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INTRODUCTZICN

Thare i3 a gonsideranls dagras of disbord in the litera-
ture as to what the sctuel vitamin A roquireamt is fqr TR
produotion and hatchadility. There gscens $t0 te a Jommon agrse-
mant that bha'V1tamin A reqnirémant for hatohadbility 1s great-
er than that for egg produxtione In popular disoussions, one
will froeguently heur that the bresder maan shoulld be supnle-
rtented with more wvitamin A than the laying mashe Therefora,
taxing the egg productiion and hatehabilidy roquirennt rslatione
ghin ag a fact, it should b9 pos:-idle to wroduzsse an egg which
is daficlent in vitamin Ay that is, sn 2.9 whioh oan be produced
by the hen beoanss tho vitamin A reruirsnent for egg productlon
is satisfiea’%hgugh that for hetchatility 1s nude FHith ogzs of
this vitanin a4 aantént, it 2houlid De nosziiule 0 mazs a stuly of
how vit&&ln A enters into the metabollic prooescog of ambryonic
fa%gatiane. Zince theze azgs would ba dsfilendt in vwitamin i,
soéa nalformasions would ba llxaiy %o devalop as & result of
this daPMeliconecy, and thsrofore, thio enbryo shouwld sarvs as an
axcclﬁ%nt neane of stndyiss how vitamin A actually funotione in
the cell. This finding wonld te of importance bscause very
1little 1a xrown today about how witemin A is nussd Ly tle orgmn-
isne

Tyarofora. i$ was helieved that 1f a group of hsans wers
plmcedﬂcn n Adiet whish was dsfiisnt in 1 tamin ., the vitamin
A in the body atorsa of those hens wonli serve &s Whne sdurcy of

supply of this vitamin for the carrylns on o =neintsonancs aad



egg production processss, «8 thase atoras;bgc&me daplated,
the point would be reached where ozgs #ouli ve producad that
444 not have asncugh vitanin 4 in them to enablse the embryo

to go through %o & normal hatching. This point comld be Qo=
termined bty inoubating all the vgzs produceds hen the pers=
sant hatohabdility began to drop, it would indloate that the
time had bouen rsached where ogss wers being prodused which

414 not have encugh vitamin & Por hatchability. Thus, a more
gareful study of the early ombryonic deavelopmant of 9gzs sudbe
saruaontly produced sould then be nada, knowing that thesse egos
wera dofisient in vitamin & for hatenadlility.

’ﬁith this hypothesis, a group of hens worg placsd on a8

vitamin A doflcient dlef in ordor to produce egis which 4id na
contain éngﬁgh viiamin A for hatchinge This dspletion experi-
naent wus cairied oﬁt agd then repesntnds 48 a rssult of theass
gxperimomta, it was rounirthat the egas produoced, hatched wsll,
.In faot, ths hens laid eggs untll they bveoams vitamin a doflio-
‘lant and dled, dut tholr ozzs hatched well, even those that
ware laid last. #ith this information at hend, it was conoludd

that thore must ba come error in tha information on which the
hypothesis was based,and that the hatehabdility regulrement of
vitania A cannot Ue greater than the recuirement for egg pro-
duotion, A oriticzl review of the data 1in ths work reported
on the requirement for hatchability has oxplalined some of the
difraéeneas of opinion. 4aAlso, the experimsntal work rasported
in thia thesis tonds to explain what the real situation is in
regard to the relationahip betwoen the vitamin A raculrsment
for ogz production and hatchadility.



LITMRATURS RIVIW

Bathkze ot al (1527) were probaﬁly the first workars who
showed that there was a relation between the vitamin i con-
tent of a hon's egg and tha vitamin 2 conteont of thé hen's
diat. Howavar, the stage of vitamin 4 exper imontation had
not reasched the point where a high dagres of guantitativeneas
was used, Thoir finding was to the affect that cod livsr oil
in the @12t or blue grass pasturs caused =553 %o ba producssd
that had a vitamin A potonoy which was saversl timas that
whigh was produced when the dist contzined thirty per cent
yallow corne

Trobably the first atiaenpt to pudt the vitamin 4 require-
ment of hend on a quantitative basia is the work reported by
Sherwood and Fraps (1932)e They fad hens at a level of 270,
120 and zero Sherman - Munssll units of vitamin A daily.

‘Tysy found that the bdest results in agg produnction was obe

" $ained with the hishest level of vitamin 4 intake. Jome date
in thoeir paper tends to gonvsy the 1dea that the same irand is
showp for hatahabllity. However, no conolusion was drawn fron
this datae.

Shoerwood and Fraps {1934) reported some additional exper-
inents they had done on the vitamin 4 requirsnenta of laying
hens. In these axperimenta they used higher levels than in
the ﬁrevionaly reported experiments., They fed thelr hens daily

224, 336, sand 444 Shernan - lMunsell units of vitamin 4 potencye
In these expariments too, tho¥ found that there was a relation

batwaan the rate of ogg produnction and the level of vitamin A
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intakXe, This was also thelir {inding in the gase of hatohabile
1ty. The best resulta were obtained on thoir higheat level for
both these funations. Y

In 1930 Sherwood and frapa repoatod ths work they had done
in the prsvious year and czia o the conglusion that 300
Sharman - Murdsell units par day was nasessary for laying hens
whieh-wara laying at the rate of 130 egza a yoars. This was the .
dgsirable intake if the hens ware t0 lay sggs which had a high
vitanin A content, However, if ono 4id not care about ths vita-
min A ocontent of the eggs produosd, 240 units was suflfiocient Ior
go0d health anmd good egg production. Thore data again showed a
trend ;a far as hatohadilisy wag gconcernsd, The higher the in-
take of'vitgmin A, the highor was ths per oent of hatchability.

