhateg



but the §é§ceﬁt bdnefé5h~wasiﬁdt §ignificaﬁti§1éiffereht;i*
‘;.As Judwed by percent b@ne ash and b@dy weiﬂhtg lt was found
_tnat tricalcium phosphateg mon@calcxum phosphateg dicalciumk-‘
1phosnbat@$ m@nos@d@um 3hosphateg élsadium nhesphateg Guraca9'  
1Island phosphat99 sadiam trxn@ly@hwsnhateg ané ac&d,scdium
'éyropﬁgspnateg were: readlly avallableo |

, The avamlablllty @f ph@sphcrus to 1ay1nn hens has

v‘ﬂ”not been studied as exten51vely as. thh CthkSs .Halp;nf.i

- and Lamb'{19)2) reported_that hlgh 1eve15'of raw'iock phés;f'
. phate ‘and Qh@sphatlc 1lmest®ne had a. depressin@ effect up@nt
- egs pr@ﬁuctzens' Evams and Carver (19&3) sh@wed that defluarm’
vflnated ph@snhate gave as ”satlsfactory“ egg pr@ductlon as
.'bone mealg when the same percentave was included in the dleto
?'The avallaalllty o-’sant phosphate added to a basal pract;ealﬂik
1‘type dlet was. @@mpared Wlth a. dlet not c@ntalnlnn supplee‘,
mental ph@sphorusgland also to & dlet contalnlng dl@&lc&uﬁ

'§h®sphate§~by Eenpervet>ale {195830, These-werkers showeé

g that there was n@ dlffer@nce in egw proauctl@ng feed réquireﬁ

'per dozen ebgsg b@dy malntenanceg @r egﬁ shall qual&tyoy

.Ph@gph@fas,R@guirement]@f;th@lﬂhiék aﬁd.iaging Héh

Wmlgus (1931) remorted that the requlrement for t@tal_]-
liphosph@r@s by the Chl@k was 005 percent of the dxet or Tesse

The autn@r also observed that the.calglummaphasphorus,;atgg,
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céﬁld véry b@tweén 1 @°1 anéw2ﬁ2°1§ with,ﬁ@rﬁél~mesa1t§;vbét.
“if the ratio was 3@ 819 the r@sults were élsaetr@use Tﬁe 3
ph@sph@zus rerlrem@nt was hloher éurimg the first six t@
elght we@ks of gr@wth than for the ensuing twelve weeks
wh@n ph@sphgrlc acid-w&s.US@d.as theuphosphoras suppl@menﬁ
KSh@rw@@ég lQ&Z)Qv The.caleiumm;phesphorug'xati@ in'%he”ﬁémé
was found, by Haag (1939), te. progressively increase . fr@m
125 in day old chicks, to 1,73 in birds 20 weelks- @-l*dg‘: The

;ﬁati@n&l Ré@@ar@h Couneil (1937) listed theaminimum~r@quirem
.: m@mﬁif@r~cai@iumy&t»@;7<pefc®mt;‘but;statedathétﬁgbgatvtwice~‘f
‘this am@um£~was_desimabl@;U»The:mimimum-t@ﬁalwph@sph@imsf“
re@uirem@ntuf@r ail,ages was;fdund t@:be-ab@uf Oéﬁ»per@@ﬁ% -
ox 6;5 pér@entg-allﬁwingﬂfdr a.margin-of safety; It wasf’
report@a by Slmgs@n (19@6) that 0o QS percent non phytin
phosmhgxus Ain the dlet w©ula su§port excellent gr@wtﬁ and
'bﬁne calclflcatlon Ln the. Chlc£a @ptlmal resalts were
, abtaln@d,by Carver gﬁgglg_(19@6} ‘when the dlet c@ntalned
LN 6 per@ent calcnum and @ 8 perc@nt t@tal ph@snh@rUSe

¢G1111$ et ale (19@9}9 usxng purified and pra@tical type

Adletsg C@n@ludeécthaﬁf@ptimumf@arly r@wth and b@ne format&@n -

‘were @btaxned thh 0 6 p@rcent t@tal ph@smh@rus &n the dletg
of whmch O M p@r@@nt had - to be non phytxn nh@aph@ruse ‘stng
- a naturalwda@t»withmS@mevphytim~ph@sph@rus@ Gﬁﬁgurke"gg;gis,
&19529 1955).d@mométrateé that-thefrequiremeht~f@r total

ﬁh@sph@rus &@@r@as@d.with age&”.At least 6.73 peréeﬁt‘was



1z
ﬁeeded’f@r‘chi@ks u§ tbvthregiwgeks @f-aéeé’Qgé‘percentnfrOm 
 f@urxt@»t@ﬁyweékégiaﬁd:het m@r@kthgn‘egkz p@rcent;from"ten-
"weeks §0.533ua1 mat@;ity; | |
‘4 .The'ph@sph@rus i@quir@meﬁt‘éf léyingwpuliets has not
been '@Stabmshée@; . Branien (1938) concluded that mineral
'supplem@nts sh@ulﬁ ‘be feé ad ibitum‘due.to the disparity in
the calcmum and ph@sph@rus r@aulrements as’ r@ported by - var=
' l@us lnvestigatwrs@ ~Appr@x1ma%ely'@aaﬁ'percent t@t&lhgh©s=
‘phorus was r@qulr@d for @ptxmum pr@ductlon when . the @alcxum
content. @f the dlet was Ffixed at elther 2023 o 3960 per@entv
f(Miller and Bearseg 193Q§a
The work of Norrls et alo €193@} lndlcateé that Qg,
p@rcemt t@tal phosph@rus WES not sufflclent f@r sge pr@duc=
ti@ng but @ 75 percent was adequatea Mltche&& and MéClure
{1937} expres&ed th@ requlrement by standardizing the egg
product&@n at. 75 p@rcentg and nhosphorus availablllty at
'Oa5 percenﬁ& -Undex . ﬁh@se:conditlens~the r@qulrementmwas,
"calculate@ to . be 0@35 per@@nt tetal ph@sph@ruse S@haiblé_ ,
(l?&l} reviewed the llterature and.- concluded . that 0, g percent
.total ph@sph@rus waswr@quiredg but-t@-all@w-f@r & marginm ofy
_safetys @ §,percent was. r@c@mm@ndede«z
Esing egg sh@ll thlckness and pr@ductlon to determln@~
thé‘most.satisfact@ry 1evelsy@f eaielum.anévph©sphorus-ﬁ@r‘
 lgying’hems9 Evansuand‘ﬁarveﬁ {194k2) stéted'the t@ﬁal.phos~
phorus réquimeﬁent in terms«of“&he;éﬁogﬁt‘éf Caléiuﬁipresent

in the diets VWhen 1.5 percent calecium was present, 0.6



iz
.per©@nt t@tal-g@@sph@rus was~adequateg but“if.zéﬁ percent. 7
‘calcium was included inithe rati@nglﬂé8 percent:tetal phos=
 ;-ph@rusvwas~ré@uir@d;“~Wh@m~3;@@ p@r@ent caleiﬁmiwas‘iﬁcimé@@g 
k068 p@&cent ph@sph@rus was not. as satlsfact@ry as l 0. per@@nte
vaans ek~a1@ (19@%) conclu&ed ihat 0o .6 nercent of total phos-
ph@rus RS, n@t ad@quatge,,

sin@@ £ practlcal typ@ dlet was empl@yeﬂ by thé abﬁve

1nvest1gat@r$9 th@ phospherus content of the ratxon we:s n@t

sufflelently 1@w* @“Rourke et al. %195&)9 therefgreg formu-

lated a semapurzfieﬁ di@t c@ntalnln G 19 nercent total
phgsph@rus; This diet digd n@t support ‘*norma].“g egg - pro&actl@n
@r hat@habi1i§y;v Wh@n‘the~basal-rati@n'was'Suppi@menteé-with'
dibési@iéalciumwph@sphateg t@_é@nﬁain_@éz‘percéntrtotal]
ph@s@h@rusg-“n@fmal”»prodﬁction~and=hétehability,were.m&iné
tain@d; ‘Thié»diet.é@ptaineda@le perecent n@naphyting‘and~9;12_
‘p@rgént~phytim,anSph@rus;.;@daaurké$ét alg:(1955%1c0nc1g@e@~'
that not m§ré~than.@;@2 pé§één£'t@t&lwph@sphérué was ﬁéede@gf@r_
laying pullets‘@n.a pra@tiéai type diet; ﬁsimga@gg'pr@ﬁuctien 
'and.maintenance @f body w&zgﬁﬁ as’ eriteria fox yhasph©rus re~

qu&rem@ntsg Glllls et a19,€l953§ statsd that_;t appeared that_

the hen needed-®s5 percent available phosphorus. For maintens
ance of @ptimém-bl@@d‘ph@sph@rus-levels»and»f@rﬂthé~pf@venti@m‘
of decaleification of b@ﬁeg ﬁhe-re@airémen$ WaSQappr@ximaﬁelyf'

0o 6'per©ent‘availablefph@sph@ruse F@mper @t alo {1953} f@um@~

that hens fed a- dlet conta&nlng O QB nercent t@tal phosph@s@s

p@rfezmed as well as thas@'whﬁse di@ts‘were\fuzther‘supplem@@ted"
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with either dicaleium phesphate or with soft phosphate with -

~colloidal clay;

The Role of Phosphorus in Shell Formetion

It has éeenvkﬁéwn fér séme time that the quality of

. an eggYSﬁéll-iS6influénceé9ﬁaﬁ@nk7@ther facters;'by g (1)

. heredltyg {2} seasanal varlatlonsg and {3) nutrltleno '

&aylar and Lerner (1939) were able t@ establish thlck ana Y

thin ege sh@ll laying»strainse Tayi@r and.Martln,(l928}9

-vand Hays {1937}, concludea that heredltary lnfluences probably .

baccaunted fer ﬁhe'inability of some hens to produce thick shelled

evgs even under the m@st faverable C@ﬁdltanSe_ Hllhelm {1940}

showed that tae @ecllne ln thlcknpss of the- shell was carreu'ﬂ

lated with the rise in prevalling temperatuEQSb Thinner

T ege shells were @btain@d'éimmediately”-after éxpeéimentallyif}

'incmgasing;ﬁhe @nvironmenéal;%@mpgratﬁxe from 20 C to 32;500; 

{Warren ané S@bnepel§ 1940}; A recovery in thiékness Wés

ré§@rted after~§ubsequent~&ecrease in_temperature; ?pnrad

(;959? postulatea-that the éccurrenée @f»séft shells during

high %emperatuées migﬁt:be-due"to eithei a decreased capacity

of the blood stre@m to carry calcium, or to 2 decreased intake

‘of dietary calclums |
The mlneral elements shown t@ affect shell quality are

calcium {Evans et algg l9b§a° Norris et aleg 193Lks and Evans

et a1°919&hb)9 and manﬁanese in small amounts {Lyens, 1939§e



L the egg shella Us&ng Ga

1k
Very little inf@rmation has been- m@de avallaole conéernlng
tne role @f ph@sphorus ln ‘shell quaixty@
;anlor‘and~M@revQ1956§~5h0wed that seven to ten

dayﬁ b@féreraApﬁllé%‘bégins'té lajgfé'new system §f se¢®n;'
dary borie was lald down under the combined Lnxluen@@ @f
‘ .andr@gems and estr@w@nsg in the marr@w cava@geg of all th@

benes in: the skelet@n “An which ha@mat@n@ietic tissue was
Dresent@ This medullary b@n@ f@rﬂs 2 highly. labil@ reserve
of mlnerals which are mohilwzeu during the- caiciﬁi@ati@n of

&5-as-a tragerg J@wsey”et a1® (1956},

- showed that a laylng ‘hen- d@p@slﬁmng calc&um on - the ghell wall
@btaln ab@&t 35 percent of the- calﬁgum foxr - this shell £rom -
the food 1n‘the gutg Evans -and Carver {19@2} found- that ? 5

'p@r@emt @r “higher of @alcium pr@V@nt@d a d@@r@ase Tm emg
shell thicitness only lf the level @& ph@spn@rus was satWSm
vfactoryo | | |
‘ Tﬁ@re stili seems t@vbe‘seme questl@n as to the amountf"

'efvph@sph@rus found in the-shello Stewart {1935) stated that

lt was, weli @stabllsh@d that thete was 9973 n@rcent ?20

5
‘nh@sphorusﬁ in ‘the 88 Sh@lle R@m@ﬁ@ff and-ﬁomon@ff'(l9@9)

(0@32?

‘115t@d tbe egg Shell as centaining @e9 percent elem@ﬁtal phos= -
vph@ruse Almqulst and Burﬂest@r {193@} gave the- ph@sphorus o
@@ntent @f the shell at ar@und O 15 percent PCQ (0. 05@% ph@sg‘
iph@rusﬁe Smlth et aje @195@} f@und that th@re was appEQle&ﬁely

".o 125 per@ent ph@sgh@rus in- th@ sh@ll as - e;emental ph@sph@rasﬁ
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%lmqulst mmd Burmester (193&39 in d@scriblng & “glassy“‘
.@gg sh@ll Whl@h wauld n@rmally fall int@ the c@mmercxai thln
shell grade§~sta@@@~that-thlssabn@rmal-shell-was~slmgﬁtly*1@werg 
-inACaCOB;j-Gthgg@isénthefé was«n@‘diffekéhce in the'miﬂeral‘c@ﬁé .
p@siti@n*@f”tﬁiésshell and.a nérmal sheli;-qﬂowevgrg when the f
ph@>ph@rus valaes of ﬁlassy shells were avefé@ediané'campar@d
with those of the- n@rmal shellsg the @ercent mh@bnh@rus was"
0% 1@0 ana @el?? percentg respe@tEV@lyg
G@mm@ﬁ (1936} sh@wed that 2 n@avy excretiom of pa@$a

.ﬁh@rus WaS-. ass&clat@d wltﬂ egg layinga Eh&s did not necessariw
'-ly mean a m@blllzatvon @f b@ne man@ralse~~1t~wasgpr@bably due |
tb<thé imm@diat®~demand f@r«dietarywcalcium~in fhetfarmétibﬁ

f th@ egg ah@119 b@cause ‘be a15© showed that wh@n suffzcn@nt
i@alclam @arb0ﬁat@ was fea th@re was ne - 1ﬁcré§se‘ln.seﬁum ?héam
jph@rusé‘ It,m&ghi-als@¢betp©1nted~Qut;thatg aith@ugh CQmm®n'v‘
‘&akés‘n@fﬁénti@m"@f'iﬁg-ﬁhén a.thin'sh@ii@di@ég~ﬁas~induéédf
@xn@rlmQﬂtally by wathholdlng the calelmmg the abs&lute valuev
'@f ph@sph@rus Ln grams decre&sedg and als@ the rel&tlve vaiue 
@f pn@snhorus per @ram of shell decreaseda _“hls is iﬁ dlr@@tg

@@ntrast t@ th@ W@rk @f Buokneg @t alg (1923}9 wno p@znteé @u&"

‘that as th@ egg sh@ll b@came thinnerg the per@@nt&g@ comn@sitl@n:»

remalned @@nstanto' L@TenZ‘et aly (19 8? found that up@n lngectw

Ang hens with P32 it took one h@ur to ﬂet th@ maxzmum actlvaty o
ln the shella 5h@lls fram‘eﬂgs—lay@d-@ne h@ur after 1nge@t1@n-b
:were f@un@ t@ @@ntaln 0 15 percent @f the xngected aose® @hew-,-

shell contalned 0o 59 perc@nt @f tne ingecﬁed d@se after six



' hours. Smith et.al. (1954} showed that less than twe percent

of the injected dose of P32 yasg transfézred to the shell the

firSt twelve days, eﬁéépt"whém.iéid séonfafter‘ingéction;,‘Qne ‘;-

'ehell 1ald two hours after lngectlon cantalned twg percent of
the lnaected doseo It was po&nted eut tnat thls 1ndlcated
tha? a large part mf the shell. ph@sphorus Was deo@slted even
"after maneral d99051t1@n‘was campleteo N

| - In view of the llmited lnformatien on (a)'the ubilio
 .zat1on of phosph@rus from soft phosphate with coll@laal clay
by the hen9 and {(b) the bl@cn@ﬂlcal channes in shell composi-
tion assoc;ated w1tn~shell qual;tyQ the~stud;gs reported

“herein have been initiated.



