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urrRODUCTiau

There is a considerable degree of discord in the litera
ture as to what the actual vitamin A requlremant Is for egg 
production and h&tehability* Thera scene to be a common agree- 
mont that the Vitamin A requirement for hatohability is great
er than that for egg production* In popular dismiss ions, one 
will frequently hoar that the breeder aa&h should be supple
mented with more vitamin A than the laying mtslu Therefore, 
taking the egg production and hatohability requirement relation
ship as a fact, It should be possible to pro duo a an egg which

f
is deficient in vitamin A; that is, an egg which can be produced 
by the hen because tho vitamin A requirement for egg production 
is satisfied though that for h&tchablllty is not* ~*ith egg3 of 
this vitamin A content, it, should be uoosible to make a study of 
how vitamin A enters into the metabolic processes of embryonic
foliations* Since these eggs would be deficient in vitsmin A,

\  *• '
/•some malformations would be likely to develop aa a result of 

this deficiency, and therefore, the embryo ahould servo as an 
fxoollant î eans of studying how vitamin A actually functions in 
the coll* This finding would be of importance because very 
little is known today about how vitamin A la us-ad by the orgfin- 
ism*

Therefore, it was believed that if a group of hens were 
placed on a diet which was deficient in vitamin a , tho vitamin 
A in the body stores of these hens won Id serve aa the source of 
supply of this vitamin for the carrying on o maintenance and



&

egg production processes* va these atoraa became depleted* 
the point would be reached where eggs would be produced that 
did not hare enough vitamin a in then to enable the embryo 
to go through to a normal hatching* fhls point could be de
termined by incubating all the egg a produced# *he» the per~ 
cant hatchability began to drop* it would indicate that the 
time had been reached where eggs were being produced which 
did not have enough vitamin a for hatchability# Thus* a more 
careful study of the early embryonic development of eggs sub
sequently produced could then be made# knowing that these eggs 
ware deficient in vitamin a for hatchability#

twith this hypothesis* a group of hens were placed on a 
vitamin a deficient diet in order to produce eggs which did nob

A:contain enough vitamin x for hatching* This depletion experi
ment was carried out and then repeated* as a result of these 
experiments* it was found that the eggs produced* hatched well* 
In fact* the hens laid eggs until they became vitamin a defic
ient and died* but their o«ggs hatched well* even those that 
were laid last* with this Information at hand* it was concluded 
that there must be come error in the information on which the 

hypothesis was based*and that the hatchability requirement of 
vitamin A cannot be greater than the requirement for egg pro
duction# A critical review of the data in the work reported 
on the requirement for hatchability has explained some of the 
differences of opinion# Also* the experimental work reported 
in this thesis tends to explain what the real situation Is In 
regard to the relationship between the vitamin A requirement 
for egg production and hatchability#
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LITiSUfUSV-2 H

Bathko et al (192?) wore probably the first worker a who 
showed that there was a relation between the vitamin a con
tent of a hen's egg and the vitamin a content of the hen's 
diet* However* the stage of vitamin a exper lmontation had 
not reached the point whore a high degree of quantitativeness 
was need* Their finding was to the of feet that cod liver oil 
in the diet or blue grass pasture caused eggs to be produced 
that had a vitamin a potency which was several times that 
which was produced when the diet contained thirty per cent 
yellow' corn*

Probably the first attempt to put the vitamin a require
ment of henfc on a quantitative basis is tho work reported by 
Sherwood and Fraps (1932)* They fed hens at a level of 270*
120 and_zero Sherman - 3£un&ell units of vitamin A daily.
They found that the best results in egg production was ob
tained with the highest level of vitamin a intake. Some data 
in their paper tends to convey the idea that the same trend is 
shown for hatchability. However* no conclusion was drawn from 
this data*

Sherwood and Fraps (1934) reported some additional exper
iment s they had done on the vitamin a requirements of laying 
hens* In these experiments they used higher levels than In 
the previously reported experiments. They fed their hens daily
224* 334* and 444 Sherman - Hunoell units of vitamin a potency* 
In these experiments too* tho$ found that there was a relation 
between the rate of egg production and tho level of vitamin a
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intake* This was also their finding in the-mse of hatohabil* 
ity* The test results were obtained on thoir hipest level for 
both these functions*

In 1935 Sherwood and i?“Vaps repeated the work they had done 
In the previous year and o&ne to the conclusion that 600 
3 he man - ifudsell units per day was necessary for laying liana 
which were laying at the rate of 130 eggs a year* This was the , 
desirable Intake if the hens wore to lay eggs which had a high 
vitamin A content# However0 if one did not care about the vita
min A content of the eggs pro duo ad # 340 units waa sufficient for 
good health and good egg production* There data again showed a

* t

trend as far as hatchability was concerned* The higher the in
take of vitamin A* the higher waa the per oont of hatchability*

A:

Hassell ei al# (1936) fed hens at a level of 89 t?*3*P*XI# 
unit® per 100 grans of diet (equivalent to 33 niorograias of* car
otene) and obtained data which indicated as good egg production 
a*$d hatchability at this level as at higher levels (8*60? U*S*P#IV
XI* units per 100 grass of diet which Is equivalent to 3*984 
miorograms of carotene)* The only difference they could find 
between these grades of vitamin a intake was a higher mortality 
in the chicks hatched from the two lower levels(89 and 154 
U*3*P*XI units )* Their next higher level was 286 XJ*J*P*XI* 
units (equivalent to 172 mlorograma of carotene)* Hans that 
died on their lowest level of vitamin a intake contained fair 
quantities of vitamin a in their livers* Hone of the birds that 
died showed vitamin A deficiency symptoms* a possible explana
tion for the fairly good results they obtained in egg production 
at the lower levels may be largo body stores of vitamin a at the



a
start of the experiment* tho recommended quantity of vita
min A in tho diet was 485 TI*-*P*.vI* units per IOC grams 
(equivalent to 391 mlcrograms of oaroteh®}*

Boars# and ITiller (1937) found that a diet containing 
a vitamin a potonoy of 250 ^horman - Munscll units por 100 
grams (equivalent to 210 mierograms) in tho form of carotene 
in alfalfa loaf meal yielded a hatchability of 84*5 per cant* 
the hatchability improved to 96#8 pur cant ®an tho vitamin a 
potency of th© Hot waa doubled* -*ny fur tho r addition failed 
to incra&s© hatchability* those authors state, wAlthough wo 
are not concerned with egg production in tho work herein ra-t
ported, yet it should he mentioned that the production in
creased as the laval of alfalfa was increased In the ration;

A;

thus, it appears that a ration containing sufficient vitamin 
A for maximum hatchability may not contain sufficient for max
imum production** The increase in hatchability they obtained 
with an increase in the quantity of alfalfa leaf meal added to

*> * t i
the diet may be due to factors other than carotene contained
In the alfalfa*

*Xn some preliminary experiment $, Record (1937 ) found that 
tho beat results in egg production and hatchability was obtain
ed when the vitamin a level in the diet was in the range of 360 
to 400 U#3*P* units per 100 grams of feed (210 to 240 micro- 
grams of carotene)* These workers ran experiments involving 
the following levels of vitamin A and carotene intake* For 
vitamin A, they used 160, 240, and 320 U*s*?. units per ICO 
grams of iiat* the carotene was supplemented so as to supply 
100, 200, 400, 800, and 1800 miorogrtuaa of carotene per 100



grams of feed#
The work of Alaquist and Hocohi (1939) showed that egg

production and hatohability were satisfactory on all except
tho lowest ©arotana level they used# This level* 188 micro-
grams of o&rotone, waa rawarded aa satisfactory for agg pro- 

«

duotion hut low for hatohability# Their'next level was 446 
I#U* of vitamin A from shark liver oil per 100 grams of di&t 
(equivalent to 258 mierograsis of oarotens)# However, tho

production they obtained on all levels was not vai*y good# 
Tho highest level fed was 663 micro grams of o&rotena per ICO 
grams tof feed# They recommend a vitamin a  potency in the 
diet of 660 I*U* per 100 grams of diet (equivalent to 396 r.l 
alorograms of carotene }#

Williams et al (1939) have shown that whan the hen’s 
daily ration contains 200 aicrograms of carotene, fed in the 
form of alfalfa leaf meal, the diet is adequate to maintain 

weight of tho hens, hoop up a fair egg production, and 
prevent tho incidence of deficiency lesions in tho throat* 
This cuantity of carotene was sufficient to obtain good hatch 
ability# ^han the daily ration of carotene Is increased to 
50C micro grams, a slightly higher egg production was obtained 
however, there was no improvement in any of the other factors 
These authors believe that there is no relation between the 
rate of hatchability and vitamin A in tho hen’s diet when the 
level of carotene in tho daily ration is sufficient to main
tain good health#
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£ith et al (1939) assayed the yolks of-'-aggs for vitamin 
A* They also incubated eggs from the same source and assayed 
tho whole chicks Tor vitamin A* The results of these assays 
showed that there was very little difference between the vit
amin A content of the eggs prior to incubation and the vitamin 

* •A content of the bodies of the chicks* as ,a possible explana
tion, they unseat that in the developing embryo vitamin A is 
not destroyed in embryonic metabolism* However, after apply
ing a statistical analysis to their data, they state that tho 
maximum utilisation of vitamin A during embryonic development 
is 80 I*W* (48 miorcgrana )*

t

Baumann et al (1939) reported that the quantity of vitamin 
A used during embryonic development la quite large. Their egg 
analyses are reported in micrograms said their chick analyses in 
blue units of vitamin a. they obtained a conversion value of 
five blue units equaling one mierogram of vitamin a when they 
used a fish liver oil as their source of vitamin a. Oh the 
Other hand, they stats that for such crude material as chick 
extracts, the conversion factor may be that one blue unit equals

,Aone iaiorogr&m of vitamin a. Using the former conversion value, 
the loss during incubation varied on different levels from 91 
to 138 aiorograna* If the latter conversion value is correctt 
the loss of vitamin a ranged from 14 to 88 mieroifjr&ma*