R’asaali et ale (1936) fed hons at o level of 89 UsS.PeXI.
units per 160 grans of dlet (oquivalent to 53 miorograms of’car~
otona) dnd obtained data which indicated as good sgg prodnciion
-and hatohability at thias level as at bigher levels (6,807 UsS.7.
h Xg; units per 100 grams of dist whiczh is aquivalenﬁ to 3,964
miarogeans of carotenels The only difference they eouldAfihd
betwden thewe gEmdes of vitamin 4 intake was a hisher mortality
in tho shiokXs hatohed from the two lowsr levels(89 and 154
UaJaTeXl units ).' Their next hichor lovel was 288 UgiePeils
units (equivalent to 172 miorogrsas of sarotene). Hens that
dled 9n=thair loweat lgvel of vitamin 4 intake contained fair
quantitics of vitanmin A in their livers. Uone of the birds thaf
died showed vitamin A deflioionoy asymptoms. 4 possidle explsnaw-
tion for the fairly good results they obtained in egg production

at the lower levels may be large body stores of vitamin 4 ad the



start of the exporiments Ihe recommsnded quantity of vita-
min & in the dlot was 485 H.J.?.AI.vﬁnita por 10C grams
(aquivalent to 291 micrograma of carotéﬁé).

Bonras and ¥illar (1937) found that a iiat oontaining
& vitamin 4 potency of 250 Shorman - ¥unsell units per 100
Zrunsg (ecuivalent to 210 nicrosrans) in the form of cearotons
in airazra leaf mesl yioldsed a hatchabllity of 84,5 por conts
The hatchability improved to 20,8 por cent when the vitanmin
potenoy of the ilel was doubleds .y Murther addition failad
to incrosse hatohadility. These authors gtate, "Althongh we
are gag songorned ¥#ith egg produciion in the work heraein re-
ported, yet 1t should be montioned $hat the produsctlion in-
arsased as the laval of alfalfa waz incrensed in the ration;
thus, it ap;éars that a ration conteining sufisient vitamin
4 for maximum hatchabillty may not sontain sulfioient for maxz-
imun ﬁrdﬁnotiun“. The inorsase in hatehablliliy they obitained
;wﬁgh an inorsase in the quantity of alfalfa leaf meal added to
| the diat may be due to faciors oiher than carotene sontalinsd
in the alfalfa.

“In sone prelininary experiments, Zsecord (1937 ) found that
the beat results in eggy produciion and hatchadbllity was obtalin-
ad whan the vitamin 4 level in the diet was in the range of 3560
$0 400 Up3.P. unita psr 100 grams of fesd (210 to 240 mioro-
grame of garotene)s Theso workers ran sexpariments involving
ths réllowing lavels of vitanin A and cozroi=ne intake, Ffor
vitamin i, they usad 150, 240, and 320 Y. 5.7 units per 100

grnns of 1lst, The sarotone wians supplemcnted zo as to supply

100, 200, 400, 8GO, and 1500 miocrograma of carotzne per 100



grams of faoed.

The work of ilmquiat and Ilecont Qi@zg} showad that eoag
produotion snd hatohabllity ware satisf&&tcry on all ogxcapt
the lowest carotone level they used, This lovsl, 188 micro=
grans of carotone, waad regurdad as satisfactory for egg pro-
Quotion but low for hatohability. 7Their naxt lovel waz 446
I.7. of vitamin 4 from shark liver oil per 1C0 grums of diat
(oculvalont to 268 microsrams of carotsnei. Mowsver, tho
3ge proiuction they obtainsd on zll lavaels was not vary goode
The hichest lsval fad was 063 miorograms of cesroteme psr 10
gronsg of faed, Thoy recommend a vitamin 4 potensy in ths
diat of 460 I.Ue par 100 zrums of dist {equivalant to 396 i
miorograns of oarotonsls

3illiaﬁa ot al (1329 ) have shown that =whsn the hen's
&ailg‘raaion contains 2920 micrograma of caroione, fsd in the
forn of—alfalfa leaf meal, tha dled is adeguate o maintain
f‘?ﬁe woight of the hena, xeep up a falr eageg produnciion, apd
prevmt the incidonce of defi:lency lesions in the throat.
This cuantity of cesrotaene was sufficient to obisin zocd hatche
aﬁility. Than the daily raution of ounrotane is increased to
50C microgramns, a 2lizhtly hichoer ogs produotiosn waas obitalned;
howsver, thore was no improvement in any of ithe other Lfaolorse.
These authors belleve that there 13 no rslation between the
rateiof hatohabt1lity and vitamin 4 4n the hen's diat when the
lovsel of carotene in tho daily ration is suffisient to maine

tain ;001 health.