EXPERIMENTAL PROCEDURE

Prior t@@séx&aél métgrity (29 z&eeks}; 250 8 c‘;f White
.Legh@rn pullets @f 51m11ar breedlmg9 randcmly ch@sem frem
the Uﬁlvgrsity fl@@kg wexe distrlbutea among flv@ fl@@r pens
. gf 50 pullets @&@hg fEach Jullet waS~indiviﬁaa11y iéentified'
by m@aﬁs of lew Dands and plast;c type wing. badgese?'~

Ea@h‘ﬁ@n was eaulnpeé w;th an aut@m&tac water supplv“
metdl f@ed troughsg r@@stsg and trap neqtsa StraW'waswuse@
as a smuree of flobér llttere A mlnimum of feourteen h@urs Qf
total 1lnht (morning light} pexr day was provwéed thr@@ghout
- the. duratl@n of th@ S%Udye— Maximum and-m;n§mu? t@mgerat&res
were rec@rdeé dallye |

?ullets were placem on the basal dl@t ixable 1}9
supplemented with the ph@sph@rus sgur@@s sh@wn in . Lable 29
on Becembar 59 195?9 and remalned on theae‘d§eﬁ umtll.termlna'
atl@n @f th@ experim@nt Auwusf 159 1958@ f | L

Bynafos (c@mmercial dicalcium ph@sphate) and seft
phosuhate with colloldal clay were. cn@sen f@r thlS study
b@@ause @f th@ir wide élff@rence of avallabillty of PHOS =
pheorus for cﬁlck gr@wth9 as: rep@rte& in the 11teratLre

‘.(@11115 et aigg 1948 M@tZ@k @t aleg 1956}@ Analysis of

Dynafos shows that it contains appr@ximately 22;%@,pefcent

Bryu@n P@ultry Breegxng Earm9 Pe ﬁe Box 951, Madestag
”a]zf@rmlas,: .
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Table 1

COMPOSITION OF BASAL DIET

<ing§edients- o o l,;f % -
‘Ground Yellew Corn 20400
Ground Milo . . o 35.16
Ground Wheat SR , L ‘!10;90.
Alfalfa Meal - . . 5,00
'>80ybean 041 Meal (Solvent extracted) . 175?6 .
Ilsh Meal . SO ;  ‘ ; T 2:50
Whéy . - | ) ,j i 1.25.
Weci }. A\'{""":5 B 020
caco,’ o S . 5465
 MnSQg2'_: : U o ool
Soft Phosphate with Colloidal Clay> I
| Dicaléium Eh@sphateB:' ' o - B
vitamiA‘Pfemix§~ N o 2450°

1 Ground limestones’

2 Tecmangam (70% Mnsagsg Fastman Kodals G@mpanyg__‘_

- Rochester 3, No Y@ )
3 “h@sph@rus supplement added at the exnense@f
nr@umd milo, ‘

I uumbllea tne f@ll@wznﬂ nez kba of mlxe@ dl@t’
9,900 I U, Vitamin A, 1, 5L T.C. U, Vitemin LEYE
.40 mg, Riboflavin, 27940 mge Hl&@ing 11,00
meg, D-Calcium FPantothenate, Lo mgs' Choline
uhlorldeg 913 mg, Vibamin By 129 5o ‘50 mgs Vitamin -

R E, 2:20 mg. Vitemin K, R0 mge Proca;ne Penie

¢illin, 22 20 mge Aureomycin, 1?@@85 mge Bdls
99898 mg DL=Meihlon1nee



Pable 2

LEVELS OF SUPPLEMENTAL PHOSPHORUS IN EXPERIMENTAL DIETS

Lot - Ne, of  No. of SUmjl@mentsﬁt@ Basal Diet:
Noos , Heng Males Soft ?h@syhateﬁ Dicalcium?
' ; Started - - - With Colloidal- ~Phosphate-
RS SR @gm@/kga§
6 50 I 45007 eeeee 0820 0,590
& 50 o 27450 8,30 0,860 0,590
5 s o 13575 ©C ikggo- o 04820 05590
9 50 b comee 0 21d30 . 04803 0.590
18 .. 56 s Cmdmme 0 emem= O Ggk20. . 05200

.1 uelf@s; o@ftrPhgsuhate Research Instltuﬁeg Inceg Ocolay El@rxdae ,
2 Dynafosg Int@rnatl@nal Hxn@rals and Ghemical G@rwgg ak@kxeg Illin@l@e
3. Gal@ulated a@@@rdlng L@ Titus§ He ng &1955}@ N |
b Animal and supplem@mtal ph@sph@rus WRS c@nsmder@d»t@ be. inorganlc -and lOanercent

avmllablea Approximately 30% of the phosgphorus in plant products was consndered +to be non
thtlng and was inecluded in the t@tal in@rgani@ ph@sphorus (National Research Councxl 1950}e

Y
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'"c&l@iqu»l@@Bb‘percent ph@sﬁh@iﬁ55 1;88 percenf iron53 ljlb
r,vpercent aluminﬁmg OAIZ pércen% fluoriﬁes 2 .90 percent hydropengn
.j and 52@98 percent oxygen (HarWQ@dg 1956)9 o |
| \ In tne phosphate lhdustry soft nh@spmate thh cglloi=
dal clay 15 #enerally known as waste p@nd nhospa&te lnasmuch

as it is the waste mr@duct from washlng or desllmlng nhosnhate

‘ rocke It c@ntalns finely divided phosphaﬁe tgpether with

large ameunﬁs,ofvclay and ather.lmpugmtles (Sancae1119:19513£2f ?f*“

‘Motzok st al., (1956) stated that SOft'pboséhatg;with 691161$ ?F
~dal clay C§ntained ?;élto 11.3 Qe:centlphpsphggﬁsQ lﬁewevergv'"
iﬁ tnevsiudy,reparted héréin'thersofé nhospha%e éentainé&.9”'
‘percent phosphorus@ The phos%horusg as determlned by naper :

: cnromatgvraphyg exzwueé as orthe and §yrophosphate 1n abou%
equal quanﬁxtlesg and noss;bly 2 thlrd phosphate (a tri Dh@s="
‘phateﬁsg They also stated that th@ lmpurxties in soft phasphate
f¢@nsnsted of approxxmately 19 5 yercent comnlex sllxcates and-m
',undetermlned matterg 3 9 percent alumlnumg BQJ percent lvon9v _f

“Iand 1o @ to 1 7 percent fluorlneg | ‘

, Blets Were mlyed at twa week lntervala in 360 pound

',_quankitles and st@red in cansa Soyb@an 011 meél (solvent
_‘extracted) was used as a diluent 1n premlxlng tne vatamlnSe
 mA m@nthly record Was kept on the feed conqumed by each 10tav
Twice during the course @f the experxment the diets were
“sampled for calcium (AOG A9005 195@)9 nhosmh@rus {Koenig and

Johnsang 19&2}9 and nitrowen (Klrk, 1950} analyses {Table ;);:



Table 3

COMPOSITION OF EXPERIMENTAL DIETS

Lot 7

L@t59

:L@t 6 "~ Lot 8 Lot 18
Gﬁﬁde Pr©tein {%}1 v
Calculated 17506 17,00 17,00 ¢ 17,00 . 17500
Analyzed 17:92802h 18.074.25 18,92£.60. - 19.21%,26 185634436

Crude Fatb (%)
,CruéeAEiber“§%3 :
Total Galeiun (%)
Céléﬁlateé
Aﬁalyzéﬁv
?otai,ﬁhcsthKMQ {56}
" Caloutated
Anal&zéd o

?r@ductiVQ,Enérgy‘
c}ala /Eﬁg&

iTQ/P'

1931.6

2o3L

.28

2,52

2,314.08

0.820

 007094.021

3305

2,30

I ;27

'2;5@_

20304, 12

0,820

0.71640028

19569
52,3

1947.9

2433
:@;153

2;@9

2,304.16

0,820

0.712+.028

52,1

,‘2;39

.28

2052

20314, 14

0.803

0.7508.024

>.1982;u
5340,

2.ko

Lo 29

2,48

20304011

oQ@zo

0.15114.033

1990;6

53.2

TN X 6,25

ig
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Eeed:énd ﬁat@ﬁ”weré suppliedtaa 1ibitum.

e Thefbirds-weré @ﬁdividually*weigﬂ@d to‘the‘ﬁearest-_;
gr@m at the beginning Qf;fhé[s%udyé and at thé cl@s@iof eéch
‘experimeﬁtai peri@d th@r@éfter; An aeccurate r§cord‘gf m@rgi;
_taliﬁy was kepﬁ; lﬁ@adlbimdé werertaken*t@-ﬁhe ﬁhiversity’
Pﬁthoibgy Laborat@fy for diagn@si$; Egﬂs pr@duced durlng the

st thr@e days of each experlmental month were set in a
'Jamesway lncubaﬁor; and a record @f the percent hatchablllty
and ferﬂallty was k@ﬁte

. Egﬁs were cel ected twmce dallyg and were welwhed in
_baske%se‘ Fercent production was c&iculated each m@nth9 and
'expressea onn a "hen day“ and “hen neused“ baszs; In additiongii

fwhemsfweﬁe imdividually‘trapmhast@d.thé first two daﬁs:bf sach
:weekg Eggs‘s@'éollecﬁed wér@ weighed individually to the
‘nearest tenth of a gram on a,' HMettler K25 automatic balancé};‘?’ -

These values weré used to calculate tqe average eg velghtg

and ﬁ@ determine tbe dlstrlbatlon af eggs Ainte the welght

o classes as deflnea By the UoS BOAQ,(EederaT Renlsterg 1955}@

‘Aftsr wei hlngg eggs were breken out on a glass stand
:andﬁtﬁé'qﬁali%§:gf the_albumln'and‘y@lks‘were n@t@d@],Albumin
héight’was §et@fminéd aécofgi@g taéﬁne meth@dvﬁf Kilpatrick
et ai; (1958) using an Ames $n5§??’ﬁiér©méﬁer;3“ﬁegree'bfj”

yolk mottling was scored using a 0 to 10 scale as outlined

2 Braun Corporatien; P, O, Box 1431, Phoenix, Arizona.

3 B; G;*Ames;s@ﬁyanygawaltham 5@3 Maésaéhussetts§
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by Baker et al® (195?)@ ”he bresence of bl@@d Spcts was noteé

and furth@r class;fled as . “large“ o ”smallﬁ ‘small den@tlng'j'
'_spgts that.waulé,n@rmally‘n@t be dgte@ted up@n éandling
(usﬁaliy below lfa.inch in diamet@z$; The welght of the eﬁg"
and the albumxn height were used to. calculate the Haugh Indexgwu
by means @f an Interior Quallty Calculatar* {(Haugh, 193739
In the @vent that mh@ thx@k albumin was broken9 lts:measuremégt
vwas n@t 1nc1uded in the total ealculatl@ns@ D;atfibutioﬁ @f-
,eﬁgs lnto market qualxty claSSQS @as d@ne accaféing to U@S D‘ﬁ
regcmmendati@ns (F@d@ral~ﬁeglster§ 1955)@

“‘ The shellsg (sh@ll plus membrane and cuticle, unless
otherw1$e stated) were subsequen*iy washed free of album1n9 -

- air drledg and welnhed to the nearest aundredth @f a gramo

. Bri@d:shells.callect@d f@r.@ach l@t’wemefgr@unﬂ at m@nthly

-lntervals and a reoresentatlve samnle retaln@d for analySLSe
'Thr@e to f@ur samples were taken from eacﬁ 10t9 and analysps
carrléd out in trlnilﬁat@e Nlir@ﬁ@n was.d@term$ned by the
: meth@d @f Kirk {1950}9‘and calclum and phaaph@rusg by the
5 methods of AQO B.Cs (195039 and K@enlg and Joansan (19@239
’kr@spectivelye‘ Allqu@ts uged f@r'wa and P det@rmxnatlons were
dlwestea with a’ mlxture.ox C@n@@ntrat@d nitfmcg perehl@rlc
(7 )g and waterg as outline& by Piper’ (1950)0 ) |
Burlnp the eour;e 01 the exoerlment li was found

desirable t@ senarate th@ shell membran@ fr@m tpe sn@llg in

S '&'U@S§Déﬁsbﬁgri§u1turai’Harkéting_&ervi@eg Washington,



g@rh
order to determine the relative éistribuﬁion of thélcgﬂstité .
uents b@tﬁeen'thése,partsi@f the.eggé_iﬂue to labor and time
in#@lwe@Ain separ@tingrthevméﬁbr&nes’fr@m the Wingigénic
portien of the shéliﬁg‘thié was @nly,ﬁone'@ncewdgring the
, C@@rs@ of th@,Sﬁudyéfaéjn@%@d}belﬁw;. |
:EEggg_wgreicolieéted for three c@nsecutive:éaysiduring:
th@fﬁinﬁhfexperimeﬂtalkm@nthé individually brék@n§ aﬁd‘the
sheils*treat@d*aS‘Outiined nrevi@ﬁély; .Th@.mémbrane Qas'
| r@m@ved from half of each shell by pulllmg it away from the
: sh@11 w;th the aid. af forcense Tne‘calclumg ph@spharusg and
vnltrowen camcentratlans were detérﬁimed on the meﬁbraneg MmN -
_brane free she1159 and the shell plus the membraneglusiﬁgvthé
moth@ds arevi@us?y ouullnede Due to the dlffl@ulty of ascer-
taam&ng whether the shell was completely freed fr@m ;ﬁé mem;
b@aneg,the analytic@l\results;ﬁereAexpressed in relative térmsg‘
ié@gé peré@n§;  | | | |
| ln’view'éf‘the‘resu;ts‘@btaigéd_by_the chemical analy;’
':SLS of p@oled samnles of ezz: shells, 1t was found desxrable to
~,analyze 1ndlv1dma1 shells forAth@lr calclum9 ph@sghoruss und
nltrogen cententg Eggs were collected durlng the n;mth
v@xnerimental ﬁonthg'énd;indiyidually ére@areé‘for analysis és;.'
nrevaously qescrlbed; | |
Up@n termination of the exneriment; ten hens cbosen
at random’ from each.lot were sacrlflced9 and the 1eft tlalas
removedif@r ésh'determinationé-accérding.tﬁngqu;Gs €195Q);

using Skellysolve B as the solvent. .The ash of at lesst three
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bones from each.’lo’t‘ were analyzed for ca_@cium and phosphorus
by methmds_ oultli.ned a.bo,ve;y

. The data was énalyzéd by an analysis of variance, and
the diffefeﬁces‘ tested by the Buncan Multiple Range Test

(Biometrics 1131-h2, 1955).