Sherwood and Ffcapc (1940) have concluded that the vitamin 
A requirement for birds which are producing eggs not intended 
for Incubation is 450 niorograms of carotene (750 I*U* ) per
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100 graas of food# They then added 50 midro^rams of carotene 
to this figure for a safety factor,., thus reoonnanding 500 
micrograms ot o&rotcne (633 I*Ti. ) per 100 grama of feed, They 
also state that tho required ant of vitamin a by hens to bo 
used for brooding purposes is 580 miorograms of carotene (920 
I*TT* } per 100 gran a of food, and again allowing a safety fac
tor of 50 micrograma of carotene, they rooomaend 800 niox’ogratas 
of carotene (1000 I*U* } par 100 grans of diet*

In tho first place, these workers did not have any birds 
on a 450 or a 800 mi urogram level of carotene intake# They 
therefore must have interpolated these values from their data

t

which shows that the experimental levels wore 228 and 300 miaro- 
gr&ma in one series of experiments and 200f 40of and 500 micro-

<4 ;

gramo In another experiment* It is difficult to understand how 
a single value could be, interpolated from as wide a range as 
400 to 500 micro grama with any degree of accuracy* Tat, the 
authors interpolated two values for two different functions,

' i  i-"

hatchability and egg production* How they decided which required 
the greater value was not indicated* Secondly, between their 400 
and 400 mlorogram groups there is only four percent difference in 
hatchability which is not a big enough difference to be consider
ed significant* ^nd furthermoret in their table 14 they show an 
average of 88*7 per cent hatchability on a 300 microgroa level* 
This value is a a high as tho value for hatchability which they 
obtained on the 300 micrOfjraia level* thus, from their data they 
have no basis for their figure of 830 miorogramo of carotene as 
the requirement of vitamin v for hatohability* Thirdly, they 
claim that the hatohability requirement is greater than tho egg
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pro duo ti on requirement# Their data indioaten that there may
bo a significant differenoe in tlie egg production on tho 400
and &00 aiorogrtixa levels of intaka* .ill of which would aoan
to indicate that the work they have done supports- tho. thesis
that the agg produoatlon requirement i3 as great or creator
than the h&f chahility requirement*

Polk and 3ipo (1940) present data in their paper for a
three year experiment with hens on a daily vitamin a intake
of 120 Sherman • Pinnae 11 units for one group and 1240 Jheraan-
bfunsell units for another group* The data contain^ tho number
of &&S® produced during1 the three year period and also the , 1
number of eggs sot* egga fertile* and chicks hatched# '̂ rom

\Jthls data it is possible to calculate the p^r cent hatch of
fertile eggs for each year* These are presented in tabular 

%

fora (table 1} *amd show that the difference in par cant hatch
of fertile egga sot is very small; whereas the per cent dif-
forenoa in egg production is quite large* Addad significance 1 ̂
may be attached to these figures because of tlie largo numbers 
of eggs involved# Tims*a conclusion which could bo drawn from

Athis* work is ‘that the hatohability requirement of vitamin A is 
not greater than the egg production requirement; however* this 
point was not brought out by the authors*
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TA3L2 X
BATA SHOM ?0 LK ABU SIP 2 (1940)

Isporiiaontal
Year

Hatohability t Par oont
120 Units i 1240 Units
per day : per day 

#

differ©no© 
in egg 

producti©n
1 " r ir 35#9 : ' 5V6
3 . . 73*3 . 7S«d 39 #2
3 72#0 ; 71#2 ■ 34*0
Thia literature rovisw show a that thoro la u reason why 

there is so zsuoh confusion as to what tha true relationship 
is ho Vara on tho vitamin A requirement for Qgg production and 
hatohability

Another phase of tho work reportad hero was undertaken' t

because of Phillip's recant report (1940) that bulls which 
had'a chronic avitaminoses A also had a lowering of the blood

<4 ;

plasma ascorbic acid* Qthori: tisanes were also depicted of 
normal quantities of ascorbic acid* Thuaf Phillips showed 
that there is a relationship bo tween vitamins A and C in 
cattle «i ' U

Cattle can synthesise their own vitamin C when they are 
not vitamin A deficient# Tho following reports are presented 
asievidence ‘that the fowl too can synthesis© vitamin C* Hart 
eb al (1932) concluded that the quantity of vitamin 0 present 
in o areal grains and the shim milk usually present in the 
fowl's diet was sufficient to supply its needs for this dietary 
aaaenti&l# In 1923, Hart at al reported on farther work on the 
ascorbic aoid requirements of tha fowl* They found that chick©
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fed purified food materials devoid of vitamin C did not devel
op scurvy* The livers of these chicks were assayed for vita
min 0 by tho guinea pig feeding method and ware found to con
tain a good 3upoly of vitamin C* One gram of chicken liver
dally cured sourvy sufficiently oo that a slight gain in 

• .
weight was made* Three grams of liver daily in the guinea 
pig’s diet cured sourvy at onoa, Carriok and Hauga (1925) also 
found that the livers of chickens which ware fed a d'iet de
ficient in vitamin C ware able to prevent scurvy in guinea 
pigs* They therefore concluded that it was gnlet possible 
that. t̂ LQ fowl could produce vitamin C in its metabolism from 
substances not available to the .guinea pig.