¥ith et al (1939) assayed the yolks of azZss for vitamin
Ae They also inoudeted oggs Lfrom tha game source and assaysd
the whols shicks for vitanln A, The résﬁlta of these aasays
showad that there was vory little difTersncs bsiwzen the vit-
anin 4 sontont of the 3gss prior to ineubation and the vitanmin
A ocontent of the bedies of the ohicks. 48 a poszible explana-
tion, they suggest that in the developings ambryo vitamin & is
not dsstroyed in snbryonis metadbolism. Howevasr, after apply-
ing a atatiatioal analysis to their data, $thgy stata that the
maximum utilization of vitamin 4 during enbtryonic dasvelopmont
ia 80 I.W. (43 miorograms )

Beumann et al {1939 ) reportsd thet ths guantity of vitamin
4 used during smbryonic develepament is guite large. Thelr ogg
analyé&a are reporied in amicrograms amd thelr chickx anslyses in
blue unlts of vitamin A, They obtainz:d a oconversion wvalue of
£1ve blue unita sqgualing one mierogram of vitanin A when thay
ggyaﬁ a fish liver oil a3 their zource of vitanin 4. On the
'éthar hand, they stats that for such erude material as chick
axtracts, the sonvorsion factor may be that one blue unit aguals
one miorogram of vitamin A. Using the formar convsrgion walue,
tha loss during ineubatiocn varied on d41fferent levels from 91
to 138 nmiorograna. If the latter conversion value is corrset,
the loss of vitamin 4 ranged from 14 to 86 miorograms,

_Sherwood and Frapas (1240) have concluded that the vitamin
A rs&uiranent foxr birds which are producing 9458 not intended

for inoubation is 450 miorogr=ms of carotene (750 I.U.) per
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100 grans of foed. They thon addsd 50 midrograms of carotene
to thia figure for a safety faotor,,thns roconnending 5GCC
nisrograns of carotene (833 1.7.] per 1é§ grans of faeds. They
also gtato that the rogquirsnent of vitamin 4« by hens to he
usad for brasdiag »urposss 1z 880 miorograns of carctane (220
I.7. ) por 100 grans of faed, and again allowinz & safsty fooe
tor of 50 miorograms 0 oarotene, thoy racomuand 500 milorograns
¢ curotene (1COC I.U.) par 120 gruas of @lcot.

In tha first place, thiese workars did not have any bLirds
on 3 450 or a 8900 misrogron leval of carctone intnxe. Ifhey
thergfcr@ nuat have interpolataed these valnaes fron thoir data
ahich ;hows et tho sxperismantal levels wore 225 and 300 alero-
arame in ono sarles of experimenta and 200, 400, and 300 micro-
grand in an;thar experinsnt. 1t 13 diffisult to undersiand how
a single wvalue sould be interpolatad from as wide a range as
400 to 300 micrograms with any deograee of accuracy. Tot, the
aythors intsrpolated two valuee for two diflerent functions,
Mﬁétchahility and agg production,s How thesy dscided whioh roequirsd
the greater valus was not indioated. Jecondly, betwoen their 400
and 400 miorogranm groups Shuras is only four perscont diffarsnce in
hatahabilisy which 18 not a Lig onouszh differsnce to be conzider-
34 sionificants, «nd fuwrtharmore, in thair table 14 they show an
averags of 8847 p=r gent hatchebility on a 300 microgranm level,.
Zhig value 45 as hizh as the value for hatchability which they
obtained on tha 500 niorogran lsvel. Thus, from thelr data they
hava no baals Tor tholr figura of 550 nmiorograns of oarotone ay

the raequirenment of vitamin +« for hatchability. Thirdly, *hey

claim that the hatohadility recuirement ia greater then the agg



Produoetion requirements Their data indicaten ihat thers may
be a significant differsnoe in the sig éraauatisn on the 4CO
and 800 miorogram lavals ¢f intukas, &li éf which would gsen
Y0 indicate that the woriz they have dons sup-orts tho. thesis
that the sgg producation reoegulirencnt {3 as sreat or sroster
than ths haﬁcﬁnbility recuirenont.
Polk and 31po {1940) present data 1a Lhselr paper for 2
three ysar sxperinment with hens on a lolly vitanizn ~ intaXe
of 120 Zherman - "fanssll units for one group zand 1247 herman-
Munsell units for another group. The dabta contalng the mumber
of eggs'producad during the throe year pariod anrd alazo the
nuﬂhaQ of aggo sob, 258 fsrtilla, and 2hicks hatchzde. From
Jtnts data 1t 1s possills to euloulate the p.r cont hateh of
far;11§ aggéifér sach yorr, These ars prosantsed in tabular‘
form (tabla 1).and show that thoe differsnds in per csent hateh
o? fortlle exzs sot i3 very small; whoress ths per oent 4i2.
faéenaa in 235 production i3 quita larza. <4404 signilicanca
éé& bo attaochaed 3o thaese Ligures beoauge of tha large nupbers
of egss involvaed, Thus.,a conclusion whicsh could be drawn {ron
this‘éork 13 ‘that tha hotchubility rnﬁuiramant of vitanin A i3
not groeater than the 2gg produciion reqcuirement; howavor, this

point wos not brought out LBy the authors,
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UI3LE I

DATA FROM POLX AND SIP3 (1940)

: Hatohability ; Par aent
xperinmental : 130 Units : 1240 Units . differsenoce
Yanx : per day :  par day . in agg
. . .  Pproductiun
L : 8Ye2 3 ?‘3:8 b :5..5
2 « L1 7503 N ?805 : 59.3
3 : ' 720 : Tle2 . : Jdad

This lissraturs revisw showz that there is u rsascon Wiy
thers 18 so mmoeh confusion aa to what the true ralationship
1 bBetSwoen the vitanin A reguirenent Zor ogg proiuotion and
hatohabllidy