CHAPTER I 'RESULTS AND DISCUSSION: THE EFFECTS OF
- PHOSPHORUS SUPFLEMENTS ON THE RATE OF EGG
' PRODUCTION AND THE INTERNAL QUALITY GF
" EGGS OF S. €, WHITE LEGHCRN PULLETS
Ezg Froﬂuction
Total averawe egg nr@ductlan for each 1ot for the
entlre experlmental perlod is summarlzed in Table Ue ﬁlth
the excentlon of pot 8, the relamlve levels of eﬂg pr@ductlon
as calculated on a “hen heused” (H, H.D.} basis were similar
‘ft@ those expressed on a "hen day® {H.B.) baSlSs The 1@wer

1values assoczated thh the 10rmer are’ due “to tae level“ef

mortalmty which 1nf1uences ‘its calculatlono» Hen housed days

. were . calculated on. the ‘basis @f the n&mb@r of - hens @rlginm> '

ally started, tlmes tmeﬁnumber of days’in the experimental
‘periodg wh&reas hen daystere célcul&téd on theibasis-of'ﬁhe o
number ef rema&nlnﬂ birdsvafter;ﬁ§rta;it§rw&éac@nsideéedg
ftimes @he'number”@f daYs in éniexperimenta1~peéiqd (?&bie'b};
Since thé'mortéliéy cbgié"not Eé-atﬁribﬁted directly o the
'nh@sph@rus treatments {Table 9§9 bhe values calculated on a
;”hen day¥® basis were. used for statlstlcal analysms {Table @a}e
%hen expressed on a *hen day“ basjss no san&flcant
1'dmfferences (P§> 05) were @b%@rved amawv the @h@sphorus
supplemented 10%59 Howeverg hens in Lot 18, rece1v1np no
-‘sunnlementa? Dn@sphorusg sh@wed a sxnnificanf ln¢ieaée;‘
(P<; 01) in egg productlan over th@se zed tne pb@spﬂorus

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 Supplements to Average Total Egg Production
No. Basal Diet
(gm./kg.)
Soft Dical. Feed Conversion
Phos ¢ Phos. H.H.D.1 H.D.2 lbs/doz gm/gm
Eggs  Eggs
6 54.00 54.49 59.19 4.98 3.15
7 13*75 14.80 g 2 62.36 4.79 2.98
8 27.50 8.30 56.86 63.43 4.74 B.co
) 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 ia.

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

Source of Variation d £ 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.0O1)
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supplemenﬁed diets (Lois’é; 79[8.ahd 9}; ‘The-thsph@§us |
supplemented léts,haé'a tota1 ph@sphgr&s content of 0;?22
-&O;Qlf~ner99nﬁ'&he§eas'fhe nonmsﬁpplemente& lot had éftotal
nhgsphorus cantent of G @11 +0 - 033 percent (Table 3};

The requlrement fgr total nhoswh@rus by the hen in
the bresence of approxxmately 293 OercenL calﬁlumg was snown
to be 0.6 to" 0 8 percemt of the total dlet (Mlllef and
Bearseg 193@@ Nerris et alog 193@9 Evans and Carver, 19#2“*
and’ Gjmlls et alag 195;)9"Tnese wwrkexs used'a-practlcal
type dlet‘cgmposeé~of gr@un& grains anﬁ a vege- aol& and aﬁ
‘&ﬂimai-soutc@>@f p?otein5.éuPplemented,Wifh the recammended
Tevels of vitamiﬁé'and minerals. ' When a diet of similar
cgmp@sitién»(TabIW-l) aé,that fed.by'thé‘wavkérs cited'
'previ@usl§g c@ns&s%&ng of 0 7?2 %0 01? ercent tota] ph@sm
'nnorus and 2 30 nerc@nt calclum (Tasle 3}9 was. fed to hens 
vln thws btudyg a marked demressvon in egg productlon was.
observed (Lors 6 ?9 8 and 9, Table @)e

Results,repmrted here cclncmde with those of 1ater
VWdrkers {(Pepper §§%g1Q3119589 and 0'Rourke et al., 1955),
, who'ﬁer@“umab1§ to improve egg production by supplementing\
diéts.ﬁf layiﬁg 6u11§£59‘élreadyvcontéining'eiﬁhef 0233 or
O &) percent total nhosnhorusg w1th inorganiec sources of
this el@men&a Pe@per et'alew(1958) observed wo chanwe in
the rate'qf‘epg yﬁoductieh whem hens were fed a"basal'dlet
: é§ntainin' 0 30 percenm t@tal nhosphorus that was supplement«“

ed thh elther dlcalclum or soft phosphate to supnlv 0, 05 to
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R 0;1 percent.additi@nal ?hosph@rms;,.This c@ulﬂ belePlaiﬁed
(by the fact that t he paosnh@rvs content of the diet used by
the abave erkers did not exceed 0.483 percents .H@weverg
O'Rourke et‘algr€1955} notéd a.deéreae@ in égb production
‘when an-“all veﬂetable proteln” bas&l diet centamnlnw Qe &3
percent tataﬁ mh@sphgrus was supplemented Wlth 1norgan;c
phosphorus to éontainvmore than-oeé percent total.phosphoruse,
‘;Thé‘twa'prVi@ﬁs’expériments_uﬁilizéd 211 Vegétaﬁlé gfoﬁeinﬁf
diets;.WQefeas’the diéiﬁ ﬁsed inEthis étudv {Table 1) cohtaiém‘
1 @@ ?¢5 Uercent flsh meal9 wna@ﬁ was a readllv avallable source
of inorganlc phabphoruse | |
Addltlonal exnlanati@n for the better nerformance
of fne laylng hens on the 1ower than recommended level of
-3hosph@rus in- tnls stuay9 and also in the StLdleS of preva 7

ious warke?sg ‘was offere by Glllls et ala (195339 who

lndlcated that the laying hen’ nossxbly had greater ability
,t@ utlllze.phytmn ph@sphorus ;han thejy@mng'chickg.,ihls.
- may explain the existing‘discrepancies regéréing the‘ph059
phoraé'rqui&ements‘gfvthe a&mlt'chi@keng |

ftln vi@w?@f~thézhigh”1eve1‘ofgegg‘pr@éucti@n @Esef#ed,
among thé‘hens‘inith@ non-supplemented group (Lot 18}§ it
ié.@%i@gnt.that-the b@sa&~di@t‘us@d.in«this‘stﬁdy'@bétaining ;”
0.L1 bercpnt.total'mhospﬁ@rus; was not suitable for measuriné:
th@ relatlve avamlablllty of the various. phosohorus suﬁplem

ments for egg productlone
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Egg producti@h'for“wintér and summexr neriéds are
 summarized in Tablelﬁéf,nnalysxs of varlance {Aanle Qa}
1ndmcateé that the season had a sxﬁnixlcant effect (P<’ 01)
i@n the rate ox egﬁ pr@ductlon din all l@b59, Treatment times
season 1nteract1@n§ howeverg was found not %o be‘51gnlflcanb
“(?>>005)9 indicating that the d&fference; observed am@ng
 treatm@nt.gr@upsuwer@ c©h51s$ent fr@m-season t@ seasone
| The lot’sunnlemented with only sef& phssnhate (@5
' gme/kge9~L0t 6) haﬂ g siﬁnlflcantly lewer (P 01) rate @f
:egg roductlon dur$n~ the winter period than d;é any of the
-other 10ts testedbvkﬁoweverg the lot rece&vxng no supnlementa
al ‘phosphorus {Lot 18) had a sign f' cantly higher- (P(’ 01)
rate of eg g production than Qld any..of tne supplemented 1@tsa
v'.Averag@;ego r@ductlon decﬂlned sharply in all 1ots
during the summer montnse .lhe‘adverse efyect of‘nlghAtempmb
’eraﬁﬁréSaohwthe‘raté‘ofzeggfprodﬁeti@nahas beeﬁ shown“by |
1lbe1m (1QM0)9 and Conrad (193939 hlth the exceptlcn of
E@t 6, the relatlve delene was wreater among. tne supnlem
mented lats (16 2 to 22, 2%}9 than in the negatlve control
§12¢7ﬁ)@. Lot 6 showed the léast relative decllne (9 33p)
between seasons. This was due to the low rate of production
in %his lot dmrinéﬁthe winfé;'months; Alth@ugﬁ‘during the .
‘:%inter' months Lbt 6 had V:;a | sipmmanm tower (P& ;‘61}’ rate
of egﬂ pr@ductlon than any of the other lots tesiedg tnere
bwas no Slﬁnllicamt dliference betwe@n this lot ‘and the @tmer

suppiemeﬁ&ed 1ots durlng;the summer monthsm 1he lot.recelving



Table 5

EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE EGG PRODUCTION

Lot
No.

9

18

OF S. C. WHITE LEGHORN PULLETS DURING THE

WINTER AND SUMMER PERIODS

Supplements to
Basal Diet

......... (gm. /leg. )
Soft Dical.
, Phpgit Phos °
45.00
13.75 14.80
27.50 8.30

21.30

1 December through March

2 April through August 15

Average Egg Production

Winterl

1%)

62.50a3

68.09b
69.09%
68.33b

73.73c

Summer*

(&)
55.88a3

56.63a
55.77a
53.15a

64.40b

32

3 Means with different subscripts are significantly different.
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no sappiemental Qh@sph@rus (Lot 18) had a’significantly
high@r (P<. ,01) rate of eégiﬁfeduc%ion'during'%he sumﬁer‘
months than-anﬁﬁaf tﬁQASQppiemeété& lots; |

The‘chanﬂ@s in thérm@nthly rate‘@f“eﬂg ﬂroduétion in -
rélatleﬁ to mean maximum and. minamum.laylnw ﬁ@ase temperamj
tgre are>shown 1n Eiwu?e lo Slnce maXLmum envxronwental.

: temperatures began ta*rise sharply during the mqnth of
April, this month was chosen as the beginning of the
“summér“ séas®n i@ablé 6};;‘ ‘ :

'Thevdiffefence-bétween meéh_mbnthly mé#imum and:'
 miﬁimum~témperaturés varied fr®m~lﬁ;2Atg 31;?95 during the
course of stﬁdy? wﬁile thé avérage variation béiween winter
'aﬁd_éumm@f'seasah was 26;5 and 2@;9°F9 respectively;>.ihe
’summer season, h@wéveré showed the,gféategt differénbe”
betweenvmean-monthlyumaximum and.minimum t@mberétures within
‘the seasonic These differences ramged fmom 18,2 t@ 31 ?°I
f@r the summer seascng whlle the dlfferences ranged frgm 23
‘to 31-? E~f@r the w&nter S@&S@Hb‘ The hlghest average maxxw
:mum temperatnres dur ing the course of study were reached in
the month of June (102 2®E)e‘

Bge proguctlon of all the sunple@ented lots decllned
ldarlmﬂ the Tirst tbree months @f the study (Be@ember through -
E‘ebruary}§ and then remalned r@latlvely constant until the
month of June9 whereas for the same perloc9 eﬁgAproduction
for the 1@t recewVAng n@ sﬁnplemental phesphorus (Lot i8)

remained relatlvely consﬁamtm(Flgure 1)91 Durmmg thewmomth
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V 3’5' o
Ta’blé é -

. SUMMARY OF AVERAGE MONTHLY .
TEMPERATURES

Peried Ending Meximuml! . Minimum?

1z2/31/57 ¢ ?é;o 3940
i31/58 - 663 39.1
2/28/58 k"v-f",«vylgg O B6.5
3fsi/ss o by
'*4/30/58{ | . ?9;9 5205
s/31/58 . 953 691

-f.j6/3¢/38k‘; © 0 lozez o 7005

cplsi/ss 9siz 771
Se/is/ss L obih . o 76.2

"1 Recorded after 4300 p.m.

.2 Recorded before 8300 a.m.
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of June§4egg,produeti@n-de@linéd,sharplyAin all lots and

cenﬁiﬁued to decrease until the Termination of the studys

Feed Conversion

Feed cgﬁveralon Wh@n exnresse@ on- a ”lb /d@ze.e@vs“
basisg saralleied the levei ‘of evg pr@ductlon (Table 433
. Feed conversion is uguw&ly repozted i these term% (Maelntyre
and Jenkenss 19559 and Heywang9‘195§)e It was n@ted that if
,smaii differeﬁ@es are considered, feéd_cgnvgrs;@§ when
egpréssedwﬂh F “;m;/ﬂma éggé“ béSng is-nnt & ‘fected by the
_rat@ Qf,ewg wr@ductl@n as strxkangly as when it is expressed
in the.f@rm of ”1be/d@ze e#ﬂs“ H@weverg the lot receiving
;n@ supplemental nhosph@rus %L@t 18) had b@tter f@ed canverafl
sion when expre%sed on elthev a "1b, /doze‘eggs“ or “gme/ﬁmo

g s“ basasgi

Body_Maintenance

Changes in b@dy wemgnts are summar&&ed in Table ?o

: Aﬂl lots sh@wed & de@lxn@ inc b@dy weight when c@mpared with

the~av@rage lnitlalzwelghtf@f the blrda Decline in body -

weightinS'g&i@@nti@mringxﬁeth the;winter‘aﬁd stmer’peri@@s;
Létsvsu§ulemented.withvthe higher levels of dicaléi&m phos-
phate wWere able to mainta&n & more: statm@nary welght (Lot ?
and 9} s than the lots rece;vang hvgher levels of soft ph@s=
l,phaye {h@t 6/&@@\3)®  Th@ lot regeiving n@.suppl@mentalf‘

'ph@sphé&@sv(L@t‘18§.haé the greatest weight loss.



- Table 7

EFFECT OF PHOSPHORUS SUPPLEMENTS ON
AVERAGE BODY WEIGHTS

Lot Supplements = Initial W¥inter _ Summer %ﬁ-’@ightl
No. to. Blet Welight Weight Weight Loss
&M‘ S @gme')). (a’%ﬁxo) . ({‘gm@ﬁ (gma )-
Soft, = Dical - . , o )
Phos, Phos's -
6 15 500 coem= 215 2053 . 1946 180
7 13.75 1,80 2137 210l 2074 75
8- 27 .50 8430 - 2067 203k 1954 170
9 oo : 21,30 2089 2070 2011 b6
18 - comme 2120 2071 1949 26l

1 Initial weight minus final weight
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- @illis et _al. (l958)'feﬁ@rted nat wﬁen the diets of

1ay1nn ‘hens . contalneé less bban G . 5. percent avallab]e phos~
phorus9 body welght and egg.productionﬁdeclined-sharplya

j ”h@ authors canclud@é that at least 0 5 percent avallable
Unosnhﬁrus was requlred for Body welgnt malntenancee In.

the 5tudg regortea herey the hens reeelv1ng_no supplemééfal’
phosuhoxus showed the greatest loss in weibht {Lot iés Table 7Ye
Neverohelessg under the conditions of this study, waintaining
body weioht apparently was - nottﬁecessary for maxamum-egg.pfof
ductiong slnce Lot 18giwuloh received no sﬁppleméntal_
?hosphérdsg haéfthe*highesﬁlléfelﬂaf egg-prédﬁgfiong énévaiso -

V

- the greatest loss in weight.