Since the fowl like the cow can synthesize vitamin C, 
it would be of interest, if a similar relationship between the 
A and C vitamins existed,in the fowl. An experiment to de
termine this point was undertaken.
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PRGC3MR3 - -

In all of the experimental work which was eon&ueted* the 
hens were confined to a laying battery* ^aoh hen had its own 
cage* Thus the eggs were automatically trapnestad* The hat-* 
tary was stationed in tho hen battery room of the poultry 
building* This room is subject to some heating from tho heat
ing system in other parts of tho building* The birds wore ox- 
posed to artificial light twenty four hours each day* fertile 
eggs we.ro produced by means of the artificial lnaeaenatlon 
technic* The hens were insenenatad twice weakly with a dose 
of ©*l*o*o* of semen*

Iggs were collected daily except during the hot summer 
months when they wore collected twice daily* A H  eggs wore 
stored in a refrigerator at approximately 50° F* until they 
were set- in the incubator* Tho eggs ware sat in weekly 
hatches* Thus* no eggs were stored for more than a a even day 
period prior to being incubated* On the eighteenth day* the 
eggs were transferred to pedigree baskets and placed in the 
hatching unit* ^hen the chicks had completed hatching* the 
number of chicks hatched from the eggs of each hen was record
ed. The eggs which did not hatch wore broken and a record made 
of the infertile eggs and the day of death of the dead embryos*

The initial depletion experiment waa begun its So v amber*
1940* There ware twenty 3arr«d Plymouth Hook hens in the ex
periment and thoy were fed a vitamin A deficient diet (table II )* 
Four of this number were selected at random and wore used as 
the control birds* These control hens were dosed twice weekly
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with. 2*0*c*o* of a ood liver oil containing 1250 -1500 I*U* of 
vitamin A* per grasu In Jmu^ry* the cod liver oil was changed 
to a v it an in A oil which had a potency of 5700 I*TJ* p«r gran*

TA3I.C II

TH3 VITAHIff A 01 ̂

-&hitc com 46 lbs*Wheat bran 10 "Wheat flour middlings 10 *
Oats 15 3
Briod ahim nilh 10 "Casein 3 "
Oround oyster shell 3& *Yeast 2 "
Bona meal If "
Salt 1 *
Kanganous sulfate 12 gramsBelsterol or o r*

The second deplot ion experiment was begun in Jsauary* 1941* 
In this.experiment there ware eleven yearling crossbred hans# 
two of these hens were selected as controls and ware dosed with 
-fee vitamin A oil as in the previous experiment*

A third depletion experiment was started in «Xuly 1941* 
Thera were twelve hens in the experiment and no controls* This 
experiment was run simultaneously with an experiment in which 
three groups of hens were fed the vitamin A deficient diet sup
plemented with throe levels of carotene respectively* I hero 
woro twelve birds in each group* The carotene was put In beacon 
oil fia a carrier and added to the diet so that tho three diets 
contained 350f 550 and 750 miorograns of carotene per 100 grans 
of diet respectively* Small three diets the oil was added so 
that it composed one per oont of the diet* Tho carotene wa3



was added only to small bat oho a of food at a' time and these 
wore held In a refrigerator at approximately 40° F#

In order to obtain a response stimulus which was direct
ly related to the carotene content of the diets, the birds
were maintained on tho deficient diet for eight weeks before 

«

being placed on their supplemented diets*, O nly a days sup
ply of feed was placed before the hens after they had begun 
tho ninth wo ok of the experiment# ha this way, da st ruction 
of the carotene was kept down to a minimum#

This hen experiment was continued for thirty-eight weeks* 
^hem experiment was terminated, four of the surviving hens
in each group were killed and their livers were assayed for 
vitamin A* method of assay is the one used by Rubin at al*
(1941).

It was thought desirable to determine what the 1 inability 
would be of the chicks prodxxced by hens on the different levels 

carotene* Tha3e chicks ware battery brood ad for four weeks 
in a room located in the poultry building* BIX of the chicks 
in each hatch were placed in the same deck of the battery; 
therefore, they were subject to tho same environmental condi
tions* they were fed the Maryland Sxpcria&nt Station Hash 
(table III)* A record was kept of the day of death of each 
chick which died up to the end of the fourth week* The mortal
ity data of the first twenty-three hatches was recorded* The 
first six hatches In all three groups ware froa eggs produced
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while the han» wera on the vitamin A deficient diot without 
any vitamin A supplement. The succeeding hutches come from 
egg a laid after tha diet was supplemented with tho three 
levels of carotene*

?A3.Z»'£ III

XABXUH3> STATXCH HASH
Ground §<Z yellow corn “ T R R T I B aWheat bran 300 *

‘̂hite flour middlings 300 n

Ground heavy oats 300 »