.snotler phasa ¢f the work raporitad heras wss undaertaken
because of Phillipfs rscant report (1940) thet bulls whioh
had'a chroalo aviiaminoeses 4 also had a lowsring ol the blood
plasma aasoibic aclde UOtherctissuzs wers also deplated of

normal quantitiss of asoorsic acid. Thus, Phillips show:d
that éhgre 1s a relationsnip batwszen vitamine & and € in
;aé@tla,

p Cattle gun synthesize thelr own vitanin ¢ whon they are
not vitanin A deficisnts The following roporits ars presented
asia#idanea‘thnt tha fowl %00 ozn syntiesize vitania C, Hart
4t al (19322) aonoluded that the guantity of vitamin C prssent
in cureal grains and the skin milkx usuelly present in the
fowl's dloat wes suflioclenmt to supynly its nosds for thla distary
asgsentiale In 1925, Hart 2t al reportod on ‘urthsr wori on the

assorbio asld rocuiraments of the fowle They found that chicks
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fed purifisd food materials devold of vitamin C 4id not devel-
0p sourvy. The livers of these chickafwere assayed for vita-
nin C by the guinea plg fsedling method‘dﬁd warce found to con-
tain a good supnly of vitanin C. ©Cne gram of chicksn livoer
daily cured scurvy sufficlantly so that a slight gain in
waizht was.méde. Three grams of livaer d4ily in the guinsa
pigt's diet ocurad seurvy at once. Carrisi ana Hauga (1925) also
found that tke livers of chlokens which wers Ted a Tiet de-
ficlent in vitamin C were adblo to prevent scurvy in guinsa
pigs. Thsy thsrefors concludad that 1t was guket poszidle
that the fowl could producs vitamin C im its metabollism from
substances not available to the suines pizg.

Since the fowl likxe the cow can synthaesizo vitamin C,
it would balof interaest 1f a similar relationship Vetwsen the
A and C vitamins oxisted in the fowl. An experiment to do-

-

termine this point was undertaXkzn.
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PROCZEDURS Coe el

In all of the exporimental wnrk’waigh was canducted, the
hons were confined %o a laying butiery. 3ach hen had its own
oaIae Thus the eggzs wera antonatioally trapnestoed. ~‘,!:he bat-
tary was stationad in tho hen batitery room of ths poultry
building. This room 13 subject to some héaéing from the heatf-
ing system in other pards of tho bvtuillding. Tha hirds weore ax-
posad to artifisisl light twenty four hours sach daye Faritile
8ges wara producsd by means of tha artificial insemonation
teechnice The hens were insencnated twlice weekly with a dose
of O4lecaz. of scmone

2 were colleoted dally excent during the hot sunner
montha whon they woere collected twise daily. «4ll eggs wors
gtored in a refrigératofrat aporoximately 50° P, until they
wore ast in the inoubatér; The esxgm were sat in weexly
lhaﬁchas. Thus, no sgss were stored for more than za sevan 4day
3pégiod prior to being incubatsd. On the sighteenth day, the
IZTI Were t:ansfarrad $tc pedigrse baskets and plaged 1in the
hatching unite “hen the chicks had completed hatching, the
mnmbaexr of chicks hatched from the eges of @soch hen was recorde-
eds The sggs which did not hatoh were brozen and a rocord mads
of the infertile esos and the day of 4death of the dead omnbryos.

The initial dapletion expsriment was begun in Hovember,
1940.: Thore were twenty 3arred Plynouth Rock hens in the ex-
periment and thoy wore fed 2 vitamin A deficient dist{tabdble II e
Four of this number were aslected at random and ware used ag

the control birds, Thosa control hens were Jdossd twlce waekly
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with 240eCeCe 0Ff a c0d liver cil coniaining 2250 -1500 I.U. o
vitanin Ae Dpor grame. In Junucry, tha cod liver olld was changsad

to a vitanin 4 o0il which had a potasney of J700 I.U. par IPsile
TA255 IT

THY VITAMIT A DIPISI AT 213

“hites ocorm 46 1lbs.
Fheut bran i "
Bhaast flour midilings i 0"
Onts 15 "
Pri=d gxim nilx i -
Casgsin 3 "
Sround oystar sholl 3>
Yoeast 2
. Bone meal b
Salt b R
Hangsanous sulfate 12 grams
. Daelsterocl b S A

o

The second aéplatidn axperinent was begun in Jmuary, L24l.
In this_experiment thars ware elsven ysarling orossbred hense

0o of thsga hens were 2electod as controls and ware dosed with

3

éﬁé vitanin 4 01l as in the previona experinent.

A third denlotion experiment was staritesd in Jualy 1841,
Thers wars twolve hana in the experiment and no controlz., This
exp=rinent was run simaltancoualy with an eoxperiment in which
thres groups of hons were fad the vitamin & deficisnt diot supe
nlemented with tlhreoe levels of carotens raapectively. Thare
were twelve birds in cach groupe The carotons was put in Feasson
0il g8 a carrisr and added %o thé Al at o that tho threao diets
sontained 3560, B850 and 750 miaorosrans of carotone per LU0 grans
of di2t rsupsotively. MMmrall threa dlets the oil was added so

that 1t compossad one por cont of the dilat. Ll oarotcecne was
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was added only to small datches of food at & time and these
wore hold in a rofrigerator ad approxiﬁntely 400 p,

In ordor to obitain a response stimalns which was dirocte
1y related %o ths carotene content of the diets, the dirds
ware maintained on the daficient dlet for oisht weeks beforae
velng plaéed'on their sup-lanented dlets. ' " nly a 4ays sup-
nply of fosd was plaaed'befara the hengs after they had begun
the ninth wock of the experiments, In thiz way, dastriction
of the eszroitane wag Zapt dowm to 2 mindmume.