Fertility and Habtchability

rﬁeﬁcehf fertilitylaﬁd hatchabilitj aré‘sﬁm@arized in
Table 8; Tdtal‘hatchability has_been'knovn to Dbe infiuenced
by a number of factoz$5,incluéiﬁg‘thevfertility,of thé éggs;
'In Lot 18 (Table 8}, the fertility,reﬁainéd iow'until the
‘flfta exoer&m@ntal m@nthe‘ ?his ﬁﬁs-probably d&é-to”the deétn;
of two males cmm;‘:x.ntT the month of h@bruary oecause9 following
bithe replacement of tne males {May 135 19583 the fertility in
this lot lncreased “to that of tbe cher 1otsa In view of . |
the fagx»thatfste~pf3the male§~;g,hqts 7, 8, 9, and 18y
‘died, the bercentihaﬁéhabilify of féﬁtile-eggsg rather than
-t at of total ‘eg gs'Seﬁg waé,GOnsidéréd forvstatistical analy-

'5155 No szvnxflcant dlffer@nces (EQ; 05} were observed



EFFECT OF PHOSPHORUS SUPPLEMENTS ON FERTILITY1l, HATCHABILITY, AND

Table 8

PHOSPHORUS CONTENT OF THE YOLK OF S. C. WHITE LEGHORN PULLETS

Lot Number of Fertility
No. Eggs Set
H
§q,,.88
S I A
2 @& 8 gs 33!

6 101 233 334 84.15 83.26
72 117 244 361 69.22 71.31

8 115 253 368 88.69 91.69
93 116 226 342 68.10 77.8?

IQ¥ 132 268 400 68.93 66.04

1 Fourmales placed in each pen on Feb.

A

83.53
70.63
90.76
74.56

67.00

Hatchability of
Fertile Eggs

&

P

gé&
90.58

95.06

93.13
91.13
80.21

&

S
as'!
82.98
85.05

89.22
83.52

88.70

5> 1958.

2 Male died May 9> 1958 — not replaced.

3 Male died Apr. 3» 1958 —

4 Male died Feb. 2, and March 12,

not replaced.

1958 —

5 Ten eggs taken from each lot for analysis.

6 All averages are weighed.

notreplaced.

a

(ss!

83.87
88.23

90.71
85.88
85.82

Total

Hatchability

g
"
w
76.23
65.31
82.60
62.06

55.30

69.09
60.65
81.81

65.04

58.58

H

Foc

Hw

70.95
62.32
82.33
64.03

57.50

Phosphorus
Content of

YolkS

(%)

0.569+.
0.577+.

0.585+.
0.575+.

0.584+.

Four males added May 13,

020
004

007
010

006

1958.

VO



Table 8a

ANALYSIS' OF VARIANCE ON THE EFFECTS OF PHOSPHORUS
SUPPLEMENTS ON THE HATCHABILITY OF FERTILE EGGS

Source of Variation

af MSe
Season 1 57;92
Period in Season 6 36036
Treatment Ly 72039
Treatment x Season . L 18,09
Treatment x Heriod in Season 2l

153461
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between treatments in any of the lé%s'(Table\Sa}a’ The
_-performance of tha negatlve control is in agreement wath
the work.of O'Rourke et‘al? {1954}, wha stated that-OsS
pe%cent total pﬁgsﬁhgrus.wésﬂéufficienf ta'maintain."hofmalﬂy
.hafﬁhabljltYO | .
| | ”he similarity in the hatchablllty ef ferblle egﬁs
between the suppiemented andvnon=supplemen¢ed 10&5 can be
':further exélaiheé.on'théfﬁasié of,thé'dist§ibuti5h of
bh@sphorus-in~§he yélk; ‘The nl hérus content of’the yolk
Was . determlned éﬁcardlng to tae method of " Koenlg and Johnson'
_(l9@2)9- Thﬁ:concentratlonAof.th;s element was lound'to range
frém iOO+5;§ 50 105&3;2Mmgg per yolk; iegaEd1ess of éietéry‘
.treatmente ”hls level is sxmzlar to that observed by Romonoff
and Rom@n@lf (19#9}& The PQOQDhOTuS content of the shell asf 

shown by analysls ranﬁed from 4 7< mgo ‘ta 5 &1 mg Informam.
.txon CORC@TRLH# the transfer of phosnhorus from the shell to‘
the.gmbryo is not.avaxlablea Slnce ancroxxmatelv 90 to.95
 be§céﬁt ph@SDhorﬁé of tbe'écg was feund in: the yalkg it ﬁight
be assumea that the yolk is the ch ef source of thls'element

: fnr»the embryonlo develcnmentg Slnce the. ﬂhcsna@rus écnceh;'fi
tratlon of the y@lks were sxmllarg all 1ots contained suffla‘

' c&ent phosph@rus for normal hatchabllltyo

Mortality -

!

The highest mortality (26%) for;ﬁhe'total_éxper;menﬁal

period was recorded in:the lot receiving all dicalcium phosvhate



ba .

(Lat:9; Tabie.9};"The lgt remeivinw no. supplémental ahosm.
phmrus (w@t 18) had the lowest m@rtallty rate (160)@ :

| Lot 9 had- the 1owest rate of mortallty dur&ng the
w&nter months (2@}9 but increased sharply dur;ng the summer
"m@nths (2& §¢ Wit the exceptlan of Lots 8 ana 10 there was
a sllmht ln@rease i mortallty durlng the summexr montasg
meSL mortem dlagnobls of blrds at the Unxversmty Path@logy
Laboratory9 as evzéenoed,from the causes summarized in f‘
'Table 99 revealed hat no deaths nauld be atirmbuted t@ the
,dletary treatments@ Howeverg the lot recelvxng-all dical-
cdum phosnhate (Lot 9} appear@djt@.have,lesé,rééistan@e;

during. the 5ummer months. .
Ege Weisht

. The 1argesg e@gs for the entlre experlmental perl@dl
: wérehnroduced by birds in L@ts 7 ‘and 9 {Table LO}Q- Taese
lots were sumglemented Wlbh the hlwher levels of dlcalclum
. nhosnhates 1@$80 and. 21 30 gm,/kga9 respectlvelva .They
pr@duced Significantly_heavier eges (B<'901) than'%hoée in
the'ﬁepativeicbntﬁ@lfith 18}9 éﬁd:tﬁ@éetreéeiviﬁthﬁe higher 
levels of soft ph@sphame g&ets [ and 8). Hens in the létter
two lots: recelved %5 and 2? 6 nm@/kwa of soft phosphates-
respectlvelvo ' '

| Inlormwtloﬁ c@noernlng the @ffec of phéSPhérus on ;i~

the egg welght is very ilmltede'.Evans,et al. {1943) were




Table 9

CAUSES AND DISTRIBUTION OF MORTALITY

Summary of

Lot
No.

Mortality

Post-Mortem Diagnosis

IeacxT

< mu.A
20 @ B

I's
200§

L.300
WOT FHOORTO,

O=8R000 WO

St 04N ©
|0“.ag» <
r=oaboT

g#=Rooo
OHCObA o

8T4Tag R

0 U

5

vI304 v
1°5asx

e 0

0o OO £

40T A °
VYo
0oTSo¢A 3
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LFFECT OF PHOSPHORUS SUPPLEMENTS @N THE EGG-WEIGHTS,
OF 8, C@ WHITE LEGHORN PWLLETS
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bs
énabie“t@ sh@w aﬁy diffefenceS'in‘egg Weipht~by féedinb
layving hens gxaded levels of. b@n@ meal ‘and deflu@rinated
pnosphate@, It has been reC@anzed for some time that here-
dity may lnfluencb egg welwﬁt (Far swertﬁ and Nordskoy'
'19553 and chksg 1958)@. Othev fact@rs wﬁlcn may lanUence
gn weaght are the age of the blrdg th@‘seasQnai_temperaa‘
tur99 and: varlous nutrltlonal fact@rse (goﬁeﬁerg there is
. still some questlmn_asjt@:the.effegt»@f the lat tex,
‘gTheimean'average éég”&eigﬁés for winter and sumﬁer
éeaégns»éré'$ummarfyed in'Table.log -The lots recelv1ng the
‘higher level of dmca101um nh@sphat@ {Lots 7 and 9} had
lnnlflcantly heavier (Pé;egl) esgs dgr;ng the winter m@nths;"
n an -the other 1@ts testede | o | .
| The_eg we&vhts during the summer season followed
"the same'pattern as-for the winter SQaSOne 'Hens in the lots’
recelv1ﬁp the hldher levels 01 dlcalCLQm ph@sphate contznued
‘to pr@ﬁuce siﬁnﬂflcantly heavi@r (E@; 01} egﬂs during the
-summer seas@n th&n the other lots teste&a
,Aﬁalysi$,of'vaﬁi&ﬁcgaéthQé %hatTthéiseéSOM‘hadian
effect‘éhithe:weight;ef the egg; 'Howevefg_it shéuld be pointm‘
‘ré& 6ut‘that“theuseas©n is'affected]by»thévége 6f‘the bird and‘i
the @nv;ronmental temperaturee' | |
There was ‘a amall 1ncrease 1ﬁ egg welght durlng the
‘summer season when the-average-welghtfbr;the,entlre_gummer
‘éeripd.wés-@énsidefed;'_1$,was reported bﬁ-R@géﬁbarg and

';Tahaka_{195i) that normal environmental temperatures (80°F)
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did not affsct ess weisht, Heywmp (1956} indicated that the
ihigh envxr@nm@ntal temneratures &av@ maxe "101° F) in Arizanag
caused a reduct;@nvln egg welght@~ Froning and Funk (1958}
'alse reperﬁ@d bhat @wg welght decélned durlng the summer
manth$ when - the maylmum monthlv temneratL?es were appxgx1=
J.mately QOQFQT Hust@n €1958},$ep0rted that_egg'welghﬁ~was
not'afféc%éﬁ by ﬁnnrm&l“,ehvironmental-teﬁpe#aturesg but
'7l.decrea39d SZighEiy‘whéﬁfﬁhé h@nsAwere s&bjgcted to a constanf
90°F  temperature. Since‘thé data of the abovsiinvestigatérs
'ﬁas'presented @nva monthY‘Easis it was assumed that the |
differences between seasons could not be adequately demon=
ctrat@d by wrouping m@nbhly egg welnnfs into a wantez and.
summer’seasan aSﬂ@one here. HOWQVQrg when theAaverage egg
weight was compared oﬁﬂa moﬂtﬁly basié (fable-ll} it'can R
“be seenﬁthat”th@re was: definitelyVHQAdeéline,in eggjweign$
 éschiated<with high environmental temperatures; There is
preSénﬁlywnévexplanation:for the fact that the eggi%eight.
. in_this experiment'iﬁcreased.élightly during ﬁhe'summer
months;'v | | | |

| 'ﬁnen the eggs were placed into the Ue»sDeAa weight
qutrlbutl@n market classe& (Table lzﬁg L@ts recexv1ng the
hidher.levels of dicaleium-phnsphate (Lots 7 and 9} sh@we@
a significant increase (L, 01) ln the percent of extra
'large‘@ﬂgsa: These 1@t$ also,progmced~31 nlf%cantly heav1@r

(P<; ,01) ebgs ' than the other lots teqted@ The lot recelv1ng

o all saxt phosphate sh@wed B Rlﬂnlflc“nb increase (F<; Ol} in

uhe percent of 1arge egpsﬁk ‘There was no ‘51gn1flcant



-EELAEI@N$HI? OF AVERAGE MONTHLY EGGVEEIQHTS IN
TG THE MAXIMUM AND MINIMUM TEMEERATURES

. Table 11

GRAMS

%

Period

Max,

Lot

Min., Lot Lot Lot Lot
Ending - Temp. Tempo ﬂﬁ‘ 7 (5] -9 18
Jans 31 6623 39.1 59,63 60,28 59,39 60,00 59,48
Febs 28 715 b6.5  59.93 60,67  59.6h 6038 59,62
Mar. 31 70.b BPLh 61,02 61,08 60,88 61,27 60,46
Apry 30 79.9 52,5  6l.ob  61y8h 59,72  61.h9  60.lb
May 31 9503 6901 60.b3 61,15 58,7k 60.82  59.85
June 3@ 102,2 7055 59,95 61,08 59,46 5L.52 60530
CJuly 31 98,2  77.1 60,07 61,10 59,75  60.8% 60,09
Augs 15 ol 76,2 61,12 60.18 60,50  6l.56 61,60




Table 12

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

Lot Extra Large Large Medium Small
No*
Winter Summer Total Winter Summer Total Winter Summer Total Winter Suramer Total
66) (%) (%) (> (%) (%) <> (%) (%) (%) (%)
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 .91
9 29.76 31.26 30,71** 50.10 56.56 54.13 19.36 11.78 14.62 0.86 0.36 (.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)-¢



Table 1l2a

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

Source of Variation

Season

Period in Season
Treatment
Treatment x Season

Treatment x Period in Season

** (P<.01)

Percent
Extra Large
df M.S.

1 111.19

6 73.50

4 120.66**

4 16.05
24 12.40

Percent
Large
df M.S.
1 20.38
6 15.84
4 114 .58**
4 81.45
24 7.23

Percent
Medium
df M.S.
1 42 .74
6 38.72
4 23.96
4 22 .31
24 26.81
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dlfference {333 ,05) in the medlum welght élass in any of the .

: treatmentSQ' Thls lnﬁlfates that the Qreateqt wel ht change
between. lots apnear@d bebween the large and @xira large

welght clasgeso

Albumin Heisht and Haugwh Index

The aﬁbumln heWghts of eggs for the total perlod in
tme lots’ recexv1nﬁ che hlﬂher levels @f soxt ph@sybate (L@ts."
6 and-&) and'th@'lgtire@elv1ng no'supplemental-ph@sphorﬁé
(Lot 18) ;wém found to be _,signifibéntly highér (P<.0l) than

those in the lots receiving the higher levels of dicalcium

e pho'spbat@"&l;ots 7 and 9, Table. 13)o Lot 9 had a signifi-

,' cant1y higher (pe, Oly albumln helght than Let 2. The
perfcrmance @f L@t 7 cannot be explalned on the bésls of
dietary treatmemtef Evaéently‘s@me factor other than the
ones wmeasured in thms %ihdy affected the,h@;ght of - the..
~albumin in this T@te |
”hé lats recelving no dléa?clum nbesphate produced
eggs wxmh slpnlflcant hlﬂhet é?é; 01} aloumln helghts durxng-;
:th@ W1nter season ihan the ot e x 10ts teqbedg o
There was a 511?h$ decreaSe (0 02 to O 27 mme) in
‘the height of the albumin durzng the summer perioed in all
lotse_ No *nfoxmatlom 1s avallable concernlng the effect

of sunnlemental phospherus on album&n nelghpe Hﬁweverg

Fronlnn amd'Eunk~§1958).renorted thatﬁthe‘albumin!was higner; ,

durlﬂg certain seasens @f the years but dld not necassar 1y



Table 13

EFFECT OF PHOSPHORUS SUPPLEMENTS ON
ALBUMIN HEIGHT AND HAUGH INDEX

Lot Supplements to Average Egg Weight Average Albumin Height Average Haugh Index
No* Basal Diet
(gm./kg.)
Soft Dical. Winter Summer Total Winter Summer Total Winter Summer Total
Phos* Phos . (em.) (em. 1 (gm. ) (mm. ) (mm. ) (mm. )
*%
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 60.88 5.94 5.76 5.83 74.99 73.36 73.96
* %
8 27.50 8.30 59.99 59.51 59.72 6.13 6.11 6.12 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
kK *k
18 _— 60.02 60.23 60.17 6.35 6.08 6.15 77.81 76.99 77.29

** (PC.01)



Table 13a

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

Source of Variation

Season

Period in Season
Treatment

Treatment & Season
Treatment and Period

in Season

** (P< .01)

Albumin Height

df

M.S.