Soybean oil meal 100 nr

Alfalfa leaf meal 100 r*

Meat scraps (50p protein) 150 »

Fish meal 100 fi

Dried shim milk 150 H

Straight cod-liver oil 20 n

Orouad oyster shell 10 n

Salt 10 tt

Manganous sulfate i
»

Jn October 1941# a fburth depletion experiment was 
started. This axperinent consisted of twenty-eight Columbian 

"'Rook pullets* Soma of these birds were kill-ad whan they 
showed vitamin a daflatency symptoms* Their livsrs were as
sayed for both vitamins A and C in order to determine whether 
or not a similar relationship between these vitamins existed 
in the hen as was shown to be the case for cattle. At the 
atuosroatlon of "Dr* «?.!* Svirboly of the national Institute of 
Healthv the duodenum portion of the intestine was also assay
ed for vitamin 0* The method of assay is the on© used by 
Dr. Svirbely for rat tissues.
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2fcs method ia as follows* a tan ,^an 3 'inpie of liv:? or

intoatisto is minced witli a aclseors* fho mineoh tissue la
than covered with a twenty 0 or a ant so lotion o f triohlorue otic

aald and allowed to stand to 7 a few aiami an in a nor tar* ihis
permit3 the tissue to harden* -fier hardening, the tla ,1:0 la
then maaooratad ivi th a nastil* .>n ox00as of three per cent of "• ,

triehloraostio acid is then stirred into tho aaaooruted tissue, 
"'hon the insoluble root due has settled out, tho supernatant 
lipni 1 is thon filtoced into a volumetric flush* a hi a extrac
tion Is re pantod twice* fho flash is than made up t o voluno 
and an ali-uoto of thin solution la ti trated with standard 
sodium’̂ , j, d iahlorobortzcnoncindo phono 1 •
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R 1'TJIlh -

Throughout all of the do‘̂lo tion onporinotits, it m »  
not ad t&n t uho birds laid eiyo -moil they bacnne vitamin a 
dofl -5lent • Tho3* ag&a hat aha.a. just as 7?a 11 at tho lattor 
part of the oxpsricumta as thay did in the early hatches* 
fables IV and V atianuiriao tha results of tho four do ■■lotion 
axpcrlaents# Tho data in these tablea show a definite trend 
toward a lowering in tho oar a out a f a hi pro iuo tion a,» tho 
da pi at ion of vitunin A progressed* Un the other hand, tho 
per sent hatohability, throughout the duration of tho exper
iments* ton do towards a constant fi-piro* In ail four of 
the depletion experiment a, the anrao? inant ana tormina tod 
when the number of b ird s had anon reduced ay mortality to 
n&he ouaeoodina data of vory little value or when the number 
of birds out of production 'us very yroat and the loath of 
thorn birds from vitamin a defirionoy m s  immanent*
J'; Thu results of thc oxoerinar.t in, all di hens -aero 'supple

mented with euro tone at tbs rate of 35f, lb" an! 7ff cioro-
•gruaa a<#r 10- .puns of Hat has tern u.'..•■.hated la table VI* 
Purina* tho winter period the o,y.! production lo .areased in all 
Trouos; ho .over, no -haao was oha-crvod in oho hat ohab ill ty* 
The rate of eyy production between the low and hi.,da levels of 
caroteao intaho is related to tho uonliey of e--.rotone In tho 
diet* . Tho hniS'ihi-jH ill ty values io not ::how any relationship 
to tli.i auoxmt uf o irooone in the feed*

The 7'ilmin . aaoayrj of ab.o livoro fro/. Tons viaioh
n ,.ry f ad core tone .no to; .niat.:; i.,: a a si a f  h  'h uo war o
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* .“ " 0 a «..- * . > J •> . -- rtw ; * y.

*% *-ar;3h i s \J <v / * ._ 1 4 6 ‘-f.' * o
.i* ■ ' ' '" —. *”* -*r ,mnan

O 0 * 0 5 O ■« v
' H o t * -*S 8 6 * *? 4 0 b o « 0 r*.

A j o # o 4 *s * •■»■ 4 a ( *> # b \•J
' vontr-rl J a n * , ■ j-Ij 41 n 1 1 37.9 0

.« J 0 * -se3 wo* ** 1 •Ju't: *♦ .-• ̂ ^ j
I Z i r c h 5 6 76 « 6 1•-U *--/ i* •■ ' , * ■
Jan, 36 84*4 09 64*8 n

d a o * 1 1 5 45*0 vb 06 * *z H
-la^I : i  nt ’ -V* . , 1 1 5 4 o 7 3 8 1 * 2

..prii d o 1 1 . 0 80*0 4
h* 4*o 0 - •**

Jan * o 6 7 . 1 6 40*0 .'-■
A? <3 0 * ) 1 *ijL * 1 o 0 ci# * *0 0

i / *9 o J -A, J _ Itar ;h 4  ̂ 4 1 .  4  ̂*7 ^ 0 * 0 0
4  ’ ■ ~;>ril 06 o«.»* *> 1* Aw O S.J  * o i.J