Thiz hen experimont was ocontinmed for Sthirtyeslght waexs,
“hen the experimont was taminated, four of the surviving hans
in each group ware Xilloed and their livars were asassaysd for
vltamin As  The method of sasay i3 the one used vty Rubin et al,
(1941 ). |

% wan thought desirsble to dstermine what the livahility
wculakbé of the chioksn 9rodﬁeeﬁ Wy hens on the diffaront lovsla
,?q£~carctana. Thoss chicks wers dDatiery broodsd for four wosks
in & roon lseated in the poultry duilding. A1lY of the chigks
in eaolh hatoh were placed In the same dsek of the dadtary;
tﬁar;fora, they wara subjset to the same oenvironmoental sondi-
tions. They wers fad the Yarylsnd Ixparimeont Statlion iash
(tablo IXI)s A racord was Xopt of the day of death of gach
chliok which died up to the snd of the fourth woake The mortal-
ity data of the first twenty-throe hatches was recorded. The

f4rst 3ix haitohas in all thraa grouns were from aggs Hroduced
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whils thg hans wore on ths vitamin A daficient diot without
any vitamin A supplomentas The succecdins hatches came from
agra laid aftor the dlot was aupplamanﬁe& withh the three

lovels of carotuno.
TARLY III

MARYLATD STATICH MASEH

round ¥& yo.llow corn BUO 1bBe
Yheat bran aon
“alte flour middlings 300 "
Sround heavy oats 3c0 ™
Soybean oll meal 1i0c 7
Alfalfa loa? msal 100 ¢
¥eat soraps (500> proisa2in) 130 #
™Msh moal 100 ¢
- Dried skinm nmilk is¢c ¢
Jtraizht sod-liver oil 2 "
Ground oystar shall ic °
salt 0
%, "

Hanganous sulfate

In Dotober 1941, a fourth dsdletlon oxperiment was
starteds This sxperiment canaisted of twenty-elght Columbilan
*}Rock pulletss Some of these dirds were xillzd when they
showad vitanin A doficioency symptomss Tholr livers wer2 ag-
sayed for both vitanins & and C in order % determine whethsr
or ﬁét a aiﬁilar ralationship betwean thess vitamineg exicted
in the hen as was shown t0 Lo the oase for satilee At thae
suggeation of Dr. Jule Svirdbely of the HNational Institute of
Health, the duwodanum portion of the intestine wes alsoc asaay-
ad for ;itamin e The method of assay 1s the one used by

Dre Svirdbely for rat tizsucse.
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TABLA ¥

DATA OF DUPLIDION ZXPRIMENTS III A0 IV

19

éxperimant‘ YeeXsn * Humber: Per vent - Per Jent® Iumber
P on 2 SR 7 * Hatoh ! of
Sumber * Deplestion’ 3Iggs * Frodustion: of : Eena
: : Igi4 P Fartile ! Dla
i : ’ Pougas :
3 to 7 195 334  Tle3 0
3 7T to 11 - 182 852,06 7468 0
11 %0 1B 106 3749 83.8 1
15 %o 19 44 1743 Tle4 1
7 o 1 257 D248 T4ed 5
TA3LD VI
RS PAOOTITION AN ILATCRADILITY DaTA
FOR HTE SUPTLIYD CaROT-HY IN THD DIAT
T Doy unt For.ont
- . L Production  Hateh of Fertile Hggs
Period Hilarograns of Jarovens per 100 Jdrams of Dist
. 360 _ 530 750 360 530 750
July 21 to :aug. 17 3?;5 390 304D 71.1 5040 7TleC
Ange 18 to Sent.ld 44.5 48,2 4347 5249 Tle3 754
depteld to Oote 12 38,0 Y- PR4 4561 B840 7228 798
Date 13 to Niv, 9 474 3lel 57«1 T8 T4e4 TTe2
Kove 10 %0 Deocs 7 4049 ‘ﬁvqg 8363 8844 T8e7 Hle0
BBO. 8 to Jan. 4 2he3 32a1 49;4 84,9 60*3 84:‘5
Jae & to Fabe 1 2740 24ed3 4147 89«7 B8.4 B81l.9
E@bd‘ 3 %o M- 1 24,7 31.4 40.0 89,9 82,8 770
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three ocases in the 350 micrograa group whish had only a trace
of vitamin A in their livara. The hens from the 550 and 750
miorogram groups contained vitamin A 1iver stores in relation
to thu carotene content of tholir dlaia,

TABLE VIX

PHE VITAMIN 4 ASSAYS of THT H7NS 71D CARGYTHD

Jdver Blus units Blue unite
Garoup Han waight, of vitamin A of wvitanin A

noe grans par gran per liver
250 173 D840 trage traca
136 S4ed trace $raace
204 4845 trage traca
' . 201 89,0 90,0 261040
530 233 8045 14245 71860
159 4840 S50 158060
2344 4548 2540 432245
S 4060 140.0 5600.8
750 203 585 i Je Ny 94040
207 - 450 8540 Z8E2540
158 43¢0 17848 T417.5
R 147 370 - 131.0 TC5T«0

The weekly aoritality of saoh of the ihree groups of
ohieka havs bsen tavulatsd raﬁpéctively in Btadless VIII, IX,
and %. During the middle of the sxperimenial period there was
k.greht'inereasa in mortality in all of the groupss This nore
tality was dlagnosed %o be dua to gnaﬁmonia. However, toward
tho latter »nart of the expaoriment, the xmortaliity wus reduced
somewhate The total mortality in sach group was respeatively
2947, 3248 and 34.5 per oont. The graeatsat mortality csonrred
dnriné tha gsesond weseX of the first and second groupns, #hila

the first week had the greoatant mortalisy for the third groude.