0.120

0.077

0.160**

0.022

0.009

Haugh Index

df M.S.
1 6.99
6 5.24
4 13.86%*
4 0.97
24 0.89

52
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parall ,1 that @f temperatvr@e
- The: helent of th@ albumln was susgeated as a measure.
of the internal qualﬁtj @f an egg by Wilgus and Van Uagenem
Q1936} : Albumln height as a measure of lnternal quallty had ;
only limited usefuln@ss@ sinece a change in albumin height
from 10-t@v9~mme representedvanuuﬁimp@rtant éifferencé in,tﬁé”
guality of théaeggg whereas a change from 3 to 2 — réprem
sented a neti&eable guéiity,@hang;; Haugh (193?@} showed
that a QG gram>egg'with'an alﬁumin height of b - h;a;a
bettefkinternal'quaiity:thanvé 60 gram egg with thé‘séme
albumin.heiﬁht; haubh (1937b) further dexlved formulas
uhat changed albumln nelpnt to. interior quallty unlts {Haugh
Uzn\‘:‘i,,*s:,s,)-s wh@se-numeri@al ‘value represented the “true“ internal‘
quality @f Ehg egg;' These formulas c@mpensated for the. Welght
\‘df»thé eggglthat-isg if the weight r@maimed c@nstant.the
'lnternal guality varleé as a lo«arlthmlc fnnctm@n ©f the
albumln hevghﬁ@ |
The Haugh Uhlts for th@ total §@rlods are summarlzed
in Table 13e The lots recelvinw n@ dlcalclum nhosnhate (Lots
6 and 18; had f. ;flcantlyAhlgher {(P<CH01) haugh ¢nqez
than the @taer lots tésted;. This would indicate tha%§ possi-
b1y5 dlcalc&um nhosphate has the mndesxrable gua llty of lewermf‘
ing . the album1n heighte |
Analysms of variance lndxeated uhat‘tbé season ﬁad'é‘
sanlfmcant @ffect (P<: O¢} ‘on tﬁe Hauga Units. Hawevér%‘

treatment»wseaSGn 1nteractlon was f@und not to be‘signifigant'
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(P >.05) imdiéating that. the. obger%%ed aifferences Dbetween
‘grouns were cens;sment from season to Season iTaale lga)e'
‘The Haugh: Units durlnﬁ the wxnter m@ntns wexre Slgn1flcant1v
higher (P<;@Ol)'in«L@ts 6 and 18 than in the other lots
%ésté&gﬂ Tﬂe differéﬁcembétween‘Winter and summef seaséns
,fwas small and was found n@t to be 51gniflswnte ﬂhen the:
A Eaugh Unlis were compared oﬁ & monuhly basis (TabLe 1&)

g ¢ 1o) d@flnmte patﬁern could beestabllshed assocmabin - a change
in the ‘Haugh Unlts with environmental temperaturee Lhese
_,resgl%s are ln_agreement with Eroning-and Funk &1958)9fwh0
were unable to establish any:définite reiaﬁionshipvbétweeh
‘the.Haudh“Unifsaand~ma$;ﬁum2envir0nmeﬁtalrtémpéfatufes;’»

»vThe effect @f supplemenéal pho phorus on the Hau@h Unlts
‘has n@t been studl@d prev1@uslye- Neverthelessg Jt should -
-agaln be U@inted out that tne Dasal diet in thls study |
contained a level of phos na@rus t@é hl gt to evaluate the
effect of supnlem@ntal pnosph@rus on 11bumln helmht and.
Hau&h Unmtsg swnce Lot 1b, recexvanﬁ ne sunplemental phos-
‘ phorusa,pr@du¢ed results.equal to thgse in the supplemenyed
groups. o |

| Usiﬁg_thevﬁﬁugh Uﬁitsg the_eggs were piécéd in tﬁe
: Uéﬁgﬂéﬁg'ﬁarket @lassés (Table 155; Lot 7, thchAhéé'the'
»_1owest Haugh Un1t5§ alsoc had significantly (FL, . 01) fewer
 '&A eges than the other 1ots testeda H@wever,‘w1th the

exceptlan;of Lot‘79 there was no s;wanloant difference

{P>y;05}'ﬁetwéen'any of the market glasseso As stated



RELATIONSHIP OF HAUGH UNITS TG .

‘Tabls 1h

ENVIRONMENTAL TEMPERATURES
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Table 15

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

Lot Phos. Supplement Average Percent Average Percent Average Percent
No. Added, to "AA" "A" "B" and ,C*
Basal Diet
(gm./kg,)
Soft Dical. Winter Summer Total Winter Summer Total ¥ inter SummerTotal
Phos. Phos.
6 45.00 51.6 40.8 44.9 48.0 57.0 53.7 0.3 2.0 1.4
* % *%
7 13,75 =X 80 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)



Table 15a

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

Source of Variation

Season

Period in Season
Treatment
Treatment x Season
Treatment x Period

in Season

** (P<.01)

91.88

226 .80%*

48.20

24 22.62

M.S

21.93

20.93

57

20.79

3.59
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previously, it is doubtful that the performance of Lot 7 is

- due to dietary treatmeﬁt§ 
Mottling

There were no SLDnlflcan% alffevences (?j» 05)
bBetween treatmenﬁs dur1ng “the w;nterg summerg or total
period, of eggs with no mottling (Table416)% Analysis qf
'vmfianép indi@ated that'fhérevwasﬁé hinhfy’signifi@anf
decrease (P<§ 01) ln the m@»tlln@'ﬁf the yolk during the
summer month59 ranplnﬂ from 6 Q t@ 12 8 Dercentg, ”he' |
, 1argest:p©$centage @1 mottied yolks were placed in the 1=2
sc@ringArange; .Th@se eggs had very little'm@ttlings Only
'é small’gércentaée-of.theﬂ@ggﬁ‘were.pléced‘in §m5,ahd 6-10 -
‘scoring classes;v,Thé total mottiimg f@r these two classés
‘ ranéed‘fﬁ@mjjéf‘t@’G;? ner©ent;_vN0 in@@rmation is availe
aalﬂ c@ncernlnﬁ the effect of phosph@rus sunplements on the
‘mgttllnﬁ of tne yolke n@wevers nutrltlonalfadditiveé'sﬁch‘«'
aé Niear‘bazm ” have been s‘pown ‘t@ inerease the ln@gdencp of

. yolk mottling (Polln et aleg 195?}e

'lBlaad Spots

5

The occurrence of blood spots are summarized in
Table 17. A;significantly 1arger (P<§;61} number of blood
‘sn@tSWEse found in the lois r@ceavzng dlcalc&um ph@s@hate'

{Lots ?9 89 ‘and 9}9 ‘This was_evzdencea,durlng the winter,

3

-@;'Lpsw ~ dinitrocarbanilide with 4,6-dimethylpyrimidine.



Table 16

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

Lot Supplements 0 Mottling 1-2 Mottling 3-5 Mottling 6-10 Mottling
No* to Basal
Diet (em/kg)
k k k k k
» H,L * g éf) ild o ® Iiﬁ_ 1()@ ® I-(Ii P® ® H<6
gil gl o 8 % P A , IA— P C P . P «»
[e) *H X3 ' H'cP. %%. o H &)s
0 & AR Is H w
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 21.30 179.2 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 o0o.5 0.7



Table 1l6a

ANALYSIS OF VARIANCE ON THE EFFECTS OF PHOSPHORUS

SUPPLEMENTS ON PERCENT

Source of Variation

Season

Period in Season

Treatments

Treatment x Season

Treatment x Period in Season

"O” MOTTLING

df

24

750.
48.
39.
14.

23.

17

81

57

19

01



Table 17

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

Lot Supplements Average of Total Average Large Spots Average Small Spots
No. to Basal Blood Spots
Diet (gm/kg)
Soft Dlcal. Winter Summer Total Winter Summer Total Winter Summer Total
Phos. Phos. (%) m (%) <%) <) (%) (%) (£)
6 45»00 FoV .9 7=7*4 48.5 27.0 35.1 51.5 73.0 64.9

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
e 21.30 10.8 7.8 8.9 56.1 22.0 34.8 43.9 78.0 65.2
18 7.8 5.9 6.6%4 41.3 27.17 32.8 58.8 72.3 67.2

** (P C .01I)

o>
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Table 1l1l-?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)



summer, and‘for the total DeriOd; Buring tﬁeiwiﬁﬁer‘seasdn

_the largest number. of total spots wére 1argevs?btsg,while"

'.dﬁxing the. summer séés@nAéhe large:spats decreasedglbutlthe
$ma}1=s§5ts»§le$s thaﬁ‘lfg“indh in diaﬁete$) éth§d a markedj “
 incwease, $i§éé no infdrﬁatidn'is avéilablé canée%mimg:ﬁﬁe
.éffegt Qf SUDyiemehtalgphosphoras.On‘%he‘oc¢&3rencggafyﬁlé©d‘
qutSé thé ééasdh fér the p@rformancéAéfﬁLots 6;andx18 caﬁ=
’n‘_oﬁ be postulateds »Héwevﬁers it couls b;e 'pos-s-ib;ie .%ﬁa’g- the
p#ésencevof &icélgiﬁm phasphate;in«the diets inpreéses!tée
:iﬁcidenée  bfub10@d'épots‘ih thé'ydik$;‘vLerﬁef‘an&'Smiﬁh;
 (39@2},faund-g_defiﬁite‘inére&se in the incidence éf‘blboé
Spété”éftéi April 1;‘.Howe§er5‘Jeffef&*il?@ﬁ}vreported th§; 
highes;;incidgnce‘of'blobd spdté at thefbegiﬁning éf the
ilaying &éafgxéﬁdva decfeaSemthreggh‘A@gustg whilé ?réniné'and5
'ZEunk (1958} reportéq the highestfincidéncerQf‘blopé_spgts_in

- March,



CHARTER I¥ RESULTS AND DISCUSSICN: THE EFFECT OF
PHOSPHORUS SUPPLEMENTS ON THE EXTERNAL QUALITY
AND THE CHEMICAL COMPOSITION OF THE SHELL

The previous discussion has been concerned with the
effect «0f phosphorus supplements on the rate of egg produc-
fiong and on the internal quality of the egg;‘ The height
of tﬁe albumin, the Haugh Index, UGSQBQAG quality grades,
volk mottling, and blood spots were used as measures of
tThe internal guality of'the‘egg; . The discussion to follow
will deal with the effect of the phosphorus supplements on
the Quality of the shells of the sameleggs;.

The eriteria for measuring the relative strength
of the shell vary; Evans ot al, {1943) used absolute shell
weightg.and the thickness of the shelljexpressed in mm;9 ‘o
determine the quality of the shell, while the porosity of
the shell was used by Alm@uist (193@); HendricksAet alo
(1931) demonstrated that the quélity'éf the shell is a
function of the shell index and is pr@portionalrt@ the
weigﬁt per unit areé'of egg; In‘this'study the weight of
the shell, percent shell, and the shell index were used
as measurves of the shell gquality.

The diff@rencés in the absolute welights of the
shells between tr@atmeﬁts were relatively small, ranging
from .01 to .07 gm {Table 18) fof,the entire experimental

periad; The average'weight of the shells ranged from 5.12 gm.
. 6l . .



Table 18

EFFECT OF PHOSPHORUS SUPPLEMENTS ON EGG WEIGHT1, SHELL WEIGHTSI1,
AND PERCENT SHELL1l, OF S.C. WHITE LEGHORN PULLETS

Supplements to Average Egg Weight Average Shell Weight Average Percent Shell

Lot Basal Diet
No. (gm./kg.)
Soft Dical. Winter Summer Total Winter Summer Total Winter Summer Total
Phos ¢ Phose (gm.) (gm.) (gm.) (gm.) (gm.) (gm.) (gm.) (gm,) (gm.)
6 45.00 60.28 60.45 60.34 5.31 4.98 S.12 3.42 9.24 G.46
7 13.75 14.80 60.71 61.01 60 .382 5.34 5.00 5.15 8.79 8.20 8.45
8 27.50 4.30 59.99 59.51 59.72 5.75 4.92 5.14 8.92 8.37 8.61"
9 21.30 60.58 61.23 60 .952 5.37 5.3'4 S.Ip” 8.87 3.25 8.52
18 60.02 60.28 60.17 535 5.064 5.183 8.92 S.394 8 .61
1 Weighted averagese
2 (P< .01).
3 (P<.05 when compared with Lot .
4 (P” .05) when compared with Lots 6 and 7.

ON
Vi



Table 18a
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ANALYSIS OF VARIANCE FOR THE EFFECTS OF PHOSPHORUS
SUPPLEMENTS ON SHELL WEIGHT,

SHELL INDEX OF EGGS FROM S. C.

PERCENT SHELL, AND

WHITE LEGHORN PULLETS

Shell Weight Percent Shell

Source of Variation -

df
Season 1
Period in Season 6
Treatments 4
Treatment x Season 4
Treatment x Period 24

in Season

* (PC.05)

** (P< .01)

M.s. df
1.140 1
0.067? 6
0.013%* 4
0.003 4
0.003 24

M.S.

3.360
.012
.045*
.000

.011

Shell Index

df M.S.

1 0.006600
6 0.000316
4 0.000075%*
4 0.000000

24 0.000017
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for the eggs produced by hens in Lot 6 receiving all soft
'?bbsphateg to 5;19 gm; for those produced by hens fed di-
calciﬁm phosphate as the only ssurce @f supplemental
phosphorus {Lot 9);' The shells in the latter lot as well
as thbse in Lot 18, fed no supplemental ph@sphdrus9 were
significantly heavier §P41;05) than those in Lot 6 (Table 18},
No'difference was noted among the weights of shells in Lot 9
and theose in L@t 18;"Thekweight of shells of eggs fr@ﬁ'lgts
fed 13,75 em./ks. (Lot 7) and 27.50 em./ks, (Lot 8) of soft
phosphate; were not significantly different (F2>.05} from
those in Lot 6, having the heaviest egg welght.