2-ay 1 6 •s- j  « •*■ 8 - i .  ‘ ■ ♦ * •' r ;
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TABi'S 7

TUtA 07 S3? :moB .acp̂ RErsHis- i n  Aim it
^Kporimant 
aim5 <31*

•

* *V̂ 0j£3 :
1 on : : DoplotIon:* •>* * * ** ♦ » « »

Srunbar
of
ses»£ald

Per Cent : 
1Pro duo-ti on:
♦•»

Per Gent" Xfruabo? 
Hatoh 1 of of : K#na 
Fertile 1 Dlad 
%<~0 \

3 to 7 195 63,4 71,3 0
3 7 to 11 1 62 32,6 74,3 011 to 13 106 37,9 33,3 113 to 19 44 17,5 71,4 1
A 3 to 7 m z 34,7 71,3 37 to 11 £67 52,5 74,3 5

• t ->.»** r* ■
FOR -C -;vv * mTnv'<j»i «, A.-- a

3TJFFLX!

?abi:: ti
AID lUtCElBIir ciRQ’rsns i*m

1Y DAfJk 
TH'f DXST

'FarGant■' ’-4; * a&ir Production Hatoh of Fertile
Period ;Hlarogr«u&a of Garotane par 100 Orame of Di& t

* 350 . 530 730 350 550, 75 C
July 21 to Aug* 17 37,5 3o«6 35,3 71,1 60,0 71*0
IXLgm 18 to S©7>t,14 44,6 48,2 4o,7 82,9 71*3 75,4
xteptm>15 to Oct, 12 38,0 45,5 46,1 68, G 72*8 79,8
Oot* 13 to SIT. 9 47,4 51,1 57,1 77,2 74*4 77,2
Ho y, 10 to Doc, 7 40,9 47,9 33,3 38,4 76,7 81,0Doo, 8 to Jan* 4 26,3 33,1 49,4 34,9 60,8 64,6
Jan, 3 to J *3 0* 1 27*6 34,3 41,7 89,7 34,4 81,9
F a W  3 to |Xar* 1 34,7 21,4 40*0 39,5 82*5 77,0
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three oases in the 350 mierogran group which' had only a trace 
or vitamin A in their livara# Tho heads from the 550 anti 750
mlorograa groups contained vl ternin A liver stores In relation
to the carotene content of their diets*

+
•

YA3L3 VII

TH3 VITAMIIT A ASSAYS 02? TK“2 HTJfS I?;.XD CaROXTJTS
Idver Blue units Blue unitsQroup Hen weight 9 of vitamin A of vitamin A

no# grams per gram par liver
350 173 58*0 trace trace

166 34*5 trace trace2C4 48*5 trace trace
201 S9.0 90*0 2810*0

530 233 30*5 1%8#3 7196#G
169 48*0 25*0 1680*0
244 45*5 95*0 4322*5
1§7 40*0 140*0 5600+0

750 203 58*5 170+0 9945*0
207 43*0 85*0 3825*0135 4^*0 172*5 7417*5

- 147 37*0 - 191*0 7067*0

The weekly mortality of each of tho three groups of 
chicks have boon tabulated reopoolively In tables VIII, XX# 
and X* During tho middle of the experimental period there was 
a greht inare&se In mortality in all of the groups# This mor
tality was diagnosed to bo due to pneumonia* Howevert toward 
tho latter part of the experimentt tho mortality was reduced 
somewhat# Xh© total mortality In each group was respectively 
29+71 32*8 and 34#6 per oont* Tho greatest mortality occurred 
during the second week of the first and second groups# while 
the first week had the greatest mortality for the third group#
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K O R T A U T Y  D A T A  O F  C H I C K S  P U 0M 3 8 O  M I C R O O R A H  S R G u ?

Hat ah 
No.

Ho.of
Chians

Diad
First

T>lad^eaondv-ioeh
OiodThird
■' <o oJEc

DiodFourth
Y

„ -g- ™ r "1 T  ^ 1 1 3 " 0 " ^z 19 1 c 0 0
z 20 * 1 3 2 , 0
4 18 0 0 0 0
ia 19 2 0 0 0
4 28 0 0 1 0
7 16 0 4 1 0
8 27 0 9 7 09 21 4 3 1 1
10 18 2 8 7 1
11 14 3 5 1 112 20 2 8 3 1
13 23 2 8 3 ?>it*
14 t 14 0 2 2 1IS 20 1 0 0 016 20 1 *<« 0 017 13 0 1 0 118 12 0 0 1 019 14 or; 0 1 020 13 0 0 0 121 18 1 1 2 022 5 0 ' 0 0 023 14 0 3 1 2
XOt&iCh&aies 394 21 52 33 11?£r Cant Mortality 29.70 5.33 13.20 8*38 2*79
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TA3L3 IX