TADLY VIXI B

MORTALITY DATA OF GHICKS FROKM 350 NICROGRAM GROUP

Hatoh To.of NMed Med Disd D1ad
Hoe Chioks First Jegond Third Zourth
BETY A v gal  Took Feek
T ;3 T K¢ ¢] g
2 19 1l e C C
3 20 - 1l 3 2 . 0
4 18 0 0 0 c
8 19 2 ] 0 0
6 25 0 0 1 0
7 15 0 4 1 0
8 27 0 9 7 0
9 2 4 6] 1 1
10 18 2 8 7 1
11 14 2 5 1 1
2 20 2 3 3 1
13 23 -2 8 3 45
14 ., 14 0 2 2 1
15 20 1 0 C O
15 20 1 2 0 0
17 15 0 1 ¥} 1
18 2 . 0 0 1 0
1g 14 o4 0 1 0
20 135 .0 0 0 1
21 1g 1 1 3 0
22 5 o - - 0 0 0
23 ~ 14 o] 3 1 2
Total
Ghicks 394 21 82 33 11
' ?<§'x'
- Gant
Hortal-

ity 29.70 De33 13420 8.38 SeT9



TABLL IX

MORTALITY DATA OF CHIIK: FICM §86 LICHOGRAM OROUD

Hatah Noe0f Head Med Diad Diad
Toe Chicks First Jaoond Third Fourth
Yaak Hoek oak Yook
1 9 1 0 0 0
2 17 1 1 0 -0
3 9 0 1 0 0
4 12 1 3 1 0
5 21 2 0 0 0
3 31 o} 5 2 2
7 17 0 8 B 2
8 23 8] 8 3 0
9 17 0 3 3 0
12 20 O 8 4 3]
11 23 Q 6 8 1
13 25 2 7 6 2
13, 1 23 2 9 B 1
14 19 O S , 0
18 21 0 4] 0 0
1ls 20 0 1 0 2
17 12- 1 1 0 0
15 13 0 0 1 0
19 14 05 B ¢) 1 0
20 13 o 0 1 1
21 8 4] ] 0 0
22 "8 0 1 ¢] 0
23 2 0 0 4] Q
JTojlal
- Chiaks 378 10 62 41 11
Paxr
Cant
Hortal~

ity 32489 24685 13445 10488 Jed4




T.352 X

MORTZALITY DATA GF CHICKS FRCM 750 MICROSRAM GROUP

Hatoh Ho. Roe.of Diad DMed Died D1e0d
Chickd Mrat Snaond Third Fourth

Haak T aale S ARK Faoek
1 11 2 (0] 0 4
2 . 21 0 2 1 0
3 17 1 2 pR C
4 a8 -1 5 0 0
5 18 h X A 1 1
8 24 0 0 3 8]
7 13 3 8 1 1
8 21 10 4 2 0
9 23 8 3 2 0
10 29 3 4 4 o
11 31 8 3 8 0
12 35 7 8 7 0
13 33 ) & B 3
14 30 o 7 5 C
18 33 3 0 1 0
13 21 4 o 0 0
i7 ) 32 10 0 0 0
18 30 4 3 1 ]
19 25 3 2 1 0
20 30 4 1 1 1
21 38 6. 2 0 3
32 - 21 1 1 0] 0
23 3L 0 1 2 3
. Total
“ Cnfaks 810 91 34 44 12
Paerdent

Hortallity Dhe 9 14,92 1042 TeZl 1,97
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T4 was also thought advisable to analysé the data during
the portions in which the mortality wné qpt vory largee. The
periods uscd wero the first six and last sixz hatches. The
par cent of portality in all three groups Jor these two periods
arqe tadulated in tadle XI, Tho mortallty for the first six
waek period fbi all thres groups was respoetively L0.2, 20,2,
and 19,8 por ocents for the last six wask poriod 1t waz 1.7,

Betd and 22,0 poxr cante.
TABLE XI

DATA FROM CRICK HCRTALITY “XZ2 RIMIOT

Par Cent Diad . Tatal

Hatch Hoeof First IJseaond Third Fourth per aent
tronyp RO ohicics woek waegk  wWeax we gk died

¥iarograns . -

380 1.9 A08 4ed 2.8 248 00 1042
18.23 78 _ Le3 Hel Sed 3.8 1o47
580 | 1-3 99 Sel 10.1 360 2¢O 2043
- 18-23 58 00 17 Sel 1% Bad
50 1=5 113 4o D5 5.2 Bed 13.8
18.23 isz2 %9 Sed 2aT 4.8 2340

Chaervatlions wero made in sevsral ozses in order to daoter-
nine the relationship between the mdoroscopio appearancs of
puatuiés in a vitamin A deficiant hen and i4s deathe 4lso, in
two onses, hons wors dossd with a vitanin A oll ¢o deternine
what would happsn to tho pustula conditisne #From the standpoint
of bdorderline vitaminy A deficienoy, information of thia kind 1=
of intersct.