‘Alth@ugh statisﬁicai differences were observed among
| treatments (Table 18a}, these differences were so small that
it is doubtful the quality of the shell Woﬁld be affected
appreciably; The lot receiving no supplemental phosphorus
{Lot 18) and %b@se‘réceiving the.higher 1e§els of soft
phosphate {Lots 6 and 8) héd signifi§antlj smaller (E<:ool}
eggs than the 1@ts.x®ceiving the higher level% of dicaleium
"phosphate'(Lots,? and 9}; However, when the shell welghts
are considered no such similar pattern could be established;
Aot 9 had the highest egg:weight and also the highest shell
Weiéhtg but in Lot 7 thé shell was neot as heavy proportion-
atel& as in Lot 9.

Analysis of variance indicated that season had a
highly significant effect.(?u<gel) 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 Oé@é'gramsg the hens fed all dicalcium
i‘phosphgt@ (th 9} were found to have significantly heavier
(P@;;oS) shells than eggs fmcﬁ hens fed soft phosphate as
the only source of supplemental phosphorus;

Egs sheli wéight‘declined sharply in all lots during
the summey m@hths;v'ﬂhis,decline ranged from 0;31 to'O;B?
grams; The lot recexvxnv no supplemental phosphorus {Lot 18)
had the least decline. Lot 9, supplemented with only di-
calcium phosphate, and Lot 18, receiving no supplemental
“ﬂasnh@rus had significantly heavxer (54; 05 sheils during
the summer months when compared with the lots rgeeiving the
“higher levels of soft phcsphaté (Lots 6 and 8), Lot 9 had
the hieheét«egg weight for the summer moﬁths§'and also
maintained a high shell weWght f@r that p@riom wher@as
&Qt 7 supplemented thh.13@75-gm&/&go of soft nh@@phabe
and 1%;80 gm%/kgo di;alcium phosphate, had a high egs
weightg;but did not maintain a shell pr@p@rtioﬁal to its
weight; |

The decline in the absolute weight of the shell
a?vass©ciateé‘With a change in environmental tempefat&re
is shown in‘Table719; It can be seen that the shell weigh%
rem&ineé'reléﬁive1§ constant dﬁring the wintexr periq&
‘(January through Amrilﬁ; The first‘apnarent decline in
shell telght was noted durlnm hhe momtb of April, When

the mean malx imum temperature increased to ?90”@“e Thiug as



Table 19

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

Av. Monthly

Period Ending Temperatures Lot Lot Lot Lot
6 7 8 9
Max. Min.
January 31 66. 3 39.1 5.28 5.32 5.31 5*41
February 28 71.5 46.5 5.32 5.30 5.39 5.34
March 31 70.4 4?2 .4 5.34 5.39 5.35 5.33
April 30 79.9 52.5 5.21 5.27 5.22 5.21
May 31 95.3 69.1 5.01 5.01 5.00 5.03
June 30 102.2 70.5 4.92 4.93 4.93 5.03
July 31 98.2 77.1 4.78 4.81 4.75 4.88

August 15 94.4 76.2 4.85 4.86 4.91 5.02

Lo

o 0 0 !
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t

.39
.32
.36
.20
.01
.04
.93

.13
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"stated éarﬁierg was chosen as therb@ginning of the summer
season, Shell weight continued to decline in a2ll lots until
the eighith experimental period, During this period the shell
weight increased slightly in all lots over that of the pre=
ceding m@nth; It is doubtful, however, that the increage
can be expléined on the basis of temperature; since the
waximum tewmperature for this period was 940@9E;

Information pertaining té the effect of ph@s?h@rus
suppleménts on the weight of egg shells is very limited.

Evans et al. {194lta)} were unable to show any differvence in

the absolute weight of the eggIShells by feeding laying
hens graded levels of defluorinated phosphate and b@n@_mealg
However, tﬁese investigators didJobserve'that the'weight @f
the shell decreased as the experiment progﬁesseﬁ ?iom
December to Aagust; Wilhelm (1940} #iSG‘TQPGIt@d tﬁat éhe
welsht éfvthe egg shell deéreaseé:during the summer;months;

Percent Shell

When the avefage percent shell ig considered for the
total peri@dsg the lot reéeiving ﬁ@ supplemental yﬁOSPherus |
(Lot_lag:Table_ZQ} hadvsiénifi@antly higher {?<f;05§ percent
shell than did tﬁé Lot supplemented with all soft pﬁosphate
(Lot 6), and the lot supplemented with 13.75 g, [ks. soft
ﬁﬁ@sphate~and 14,83 g@?/kg; dicalcium phgspha%e (LQ€ ?);
he lot fecei?ﬁng all dicaleium phosphate was nok signific

cantly diffevent (P2 .03) from either population (Lot 9}.



Lot
No,

18

*
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Table 20

THE EFFECT OF PHOSPHORUS SUPPLEMENTS ON PERCENT SHELL AND SHELL

INDEX 'OF EGG SHELLS FROM S.

Supplements to

Basal Diet

. {gBiliS&rX
Sof Dical,
Phnfl.. Phos.
45.00
13.75 14.80
27.50 8.30

21.30

Average Percent
Shell

Winter Summer Total

8.82 8.24 8.46
8.79 8.21 8.45
8.92 8.37* 8.61%*
8.87? 8.25 8.52
8.92 8.39%* 8.61*

(P**.05) when compared with Lots 6 and 7«

(P<,01) when compared with Lots 6 and ?$

Winter

0.3660

0.3677
0.3720
0.371I0

0.3720

C. WHITE LEGHORN PULLETS

Average Shell
Index

Summer

0.3398
0.3404
0.3442
0.3426

0.3486**

Total

0.3496
0.3506
0.3546

0.3533
0.3574**



U:It sh@uld e notea ﬁhau L@t 2 nao-tne heév#esu shells, bu*b ‘
ﬂjwnen c@nsider@a on a relatxve‘ba31q ﬁhe same paftern was m@t
follawed@‘ Th@yreaSOﬁ f@r thls decllne was nrcuagly due @0
 the fact that thls l@t mad the heavxest eggs;

qur@ Was no smgnlflrant Qlfferenee5 »E>>9953 between

'uftzeitments durlng tne wzvter seascne‘ Durlnﬂ the sumﬁer*

Vgseasan th@re was . sharn decllne lﬂ the percent sneli in all
rvlatsg rgnglng‘zrom 0.53 %o 0o 6? nefcents“ ThlS decllne was
.irr;'ﬁ_ighly."ksignifi@éﬁfi‘? ‘ in (B .01} ;;a:;g,z,,lo‘tts@; - It'shqurld‘_o,ej noted
thatﬂﬁhé~1§£‘p@céi?iﬂg"é11 diéa1cium ?h@syﬁate,(Lo% 33 hééia
lz]ﬁféétéw ab?&lu&@fdeﬁliﬂé~thaﬁ.ﬁhé-@th@r 1ét5‘£éété&;;fﬂurin§7
:the summer seaqon Lots 8 and 18 nad a slgnlflcantly hlgher S
‘;i;percentawe {ng Gj) shell when compared thh L@ts é and 7eg
qince there were. no dlfferences between breatments durlng
‘ffthe w1nterfseas@n5 all the dszmrences for the entlre"ﬁy
':perl@u W@A@ due to thosé occurr;na durang ﬁhe éummer mcnthse"/
| Th@ relablonshlbbe%ween saelﬂ percentage and the |
"~~@nv1r®nmenta1 temﬁeratures are,shown 1n.Lab1e‘ale As with o
tne‘shell Qewent the monthly sbéll ;ercentawes remalned flifﬁ
v~‘re1atlve1y constant f@r the wxnter nerwad \January throudh
: Mﬁrchpe A defxnlte decllnelln ohe percent shell was V
:40bserved in’ Aprlig and contlnued to decline untll the last
érlmental month (August)@‘ Burmnv.AuwusL tie Dercent shell’
iﬁ-afollawed the same nat&ern as did the shell Welghtc» All lOES o
B vncreased sllwhtly durlng ths nerlaa over tmat.of the

‘preeedxng‘mqnthw_



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

Period Ending

January 31
February 28
March 31
April 30
May 31

June 30

July 31
August 15

Av* Monthly

Table 21

1

Temperatures
Max. Min.
66. 39.
71. 46.
71. 47.
79. 52.
95. 69.

102. 70.
98. 77.
94. 76.

Lot

[oo]
[0 o]

c o0 00
N O

Lot

Lot

0o
H O W

Lot

73

Lot
13
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;;he resul&s ln this %tuay parallel th@@e of Mlller aﬁd Bearsé f1'1
7,{1°3@)3 wha showed that the. sh@li pereentave of egés deéreased
‘cansmsteutlyg bevxnning with March and contlnu1ng uhr@anhout

’the experlm@nto hljhplm (1939} showed thai the shell Dercentm fif;
“éve decreased as the ewperlmenu pr@ reqsed “but dld n@t o
"parallel that cf shelﬁ welwhte\'Thl wouﬂd be expecteq9_51nce."
’ Taylor and Lerner (1939% easerved bhat epg welght had a

greater 1n11uenﬁe On tne nercentawe @g shell aan dld the'

»'i_wwhell wekght g Li .could possmbly account for tme hwgher

perggnt?shell‘fouhw 1n m@ts 8 and 1@ of thls stuuy (Table 18
,USinée héns'in,boﬁ‘ of these 1ets prodmced smaller e@ms ‘i:nanj :

any. of t he @ther lots6 B

"éhéll{lndéx

An@uher methoé f@r meagurlng shell quallty, emplcﬁed'

in tnls atu&yy'waQ that of Shell Iﬂdeao- ItﬂhaS'been;awcémen

“ f*bract1ce to c@mpute as a’ measure of shell thwrknessa the

number @f grams . Of shelﬂ per unlm welWHt Qf epgo Howeverg

endrxcks et als (19?1}9 ln derxvmng a formula for the Shellf

'fmzndex,'exnressed the area as a unctlon of the wglgnt of the 
 :c0ntents of the eggg rather than as a xunctléﬂ of the weight

 0£ th@ en%xre egbaﬂﬂ

ST _Weight of shell
;J' ’(ﬂelﬁht of the o content of the egg)2/3

By’ usmng the above formula a shell thwckness 1ndex is obtained,

,wnlch ls pr@nortl@nai to the welght of sheil pexr un t'arga,éf'egg;"
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The'average shell indi@es for the entire study are
Sumﬁarized in Table 20; The lot receiving no supplem@ntal
'phosph@rus {Lot 18) followed the same pattern as for percent -
shell, that is, this Lot had the highest percent shell and
- also the highest shell index. The average shell index for
 this-10t was significantly higher (F<;;01) when eéﬁpared
with the lot recelving all soft phosphate and the lot
sup?lementeé with 13;?5»gm;/kg; soft phosphate and 1@;86
gm. /kg, dicaleium vhosphate (Lot 7)., Lote 8 and 18 bad a
significamtly‘higner (?«<;05)_percent shell, but only ﬁhe
lot receiving no sdppléméntal phospheﬁus (Lot 18) had a
higher shell index. |
There was no significant difference (P=.05) in
the shelliindex>during the winter m@nthsgt There was,
however, a sharp decline in the shell indexA@uring the

. . o
. =2
summer season, ranging from 2,34x10

to 3;8x10=2 unitse
The largest decline occurred in the lot receiving.all

soft phosphate (Lot 6);  During the gummer moﬁtﬁs tﬁe

lot receiving.no Supplém@ntal phoséh@rus (Lot 18) had a
significantly higher (P@ié%E} shell index when compared.

to Lots 6 and ?; ?hé 1@% receiving Z?QS,gmg/kg; sﬂft
pﬁbsphate and 8;3«gm;/kg§ dicalclium phosphate, andvtﬁe 1@ﬁ
recéiving all dicalcium phosphate, were not significantly
different from either’po9u1ation; ﬁhen ﬁhe sheil iﬁdiees
were compared on a monthly basis (Table zz}g'nm‘deéiine was

observed until the monthw@@wﬁpril;' This followed the same.



Table 22

RELATIONSHIP CF MONTHILY SHELL INDICES TO MAXIMUM

. AND MINIMUM LAYING HOUSE TEMPERATURES

76

Av, Monthly

Period Ending Temperatures Lot = Lot | Lot Lot Lot
' ' Max, Min., 6 7 R 9 18
January 31 66;3 39;1 ;362 ;368 03?1 0376 03??
February 28 7105  h6.5 370 o365 .377 o369 .369
‘Mareh 31 g0l by.le .366 370 o368 .368 2370
April 30 79.9 52,6  .356 o358 o363  .354 o359
May 31 95.5 69,1 .3kl .3h2  .351  .3bh L347
June 30 102.2 70,5 o340 336 o343 341 .34
July 31 98.2  77.1 329  .331 o328  .33h  .3b2
August 15 9@;a 6.2 . 330 ;335 ;336 - 340 348




pattevm as for shell weldhf and éhell nnrcénte ﬂAiirlotsff
showed a sllght lncre se_in thejshell;inéex-during?ﬁhé manth;
of Augu;ta’ i - N : B

It sh@uld be n@téé that Mot 189>rec@3VLng 59 supéle»_'
mental oaosph@ruag aad a‘gl@nlflcantlv nlwher (?<: 053 shell e
: eigb for tne Eo»al perlog wnen\compared with Lot o9 ‘and a
SlgﬂlflCmﬂth hlghef (P<< GS} nercent suell when ccmparedl
w1th Lots & and 7@ _This lgf also had a Sinﬁi cant?y hlgher.
ép'g 01§ sﬁell 1ndex when compared w1th Jots £ and,?e ,Thel
smell lndex mlnlmlyﬂs Lhe eff@ct of the Welﬁﬂb oi tae éég;
N@ other lot teste gave.sunerler results when all tnree of
the above measurements were used t@ measure t&e quallty‘of
tae sheile |

It sh@uld be. no&nted Gut aga&n that tbe basal dlet
ln this stuay was n@t sultabzp fer measurin— the efaect of
suppl@mental Dhosnhgrus Qn the shell welghf ‘shellnnerceﬂﬁsh9/‘
“or ah@lT lndl@@s; sxnce a defLCIGHGY was not eroduceda -The
perlorman@e oﬁ ‘the ?@u'rec@1v1nw no supnlementai phﬁ%phOIUSr
{LG@ 183 was equal to or sunerler to f at of the sunplemen»edi1
1ctsa It is alco DOSSLble that sunplementaT bhbsphorus'has
Ao efferb'on‘the ab@ve ment Loned measurements9 éinee{in mbst”
’éaSessvwhéﬁ.éiv* ifie ani dl#fereﬁéesjwére ooséivealln fhe
.:newatlve oont?el %ﬁgy were axsgiabserved‘in;%he suyplgmggtwi

ed ]@tse
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Chemical Analvsis of the Constituents of the Shell

The shells from the previous studies were individually
welghed, pooled, and retained for chemical analysis, to deter-

min

o

if there was any difference in the minerazl constituents
of the sheli due to dietary treatment; ,Caicinm~and phosphorus
were.presentfin ths 5helllin rela#iveiy high soncentrati@ﬁsg_
and magnesium, manganese, and iron, in trace amounts, The
organic portion:of thé>sh§11 consisted almost entireiy of DPro=
‘teinaceaus materials;'.$ince‘calcium and ph@éph@rus Qere the‘
two minerals present in large amounts in the shelis and the
organic ﬁatter'cgnsisted mostly of protein, the relative
concentration of these‘thr@@ constituents was determined,

The average ph@éphorusg caléiumgrand vrotein éoneentra=
tions for the total period are summarized in Table 23, The
lots receiving no soft phosphate {Lots 9 and i&} hééAsignifia
caﬁtl? 1@wer'@?<:;01}§h@sphgru§ concentrations than'ﬁhévlgts
recéiving‘soft ph@spﬁate {Lots 6, 7, and 8}, The average
phésphofus c@n@entrati@n.f@r the lots receiving séf% phosphate
was 1090 ppm;5 while the aveéage phosphorus cancentgati@ﬁ for
the»loté re@eiﬁing'na soft ?héspﬁate was 103k ppm; Thé differn.
ences between treatments were observed the first moﬁth in whiech
analyses Qer@ made (Table 2I), and these differences remained
relatively comstant %hr@ughéﬁ% the course of the study.