MORTALITY DATA Off OHirgr: FTtOM &&<$ XIQUO GUAM GROW?
Hatoh
Ho*

Jto.ofChi ok o DiedFirst
^8 ok

Died
•Second
Heek

Diad
Xhird
•*eak

Died
Fonrth
ok

X 9 1 0 0 0
2 17 * 1 1 0 • 0,
3 9 0 1 0 0
4 12 l 3 1 0
5 21 2 0 0 0
o 31 0 5 2 2
7 17 0 5 o 2
3 23 0 8 3 0
9 17 0 3 3 0
10 20 0 5 4 0
11 23 0 6 5 113 25 2 7 6 2
13 <23 2 9 5 1
14 19 0 6 3 0
IS 21 0 0 0 0
Id 20 0 1 0 9rw
17 12 1 1 0 0
IB 13 0 0 1 0
19 14 o 0 1 0
20 13 0 0 1 1
21 a 0 ' t> 0 0
22 "8 0 1 0 0
23 2 0 0 0 0
.XoftalChiefs 378 10 62 41 11
P ar
CentJJortal-

32.89* 2*65 16*45 10*8 8 3*34
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tu3t.3 X

aoMAzarr data GP CHICKS: FROM 750 ifiCHO0RA& GROUP
Hatoh Ho* Uo*of

ChicScti
Died
FirstWoelc

Died Died 
Oeoond Third 
?*e«ate -oak

DiadFourth
Seek

1 11 Z 0 0 0
2 21 0 2 1 0
3 17 1 2 1 0
4 25 1 5 0 0
5 18 1 2 1 16 24 0 0 3 0
7 13 3 8 1 1
8 21 10 4 2 0
9 23 @ 3 r> 010 29 5 4 4 0
11 31 5 3 6 0
12 36 7 8 7 0
13 , 33 6 6 5 314 30 5 7 5 0
15 33 3 0 1 0
15 31 4 0 0 0
17 32 10 0 0 018 30 4 3 1 0
19 26 3 2 1 0
20 36 4 1 1 121 38 ' 6- 2 0 3
22 21 1 1 0 023 31 0 1 2 3
Tovfcal
0 Moles 610 91 64 44. 12
ParGeut 34*59 14*92 10*49 7*31 1*97
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St was also thought advisable to analyse the data during
tbs portions in which the mortality was not vary large. The
periods used were the first six and last six hatches. The
per- cent of mortality in all three group© for those ts?Q periods
are tabulated in table XI. The mortality for the first six 

• •we©3c period for all three groups was respectively 10.Zt 20*2* 
and 19.8 per cent. For the last six weeh period it was 18.7*
8.6 and 22.0 per cent.

TAB.LI XI

 ̂* DATA fecit OHiiOK H0K12ALITY U ITT
Per Cant Med „ .Total

th*oup
Hatch
no.4: •“

Ho.ofohicks Firstwool? Secondweek Thirdweek
Fourth
week par cent died

K1 orograns 
350
550
750

1—0
18—23 
1-6 
18-23 1-6

108
78
9938
115

4.6
1.3 

" 5.10.0
4.3

2.8 
3.1 10.1 
1. 7 9.5

2.86*4
3*05.2
5.2

0.03.8
2.0
1.78.6

10.2
16.7 
20.28.619.8

18-23 182 9.9 5.4 2.7 4*8 22*0
Observations were made in several oases in order to deter-

nine the relationship between the odorosoopio appearance of 
pustule© in a vitamin A deficient hen and its death. Also, in 
two oaoa3f hens were dosed with a vitamin A oil to deterrain© 
what would happen to the pustule condition. From the standpoint 
of borderline vitamina A deficiency* information of this 3cind is 
of interest.

Thar© is relatively a considerable length of time between 
the first ttXcroseopio appoaranoo of pustules and the death of



zt

Him "bird. Thi3 tin a avora,;o& fbout a aonth* : It v/aj frequent Ip 

obsorted that the birds bad a fair!;; .-ooa ;oneral a ;• oar enoa up 

until tho latter part or this p u'iud* Thor? thoy lost a consid
erable portion of their bod:/ w-ai.tht*

The pustules in the eaophatpin 0.« the trou uod no n 3 ''-11 e a j '. i ■ —r ** 

e& in loaa than a a-ech's tine even -vlth relatively snail dooo o of 

the vitanlm Hoaever, in a ,short thee the .uoirilat ooon returned*
T h e  a o n o  r a c u l t 3 -v ; r  e  a t t a i n e d ,  u b  , -n  t h i n  t h e r a p e u t i c  t r e n t n e n t

was applied a^.in* In both "vere 1.-11 hoiu •••>..;n the in

cidence of pustule Tarnation* tie opt Tor t*o * nil the oupro
were either hrohen or infertile. The t*vo - h i m  erera fertile eon-
tainod enbryon whi i'a 11 ed on the ninet^antli lay* Hv..- oaall rmn-
bar of fertile mu-a aliened .nemo;- -.aIn I .&n a .•: 1 Lilted value* 