Thare iz rolatively a considerable length of time betwaen

the first mdoroscopic apposrance of pustulos and the doath of
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PABLT XII

VITAMIA & AND C AZZAYS CF LIV-R AED DUCDIFNUM

gs O per BeUepor Tatal <€ 3. 0 per Total ¢ in

Hon smelivaer Jaelivar In liver gme duodeonun
o, ¥ 18 duodaenum miTe
104 0. 0998 190.0 400419 Cel718 149753
87 De 21O 22040 11.56380 Deldl? 1.2935
ZeTal 0a2574° - 18,1852 Oe2507 27727
Sellel 041370 - 344997 Qe2784 2.5050
3427 C.14585 - 748529 0.0818 048545
33z 0o 25858 Cal 10,8830 0e 2177 l.95892
321 2524 tragca 73190 01752 140810
323 0+31067 trace 541307 041532 1.5321
328 002085 CeD 1745140 041381 1.8340C
337 Oel442 D40 54014 Ce 1590 1.2720
336 061811 trace 544330 Celo4ad l.5480
380 Qe 2015 - T« AT03 Qe 2040 23050
343 042532 - 9,11328 Cel859 248590
240 Ca 2809 - 13670641 Qe 2397 1.5880
381 0. 2293 Ce® 8.2548 02727 27270
348 0s 2960 D0 1343200 Qe 2270 1.58%0
344 Cel725 - 343692 Del326 13278
354 Ce 2124 - 844304 Qe 2856 22 2900
3245 De 1984 - T« 0854 0el843 19535
325 De 2154 O 8409004 - 0Q,3752 1o 370D

-

* This Dird was daead for not more than two huurs before tho
tissnos werg assayade
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DISCUSSION

-

The literature which has been-o_ité‘d defiﬁitely shows that
our knowlsdge of tha relationship beﬁweeﬁithe egz production
requlremnent and hatéhability requirement for vitamin A is in a
very confused state. Also,the early work done with hens in
vitamin A research was probadbly complicated, wlth riboflawvin
deficiency. In much of this work, a planﬁ source was used to
gsuphly vitamin A potency to the basal diet. Thers is the nos-
sibility that some of the imvprovement in hatchabllity obtained
in these early reports may have becsn due to adied increments

of some other eszantial necded for hatchability. This wounld

K]

be narticularly trus in those oaseg where alfalfa leaf meal

F

was the source of vitamin ) potency. In some cases, added con-

[

fusion was céusad by the drawing of twe liberal conclusions.

The original »urpose of this work was to attempt to deter-

mine how=chick enmbryos will react tc vitamin A deficliency. 2y

obtzined

47

th%s maans, 1t was belisvad, more information could D
aggut how vitanin A functions in‘the orzanism. nowledsge of
this Zxind 1s lackinzg in the liferature at ths present tims.
The a®4enpt snded in failure, but as a result of this experi-
ment, a better undsrstanding of the relatisnship betwsen the
agg production and hatchability recuirement has been achisved.

Then a hen 15 placed on a vitamin 4 de?i-isnt diet shz is

dependent on her btody storzs for this nutritional essential.

Payneuand Hughes (1933) have stated *hat a hen on a vitamin
A defizient diet behoves normally for cuite some time. The

affectas of the deliciencr will cansze a sudden decline in the
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general health and physiological condition of the fowl. This
is quite true; however, there i3 a relativeij considerable
length of time between the first mécrdsgbpio appearance of
pustules and the death of th: bdbird. This tinc avemaged about
a month. It was frecuently observed that the birdsﬁhad a
fairly good .general appearancs up until the latter nart of
this neriod. Then, they lost a consideribie portion of their
body welgsht.

The denletion experimeants reported in this thesis nave
shown that when a group of hens are nlaced on a deficisnt diet
there 1s a gradual reduction in sgz production. This is be-
cause All the henz in the group 4o not tave thz same body con-
tent of vitamin A, Also, some hens probably use the vitamin A
they posxeés nore =f telently than others. Thus, Tor the in-
dividual heﬁ, egys production is maintained at a fairly uniform-
lovel. + 45 the bird goss into the vibamin 4 deficient condition,
858 production drons ranidly and then finally ceasaese.

3 There is a certain cuantity of vitamin 4 whizh a hen ns<ds
for normal maintz2nance and production of the maximum number of
eggs. sShe 1s genetlcally capable-of producing. During the pro-
duction of an egg, a vortion of the ingested vitamin A is de-
ppsited in the yolk. The guuntity deposited 1is depsndent on
the amount in the diet. The embryo usss8 the vitamin &\ in the
egg during incubation. If the quantity present was not large
enouzh, the embryo wo:ld die from vitamin & deficieney. Thus,
a hen's vitamin A requirement for hatchability would vbe great-

er than hen egg production reculrement. “Then the hens in this
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exparincental work woro plaged on a deli:lizmi diet 14 was found
that thore was a dse clina in ags » “oiuc*icn wut thot the par
cant hatchaaili“" ramsined fulrly constante Thoeraforse, bhe
aggma whilth wears Jsroiuzed nuot hava beon guﬁtliuﬁ,xizh maush

vitanin & from iho bDody stores of Lhe aon Jor enmbryonis growih

davalopaisnt. “hen thoe hoent's sup-ly of vitamin 4 was de-

plated shs stonrred layling eogese However, ths last egas sha

iy

1a1d hatched fuixly well, Hith theuse rosulits, 1% ia resson:bls
to haelioevs that ithe vitamin o recalrenmaoniz o7 ke entclk smbry

B ¢! ﬂuite aminlle «@lgo thae wvitanmin o« raeiuin:

b}
¢t
&
A
o
H
G
\,z;.’
Oy
13
'j
I
§

dnesdion s aa graeand or graadcer than tho hotohabtlilisy rsculre-

+

- =z 7 I’ N o % Y o . T R e - o tad 2 1 y 3
nent whom fens are doyensdant on thelr body storas of vitanin de
aF