Alth@ugthhere was a wide monthly variati@n in the
cal@imm@bﬂ@emtra%i@n ﬁﬁabl@m25&yathean@rage cal@iu&‘conc@nm

tration for the total_period‘remained relatively constant.
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Table 23
EFFECT OF PHOSPHORUS SUPPLEMENTS ON THE TOTAL PROTEIN,

EﬂoquQRUSQ AND CALCIUM CONTENT OF EGG SHELLS OF
S. C. WHITE LEuHQRN FULLETS

Supplements ‘to Diet Average Average Average

Lot o {om. [ke | Phosphorus | Caldéium Protein
No« . Total Period’ Total Total
’ Sofb Dical.’ - {ppm.) Period ?@rwod

Phose Phose |- ' {%) : {%)

6 | 45,00 sewe= | 1100 36,76 ‘6z
? 13.75 1,80 1080%% 36,82 . .56
8 27050 8,30 | 1090%= 36,8l Lo 6l

9 ————— 21,30 1oko - 36.85 Lo 8%
18 | eemee . P 1028 36,85 4,59

w
*
o,
el
N
o
Y
=
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Table 23a

THE EFFECTS OF PHOSPHORUS SUPPLEMENTS ON THE FPROTEILN
AND PHOSPHCORUS CONTENT OF EGH SHELILS FROM
S, Co WRITE LEGHORN PULLETS

: Protein . _ FPhosphorus
Source of Variation arf MoSoe af - Moo
Period . 7 0.073 7 9,890
Treatments o 122 0. RO0H L 19,303%%
Treatment x Period 28 . 0.,0b9 |28 1,085
Semple Error 96 0.027 |90 575

**‘ {‘:ﬁ<001}



EFFECTS OF PHOSPHORUS SUPPLEMENTS ON THE PHOSPHORUS
CONTENT CF EGG SHELLS FROM 8. C.

Table 2L

. VHITE LEGHORN PULLETS

" Period Phosphorus ) (pom.) ,
Ending Iot Iot ilot l.ot Lot
€ v 8 9 1.8
. . ’_—_ : ) ) . .
- February 28 1171 1112 1140 1107 110k
April 1 1139 1125 1196 1081 1122
| Mey 1 1126 1155 1147 1040 13122
June 1 1136 1113 1136 1106 1017
June 15 1099 1111 1100 1052 1030
July 1 1058, 1029 1032 1001 929
bugust 1 1054 1038 1054 965 585
August 15 1003 956 93k o964 915

1 Moisture Tr

[ZE
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Table 23

THE BEFFECT OF PHOSPHORUS SUFFLEMENTS ON THE CALCIUM
CONTENT OF EGG SHELLS FROM S. C, WHITE LEGHORN PULIETS

Period . Percent. Calecium
Ending '
Lot 6 Lot 7. Lot 8 Lot 9 Lot 18

| February 28 | 37,11 36,96 36,98 37.12 36,72
CApril 1 | 36;80 36,70 36,59 36,64 36,88
ey T | 36,65 36.90 367 36,71 3677
June 1 37.38 . 37,58 37.60 37,31 37.18
‘June 15 36.75  36.7W 36,70 36,72 = 36,66
Cduiy 1 36159 36,61 36,82 36,69 36,91
August 1 3642 36.66 36,68 36469 36,75
August 15 36,39 36,39 36.88  36.89 36,91

1 Moisture free.
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The maximum difference in calcium concentrations between
treatments for the entire experimental veriod was 0.09 pefcentQ

The 1ot receiving 2ll dicalclium phosphate (Lot 9} had a
significantly higher (P<:001}vshell protein content than the
.Otherilots tést@d (Tabie‘QBD; lStatisti¢al analysis {Table 23a}
indicates that there was a significant treatment by period
interaet‘Qg.QF<:aQ5D§ th@ref@seg all of the differences observed
among treatments were not consistent from season to Season.
The average pr@tein c©ntent f@r LotVS was L4.85 percent, while
éhevaVQrage foxr the other lots tested was L.60 percent, as
éhown in Teble 26, No work is available concerning the effect
of phbsphbfus supplements on the mineral composition of the
shell& |

Statistical analysis inﬁicates‘that the perioéé bad a
highly significant effeét,(9<§;01) on the ph@sphbrus»c@ncenm'
tration. This effect canlbest be shown by Figure 2, The
monthly ph@sph@ius concentrati@ns varied greatly, but there
was still a definite decline in all lots as the study pro-
gressed, regardless @fAéiekary treatment; Howévemé regression
analysis indicates a significant difference in the rate of
decline of.the shell ph@sph@rﬁs betw@em the suppleﬁented and
n@nnSUpplemented 1ots; Th@ aﬁerage phosphorus concentr&tion
in the_supplemeﬁted lots'{Loﬁs 6, 75 8, and 9} ranged from -
1132 %@ 96@4ppm;9 whereas for the ot receiving no suyplemem§a1~
phospﬁarus {Lot 18} the phosphorus concentration ranged fr@m _

1104 %o 915 ppm. The.rate of decline as shown by the regression



o
o

PHOSPHORUS IN SHELL (ppm.)
O
O
O

———-— LOT 7
e LOT 8

------------ LOT 9 .'v" oo
i i amle s 3 s S FY T *
\l
900 | | | | | |
FEB.28 APR.I MAY | JUNE | JUNEIS JULY I AUG.I AUG.IS
PERIOD ENDING
1. 2—=late of decline of shell phosphorus in relation to exverimental

neriods,
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Table 26

"E‘ROTEINﬂ CONTENT OF EGG SHELLS

Period Total ngtein (%}

Ending Lot 6 Lot 7 Lot 8 Lot 9 Lot 18
February 28 ‘@§9Q Lozl - Lo 5h B 45;2@ Iy, 89
April 1 Lo b6 Lok - ;12 5.25 Lo 83
May 1 s Be35 by bl67  Be3?
Fune 1 o8 bo92 .93 k.80 “ ol
June 15 B.59  L.u3  h.82 - L.68 .2k
July 1 61 Iy, 777 Iy, 6l o 66 .83
August L. 65 boh3 L,86 o7 T
August 15 Iy 65 Ly 60 b,72 lo 77 %057

1 N x 6,25 {moisture free},

85
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curve in Figmre‘z was curvilinesr, being accelerated as the
study proéreSsed;

The calcium remgined cohstant throughout the study
(Table 25). This was indicated by &he fact that the CaP
ratios increaéed frém_the beginning to the end of the study
(Table 27). As would be expected, the lot receiving no
supplemental ph@sphor@s (Lot 18) had a slightly higher CasP
,rati@ than the suyplemented lété; The averége Cas? ratios
of %the shells from hens in the supplemented lots ranged
from 32?;2 to 380;29 whiile the Cas? ratios of shells from
héﬁé‘r@@eiving no smpplem@ntél phosphorus ranged f?oﬁ 332.6
to 403.3,

The pevrcentage protein in the shell dropped slightly
in the 16t_receiving.a11.dicalcium phosphate (Lot 9, Table 26).
However, it should alsc be pointed out that this lot also had
the highest p@rceﬁtag@ protein during the first tWQVeXp@Tim
mentai periods. &lthoﬁgb there was a decliﬁe in this lot,
the protein c@n@émtrati@n did not fall belbw that of the other
10@5; A11 other lots (L@ts 6, 7, 8, and 18) remained rela-
tively constant thr@ughmut the shudy., :

It had been assumed that the mineral constituents of
ﬁhe shell remaiﬁedvéonstant régardless of the absaiﬁte or
relative weight of the shell (Buckner et aly 1923}, Almquist
{1934}, in discussing éhim and thick egg shells, é@nélud@d

that the mineral constituents of the shell remained constant.
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Table. 27
EFFECTS OF PHOSFHORUS SUPPLEMENTS ON

THE CALCIUM--PHOSPHORUS RATIC OF EGG SHELLS
FROM S, .C. WHITE LEGHORN PULLETS

Period , ~__Total Calcium (%) L ‘
Ending Lot 6 Lot 7 =~ Lot & = Lot 9 Lot 18
February 28 | 316.9  3h2uk 32h.b 33503 332, 6
April i 323.1 326,2 5101 328,9 3287
May 1 32hol 319.4 319.6 3529 5277
June 1 329,0  337.6  330.9 337.3 365.6
June 15 334 330.7 - 333.6 349.0 355.9
July 1 . 345.8 »355;8 , 356.8- 366, 5 3773
August 1 | 3h5.5 35302 38,0 - 380.2 373.1
Bugust 15 | 362.8 380.6 39k, 9 382.7  1403.3
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"However9 when an @verawe was taken of tbe phosnn@rus c@ncen='
‘wratlpns ;mnthe,thick and thln_she1155 Lhe @onc@ntr&tlonslgf

'Wére:f@UQd.tQ be I2?0 and,100§’pnm;1r950ective&y@ Fu'her

»analvsiS'@f‘the work mf uomm@n (1936) shaws that when a thlﬂ e

‘Shglﬂ egg ShEIl was 1ndused exnerlmentally by w1t h@ldmno tge'j o

‘caICLumg the absolute and relatlve cgncentratlgn of phosnaerus"'*‘

1,deo£ease@a

Slnce the snell weinht percent sh3119 and‘sheiluihﬁex,“5

“{all aecl n@d consxst@ntly as the stuay pr@pre sed, an‘attémgﬁk-~,w'f

was made t@ correlate the . decllneln the relablve‘wéiﬁht of

':the mhell wth the deallne An ph@sphorus concentratlgnaf,,saf

;,~Regr95510n llnes relatlnw the nhosphorus contenr of tbe she?E

ffthh the relatlve welmht of the shell 15 given in Imgure 3@

Re«ressaen analyszb showed that the decllne in nn@sn%orus

lcauld b@ carrelated Wlth the decllne in the relatlve welght 01 ,°"

,the smell (Tabje ?8}0 Tho c®rrelat1@n vaiues ranged from -??u>z5145

jtc 6?95‘ k@ ccrrelatxon could be found between the decllne in:iﬂaiv“

the relailve welght of. the shell aﬁd the cala&mm ana nlurogen j f7

}conteﬁt further 1ndwca lno that Lhe calcﬁum and phosnhoras

‘caniumt pemalned relﬂtlvely c@nst&nto_‘g.’“

An attempt was - made %o Dhy51ﬁlovlca11v aSSOL&aﬁe thls p

 £9©1xne in pnosph@rus c&ntent of the shell thh the relatlve
."we&gh of &he sh@ﬂi (% aule 29}e Sheﬂls fr@m esss cailected

'auring the nxnt xoer&ﬁental mon»n were analvzed lnélvwdual

'3The aelatlve wemght Of the cnell ranoed fr@n 0908 tc 9 88 nercen
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Table 28

‘ REGRESSION AND CORRELATION COEFFICIENTS FOR
CALCIUM, PHOSPHORUS, AND PROTEIN ON PERCENT SHELL

Regression Coefficisnts] Ceorvelation Coefficients
Lot | bb?hos;/, b%10=3 | Phoselew  Casem Probein-
Voo Shell Shell/ | % Shell % Shell % Shell
' Fhos,
6 | 146 a3k 79 s .2
7 | 161 5,13 ° 90 13 .39
8 167 3.58 .77 0L .20 :
s | 150 3.83 .82 .11 .81
18 261 2,58 .82 .28 .58
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- BGG YEIGHT, SHELL WEIGHT, PERCENT SHELL, AND
CALCIUM AND PHOSFHORUS CONTENT OF
INDIVIDUAL EBGGS

Egg Shell Shell Phos, Caloium || Esg Shell Shell Phos. Caleium
Wt Whe AB) . (ppm} (B} || Wt. W (%)  {ppm) (%}
(gm) (em) ' O (em) (em) |
68,9 L.95 7.18 1329  36.59 |l 59.6 b.s2 7.58 917 36.48
E6.h 5,94 8,94 1019 36,95 59.6 L,3h 7.23 1079 36,57
65.9 6,33 9.60 1193 36.87 59,4 L.75 7,99 1210 36039
6508 5010 7,75 834 36.58 || 59.3 B.b3 7.47 75k 3665
65,1 @@53‘ 6.96 954 36,81 58.7 5016 8.79 1019 37.06
64,9 5.31 8.18 1321 36,10 || 58,7 L4.9L 8,36 1213 37.01
5§®@ 5.12 7.95 687 37.21 58,7 5.22 8.89 1007 37.13
Sli.2 5,34 8,31 1012 37.27 | 58;9  3053 6,08 912 36,06
62.0 5.61 8,99 912 36.62 57.5 L.7l 8.15 928 36,81
61,7 5.89 9.54 951 36073 || 57.4 L.78 8.32 955 36,62
61.7 14,09 6.63 1023 36.67 57.4 3.78 6.58 1006 36,56
 6l.k 5.29 8.62 910 36.90 56.9 5.18 9,10 1057 37.23
61.h 5,20 8.6 B0k 37.20 56,7 5.00 8,82 553 36,63
60.8 W.63 7.61 1123 36.96 55.7 L,52 8,41 . 1067 37,01
60.7 5.57 9,18 1201 36.83 53.0 3.94 7,43 851 '36981
59.8 5,33 8,91 817 36.h8 50.1 4.95 9,88 1136 37,06
59,8 L.68 7.82 955 36.10 49.3 l.12 8,35 509 37.17
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When‘phesph@rus was determined, ﬁo definite correlation could
be made between the percent shell and the phosphorus content
of the sh@llg'h@wevefs further investigation of this phase of
the study will be pursued§ It is possible that the metheod
used in thié study f@r phasﬁh@rus determinations is not sensi-
tive enough . to detect such small differences when the shells
are anaiyzed individually,

Ho explanation is available for the decline in the

phosphorus concenbration observed in this study. A4As the

phosphorus concentration declined;, the environmental tempe

eratures increased. However, the hens were also increasing

e

n age. 1t has been shown that the shell gets thinner as
tne‘tempgiaturﬁ increases KWiihelmgl9@0); Howevers'at the
present time the shell seems to be pPhysioclogically unrelated
to the,é@@line in pﬁqsph@rus cGncentrati@n;, Furthey investi-
gation will bégj,n at this University soon, to check out the

relationships and discrepancies found in this study.