U P T . -3 Aoy | B - . 1 .. PR & - % %1
TAr: Wwos e twossiility oot 1 osindllisr ralationzhip 414

A
-

not axist whan hens were balrngs gupnli=d wiilh o aarginasl leval
of carctone in the dists, The sxperilaent ln nhdcsh hemns wers Do
Afats containing 5850, 552 and 750 mioro.mans of anrotena par
L“C seens of 130t mus andariakon o lafevnine what the oondision

W
w3 ¥hon haoms wers suppliiocd wiith a vitanin A gour

ges From Lo
axporinent, 1% appsars thet shore is a rolatisnsblp betwesn ralae
of é%g arodmasion and viitamin o« porency o the dlats I is tmus
that the 350 misrc.ram ground is sonewhat out of ordsr but ihs

AL 279 dnoe Gatween the 367 ant 730 alorogranm groups 1o siniTi-
sante In addition, since smch o situation ces 2xist, 1t showa
that thare 1s a difference hetweon the hen's vitamin & raruire-
sant Tor malntonance and har rocuirsoont per 2oy rodustion.

Mis noint hax csen s W DY mravious WOTrK:rSe

96927
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Thars was no difrercnss hetwesn the HRBohalbilisy of the
350 and the 750 nizroarmn Sronng. .iﬁ this onge too, the 530
nizson,cram ooy wig out of ordor,. Thuéi hatenhnvillisty was not
rolutad o thes vitamin 4 In tha ALast of the hsn at tho lovels
fale This experiment checxa tho dajplotion aomerinentass Thurc-
fore, the egg production roculremsnd for wiitanila o is ag orest
or sraater than the asg Jrodnction requirssent when visamin -
i3 supslisd in 3ho Ai1st in ¢ form of orvaialllne aurotonc.

S hon s Just at the thrashold of wisamlin . d271:imey
when she 10 fad a visenin o dofizdlont dizt whish 1z cupalemanted

a3 A P
£ diet under Lo

£
(o]

with &?Q nizxrosrans of oarotene poxr 100 grams
eondlitione o stho dsscrid: @ oxperinsenie The rasulds of tho
liver asoaya of the hens which ware fad 3i0Csraent lovels of ear-
otang dafiﬁizaly 1llastratas thls point, since thres out of four
0f the rang in this gzroup had only a trazo of vitanin »~ ina
Liva gé%m somplee Ihizm infowmaticon adda sreoator aignificusncs

éé the hatehablllity reaulis odbtalned 4n this hon experinonte It
ghows that at bopder-lins vitanin o nuirision, 2 production

-

13 affactad ¥ut that hatenadlility iz nod any i rerent from thal
ot ﬁ;na witﬁ.r@asonably 7004 gstoras ol livor witamin de
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CORCLUSICHS

ls The vitanin A requirement ror egg production iz as
roat or greater than the hadohability requirement when the
ole sourca of the vitamin {s that whish 18 vrszent in the ‘
an*Scbodye .

2. The vitamin A requirement for agg prd&uction 18 as
éaat or grsater than the hatchadbility faquirement when the
en 1a}fad orystalline carotome in its diet at levels high
noagh to srevent vitamin A deficiconoy symptoms from apreare
nge

3. Tha lbovel of vitanmin A in the hen's dist whieh is
ssential for maximum égs pradnszien is slso sadecquante for
vod livabildty of shicks producasd by these heonse

4, A significant difference was not found betwsen the
itamin ¢ eontepts of the liver and dnodenum of hens which
ore vitamin A defiocfent and those which were normale The
f¥anin 4 dofioient dirds possoszed no storags of vitamin A
A thedir livers while those which were mnormal had hizh stor-
ge valuste ; ‘

5. The Aduoderun of the fowl contains relativaely large
nantities of vitamin C,

33
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ABSTRACT

There are a great many conflicting views in the literature
on the relationship between the vitamin A reguirements for egg
production and hatchability. As the result of(experiments in-
tended for an altogether different stﬁd?,;some information was

obtalned whlch tends to explaln the true condltlon in the fowl.

S SN e T e

Hagq were placed on ' a vitamin A:aotigiant aiat¢ ‘Thetxr sql@f
sourae of yitanin A wag that which waé presept’in tﬁnit bédieé.'F
The eggs?praﬁused by these hons wore incubatéd and it:wgs found
_that the hatohalility was relatively good, aven the lést oggs
Aprodngedfhﬁtchad woll, Howovaxr, sgg profuotion pesaﬁd 3ua§
pravicus to the onset of vitamin A4 deficioncy symptoms. vIt was
also tbnnﬁ that hens which were fed carotone a: the only'seurce
of vitamin A at a8 bordarline leovel proﬁucaé,agﬁa which haﬁeha& ’
ljust as well aa hens fed at highor laevels of aa*abeaa‘ Tha hens
vhiich ware fed the highor levels of ocarotena laid aggs at & -
highor rate éf ;ro&uotioﬁ. It wcald nppear from these experi-
mahts that the vitamin a raﬁniramaut for egg'gnaﬁuotian is an ‘
grsat o greater than ths vitanin & reguirement fbr'hatahability.

v Asaays for vitanin C of the liver and andannn froa hens
which were vitamin A deoficlient revealsd that those organe pos-
gsessed as grsat a gtcre of vitamin C as the organs from hans
whioh were not vitamin A defioient. Thus, the vitaain A and C
relationship whioh was found in oattlo does not exist in the
fawl.»