Analvsis of Membrane

Zince 2 significant difference (P%fQOL} was @bserved
'betWeen treatments in‘the phosphorus concentrations Qf the
Shéllg it was found desirable to separate the shell frém‘the
membrane and determine the caleclum; phosphorus, and protein
concentrations of each @éﬁponenter Since much difficuiﬁy was

encountered in the manual separation of the shell from The
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membrane, this was done only once during the course of study;

The relative concentrﬁtiénéof the above mentioned
éléments'f@und in the membrane are'ouﬁlineﬁ‘in Tabié ﬁou The
phosphorus concentration in the membrane ranged from 121 %o
lzé'ppmg and that of caleium from 0.066 to QQOEQ percent, It
can be seen that mgst of the shéll membrane is c@mp@sed of .-
proteing’Wh%@h:constitutes from 96;5% to 97,89 percent of the
totai membrané; All'the'analySes were madé dn 2 moisture
free basisa

Only tﬁe rélative éoncentratiahs were determiﬁed
because of the éifficulty iﬁ'remevingnthe entire membrane
from thé shell, This author'ebﬁerved that after peeling away
as much of the membréné as was possible from the shell, tneré
.always‘remained a coarse meshwork of fibers attached tg the
sheli:éraéero A simiiar observation was made by Stewart {1935}

KQ inf@rmati@n,iS'avaiiéble as to the ameunﬁ-@f ph@sm
phorus in»the shell membrane. Romonoff and Romonoff (1949}
reported that the shell wmewbrane contained approxiﬁétely 16
.percent igorganic matter, of which fthe largést pefcent was
calciuma 'Steﬁart {1935) répovted that calcium carbonate was
‘absent in the shell mewbrane. If this is cérreétg the minute
guantities f@und in the membranes in this study must have Deen
in.the form of di- or"tricalcium éh@sphafe;

Analyses weré carried é@t on the Winorgénic*vporti@n
Qf the shell for the above mentianedﬁeleméntsg and the results

are summerized in Table 3L. The phosphorus concentrations
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Table 30

RELATIVE FPHOSPHORUS, CALCIUM, AND PROTELN
' CONTENT CF EGG SHELL MEMBRANES!

Supplements to

Lot Basal Diet Phosphorus Calcium Protein
Voo {emo ke, ) {ppm} (%) (%)

| soft © Dical.

Phos, Phose

6 15,00 —— 126 0,066 97.31

7 13.75 N 80 128 0.069 96,5k

8 27.50 . 8.30 128 0,068 96,52
9 vemee 21,30 122 0.067. 97,89
18 e s 121 0,067 97.52

1 Moisture free basiss
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n Ta£ié 3ia .

RELATI“E Eﬂas“ﬂﬁauss bALbzuwﬁ AND PROTEIN | pm ENT CF
e "%Esggfﬁﬂmmwr*mamm@mmg \ R

Lot h_‘, Qupnlementb o  vPh0sthrué;k Cwlclum ?r@tein
No, .  ‘Basal Diet odppm} (d) (,(%}; .
A (ﬁ@_ﬁllkﬁo ': e SRR

- fSoft : D1ca19‘ R
“.ﬁl‘h@"‘sa‘i Eh@gm -‘ ) »',.'.‘.

o

45,00 wemme 1039 37.63

13,75 . B0, 989 L '3p.68 . T .auby

N

27,50 8,300 98k . 37.73 . 2bb

o

cmem= 21,30 1005 | 37,93 2,58

180 eMlle o Caemms iU 961 Go3p.95  Uziks
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'f %arieé:cbnéidérably.betﬁéeﬁ £r§@tméhts‘(1&39*t0’§615§pﬁ};,'fhéf 
?relatlve paosphmrub lé§e1 éf the shell.withéut,the membfanei
vwas sllﬁhtly hlaaer i an that obualned thn the same . shell |
'fhav1nw th@ membrane lntact ( aule 32}¢ ~The ca161um levels-

iwere also sllﬁht?y hlpher in the sheli w'*houu the membrane. w”ﬁ

.7than in the saeiﬁ w1th the membrane Lntac%e .The pratein

contenb of the shell when aenarated from the membrane {Table 31}71U-

aranmed from 2 58 to 2 35 nercéntg whereas fox me shall Wlbh ;,,
‘ the membrane lntactg thé nroteln-cant@nt of ;he.sheil raMﬁed*
 from @ 60 to Me{@ ner@enta"”heinroteln values are slmlﬁar '
“‘t@ th@se @f Almqulst {1 34}5 who stabeu that‘the “1nornan1c“
p@ thH conralned 2 @1 nercent pratexn;; IT 1s not kn@wn thh.5

_éerbaln»y whether mhe proteln found ln the shell 15 & nart

lof the “1noroanxc“ snell, or" Juét protruslons Qf the memoraneﬁl
~ into the shello Stewart {1935} concluded that_bhe 1att¢; ”

was trueo;

The analysts of shell aﬂd membrane separately &ndlcates_;_w

‘.bhat the observed changes wit h repard to DhQSDhOTus were apb

&

”‘f;to appear in the “1n0r n3“ wtlnn of the smelle "hese‘='

’ anaiyses w111 be of value lﬂ the future work on egg shells
‘nlanned at thls 1nat1tu»19ne
;ggbia-gnalgsis'

Upen termlnatlﬁn of tb@ studyg t@n hensiffom éachrlot
:-were sacrlflced and thelr 1eft tlblas retalned for ashlnv andij

h_ chemmcal an&lySlSa Tno ne%cent bone ash for each 10» is



‘Table 32

. REJJA’I‘IVE PL—IGSFT-IORU ALCIU‘!@ s A AND . 'PRUTEII\T CGI\ITEI\TT -
: ’ OF Sri“ELL 1&1’1 TH THE ;&H‘MB?JXNE ‘

Lot S’u?p»:ﬂ.iexﬁent,s to ' ’Pmogﬁho rus ‘ Calcium Protein
No, ~ . ~Basal Diet _ ,(:)pm} L ”%} %)
o demedked Y

Soft - = Dieal,

Phos, - Phoss.

o |

45,00 cemme . IOL7 36,78 - hu7b

1375 . 180 959 0 36.ho | hiéo-

@~
N
3
o .
Y
- e
0
®
s
o

926 . 36,48 k.65
971 3646 .75

20 N
]
1
i
i
g
[
TP
.
W
&3

et

e @mgég ,f’«'ggg? 36,50 ;a @;?3.




supmarized in Table 33, ?h@ 1@t_receiving ali dicalcium
ph@syhate'(ZIQS gms [lkg. , Lot 9) had the highest avérage pera:
cent bone ash (6L,28%) , whereas the lot receiving no supple-
mental'phosphefus had the lowest average percent ash {62.78%,
Lot 13?; This difference is insignificantg since the ash of
the‘ihdividual bones within each lot varied approximately four
vercent. However, Gillis et al. (1953) showed a definite
change in'percenﬁ bone ash with the level‘@f phosphorus in

the diet of laying hens. These autbhors got higher percent
bone ash when a'high level of dicalcium phosphate was fedy

than when the dieﬁ contained a high level éf phytin ph@sphcrusé
These authors further showed that the bone ash for the lots
're@eiviﬁg_1;33 percent diealcium'phosphat@‘wag 6@;1~percent;
‘This is apprgximately thé same value that was Obtainéd Trom
tﬁe lot receiving all dicalcium ?hosphaté'in the study rep@rted'
‘herein (Lot 9, Table 33).

‘The ash of at least three of the tibias from each lot
was analyzed for their calcium and phosphorus c@ntent; The
average percent calcium and phosphorus content for eaeh lot
is summarizéd in'TabIQ 33 The caleium and phosphorus con-
tents of the tibias were cgnstant in all lots. Averase
phésphorus contents of the tibias weré 11;9@ Percentg while
fhat_@f the calcium was 24;?6-percénte This gave a caleiume-=
phosphorus ratie of 2,24, This is a further inéicati@n that

there was no difference in the percent bone ash between
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EFFECT OF PHOSPHORUS SUPPLEMENTS ON BONE ASH, CALCIUM,
AND FPHOSPHORUS CONCENTRATIONS, AND CAsP RATIOS
OF TIBIAS FROM 5, C. WHITE LEGHORN PULLETS

Lot Supplements to

Calcium

Cas?

Bone Phos.,
No. Basal Diet Ash {53 (%}
(gmo [kgo ) (%) o
Soft Dical,
Phoso Phos,
6 55,00  —come- 63,23 1L.07 2, 81 2,2l
7 13.75 14,90  63.30  1l.2h 25,18 2.2b
8 27,50 8,30 63030 10,98 21y, 60 2,2k
9 oo 21,30 = 64,28 10,98  zh.72 2,26
18 oo e 62,78 - 10599 21y, 59 2.2l

Univ. of Adlzona Liprary
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treatments. Had there beéen a differénée in the percent boné
ash, the pergent calcium and phosphorus of the tibias‘waulé
have been altered,; thereby altéring tﬁe Sag? rati@a‘

Theé imermation concerning the calcium and phosphorus
content of laying hens ishvery iimited; A numbexr of percent
.bone ash measurements have been rec@rded; however, the rela-
“tive calcium aﬁd phosphargs concentrations wére not pgrsued{
It wéuld seem that by'determining the conceﬁtratian of the
two major elements present in the bone andrd@t@rmining;their
rati@sa.a better record of bone development could be obtained.

It has been shown by OfRourke et al, &1?52) that the

chick at ten weeks of age, fed the recommended levels of
calcium and phosphorus, had approximately 55 percent bone
ash, but again, no information is given as to the relative

concentration of calcium and phosphorus.
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 CONCLUSION

| The 1@%vfécéiviﬁgfﬁa sa%piéméntal»ynésphﬁfué'haa sigé;:
'ﬁi cantly {Eﬂ< 013 hlﬂher rate éf egg ﬁr duction tban any Qf
the supnlemented 10@L@, Egg nreductﬁeﬁ was Qenré; @d‘iﬁ a11'~
'1@»5 rec@1v1ng‘supniementa1 nhosphorus wﬁém cgmﬁar%g wxah ihe

"lgt receiving no cump?emengax pnospboruse There‘was no’Signim"Qﬂ“

fiéamt Girse erence,( < 05; am@ng the nhOQphgrub supplementec

‘.lbtsa‘ mhese r@sulﬁsﬁ'aﬂonn Wlth th@se of DVQVLQQQ workers

Lends tm lnﬂlaame th&t the laylnp hen does not. r@aulre m@re   : vfwﬂ

'than 0 @1 percenf tota% pnesphorus for egw productzone

The Iat fed n@ supplem@nbal Dh@Sﬁh@rus &lgt 18} had

’_gfbetter ieed,e@nvem51@n¢ﬁ Thls-waﬁ»eviaenceé;when expresgeq

@n;eitmer o De/dDZa egwsuer gms/gm@ of eﬁg ba51 ‘ Thesé |

.valueg for thb ﬁeoative c@ntro? were @ 29 and 2. 69 regpectlvejyg

 <Whl1@ the averages f@r supplemental lots were @ 85 and 3 03 ‘ffT;.
;respectlvelyo_ , | , T

 Ther@ wab no smgﬁlficant 61fference (Pj>005) in the

A-p@rcent hwtch&blllty -of fertii@ eg s;' The m@rtallty which "

ccourre 4d in the study aouid not be dlrectly assocldted wzth

the phosphorus treatm@nt feda Ther@ was a greatpa 1@5% QE

weight in,th@'negative'gantr@l than in~the<@ther.10ts tested@;ﬁi“;”
howevérgit is apnaréhtvfr@m the reéults ef this study that ﬁhe  ﬂ'

“maintainlnn of body welwht was not necessary or maximum’ evg

- productiony since fme:1’@‘@’2;4“?@@5] no supplemental phospmms had

the highest raté of egz production and glso'the.greatest lossi -
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in body we‘:ﬁ.gh"be,
The Ests recelv1np the hlgher levels @x dlcalcium

ph@sphate (L@ts ? &nd 9} haa & smgﬂlﬁlcaﬂtlj hexvmer LEQL Ol} o

"ewf than th@ pther lots tes"tedaj Hewever, the ph@snnorus conmgyf;f:h

tenb of tbe egg yaik was unalterede'

Th@ heawht of the almumlng the Haugh Imdexg_ﬁo Sa-ﬁe AefTﬂ%Q
uipraée QTSbrlbUtWOng the- metbllm @f{the'yolksg t@tal blsad

ye) ot were alj used as crwterla‘for mea@urin# the 1nterna1

"‘quallty @f the @wﬂe Slwnlfleant dlffer@nces were @bserved
xbetween tre% men&s in all of bhese meaquremeﬁtss etceptlmv:ﬁ-:'

’ihe m@ttllnp @f the yolka ﬁhenever a alﬂnlflcant d1flerence

iwas observeds’La was observed in L@t 183 rea@lVlnﬂ n@ suvpleav'

'mental nhosph@ruag and ¢ﬁ aL least @ne supnlementeé 1069,

\

' Thls lnd;cateq tha% exther the basal dlet ins the stLdy was::

“ 1not sufflclently 1©w 1n totaj ﬁh@sunaruq to measure the

: effect ox supalemen al phagphozus on the 1nuernai quallty

“jof the eg or the lnt@rﬁal qaallty of" thé egg is not affec&eg(?%vf
by puosnhnrus sunplements@v ‘ | _

Percent sh9119 absolute welght of tne sb9119 and tbe‘
"shell @ndex were used as cxlterla for mea%urlnb the quallty

.10? th@,5ﬂelle The absnlLte wezmht orvshell anﬂ nercent eh941 ';m;if
B@nd She1L lndex decllned in all lots a§ the stuay Pr@”r@SSGde‘
11Thé:10t recexvxnw n@ sunplemental nhosphorus was fouﬁd 5uuer

"niqﬁfmn all three of bhe meﬁsurem@nfs autllned &b@V@e- Ecwevaxgifh

»ﬂfone;cg't e suuplemented lots was aleo found to be superior

'”fwhen the abqolute wexght—and-percentane shel? were - censlder@ég*”“
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indicating again that either the b@sal diet waS'ﬂ@t“suffic;
jently low in phosphorué to méasure the effects of phosph@rus’
suﬁplements on the external guality of the egg, or é@ésiblyg |
these measurements were not affected by the phosphorus supple-
ment.fedg

| Analysis was carried guﬁven the egg shell for calciumyg
protein, and @ﬁ@sphorus; Calcium and pr@t@iﬁ remaiméd'relaa
.tiveiy constant throughout the study, bét the phosphorus
ccn@entratibn of the sheli deélined consistently ih all lots
regardless of dietary treatment, as the study pr@gr@sseé;
The average rate of decline for all lots ranged from 126426
%0 954430 ppm; Regregsi@n’ana1§si$ indicated a significant
differén@é in:the yate of decline of shell phospborus between
the supplemented and unsupplemented lots; The rate of decline
was éﬁrvilin@arg-being a@celérated as the étudy prqgressed;_

There was a p@sitive.corr@lati@n between the rate

of decline in.$hé11 ph@sph@ras‘ccncentfatign and thé decline
in the average percent shell,

Wo differences in the percent b@ﬁe ash between the
supplement@dAlofs\and the unéupplemeﬁted lot were observed.
Anéiysis of the bone for eélcium and @h@gﬁhorus indicated that
the percentage composition of these eieménts remained relatively

constnat between treatments,
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