Tnblj ill is a tabulation of 1. ; vLtunin I a.nays, bene 
10A and 37 received the vibtatUn i dofl ’1 ..nt diet mpplenentod 
a 1th an eneecG of vl tanin -I. Tno *T* none aero fed the Maryland 

urinent -Lebicm bash vhloh. so.nllno a no m i l  oi-ntity of vita-r
'1  ̂  !« I _ '’f*H •• * T* .--vr’S • * >•» •] v» >s ;•»** *7! a  ’ e-v •*•'•'• •%+* .1. - • •-» 4 >-• * ••.—* 4 ,: 4 i ;"I *■ .-■> -» '.-.,4*i'a  .«.-i ^  A 1 A -*,••- 4 *%«*• i.  ̂ J»1 *•-# A-i » ̂  si* JW u? m .* A ’̂ A j ..J '  -»*.  ̂ i -*» «*- - * U '• -r V4. -1" -*»<► .. *. * '?Jr V .-J* **>*

and tsrors vib-min ^ defi ltnt nt the time the J ao;tr; wu*; nude* 
Chore is no blunifieant difference botueon the vibanln : oontna't 
of the bird a roaolvinu vitanin -*■ in the dial end thane ehich 11.1
not receive any vltuinln It ill ho noted that tho liv.tr.. of

the hone nettinr vit.;-.nin *. in ttair U e t  hod *oc-l otor at o , ■■•It-
aniu d > ehila thoa a ‘.vhi sh chov/od vi Lanin .. lefi i n ;v trytptons 

did not eontaln an7 dotominable vit'-.ni.n ... fh-> • unnt 1 tv if
vi tan in d foun 1 in the luodorraa wao: uni fo.uoly
i.7 a l c s i  - e o *



YITAHIH A A TO C A33AY3 OF 1,1 VtS AST) DtJDD'SiraC
Mg* o per B.U.per To tal C Mg. o per Total o in

Hon gra.liver gn.liver in liver m * duodenum
No. &fSm duodenum m +
10A 0*0998 190.0 4*0419 0.1718 1*9753
0? 0*2116 325*0 11*6380 0.1617 1*2935
3.H.1 0*3674* mm 18.1852 0,’2567 2*7727
S.H.1 0*1970 ~ 8.4997 0.2784 2*5060342* 0*1456 -  - 7*8629 0.0818 0*6546
332 0*2586 0*0 10*8530 0.2177 1*9592
321 0.2824 trace 7.3190 0*1752 1.0510
323 0*1667 trace 5.1367 0.1532 1.5381
328 0*2086 0.0 17*5140 0.1351 1*8640
337 0.1462 0.0 5*4014 0*1590 1*2720
336 0*18X1 trace 5.4330 0*1542 1.6480
330 0*2019 — 7*4703 0*2040 2.3050
343 0*2532 « • 9.1152 0.2869 2*8690
340 ' 0*2809 * » 13.7841 0*2397 1*5580
331 0*2293 0.0 3,2548 0*2727 2*7270
348 0.2960 0.0 13.3200 0*2270 1*5890
344 0*1736 «► 6*3692 0.1525 1*3276
334 0.2134 • 8*4304 0*2296 2*2960
336 0.1954 - 7.0554 0.1843 1*9535
338 0*2164 0*0 6*6004 0.2752 1*3760

* Tills bird waa dead tor not more than two hours be Tor a the 
tissuos war a as&ayed*
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DISCUSSION

The literature which has been cited definitely shows that 
our knowledge of tha relationship between the egg production 

requirement and hatchability requirement for vitamin.A is In a 

very confused state* Also,the early work done with hens in 

vitamin A research was probably complicated,with ribaflavdn 

deficiency. In much of this work, a plant source was used to 

supoly vitamin A potency to the basal diet. There is the pos
sibility that some of the improvement in hatchability obtained 
in these early reports may have been due to added increments 
of some other essential needed for hatchability* This would

t

be particularly true In those oases where alfalfa leaf meal 
m s  the source of vitamin A potency* In some cases, added con
fusion was caused by the drawing- of two liberal conclusions.

The original purpose of this work was to attempt to deter
mine how-chick embryos will react to vitamin A deficiency. By 
this means, it was believed, more information could be obtained 
about how vitamin A functions in the organism. Knowledge of 
this kind is lacking In the literature at the present time*

The attempt ended in failure, but as a result of this experi
ment, a better understanding of the relationship between the 
3&S production and hatchability requirement ha3 been achieved.

’Then a hen Is placed on a vitamin A deficient diet she is 
dependent on her body stores for thi3 nutritional essential* 

Payne and Hughes (1933) have stated that a hen on a vitamin 
* A deficient diet behaves normally for quite some time. The 
affects of the deficiency will cause a sudden decline In the
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general health and physiological condition of the fowl. This 

is quite true; however, there is a relatively considerable 

length of time between the first macroscopic appearance of 

pustules and the death of the bird. This time averaged about 
a month. It wa3 frequently observed that the birds had a 
fairly good .general appearance up until the latter part of 

this period. Then, they lost a considerable portion of their 
body weight.

The depletion experiments reported in this thesis have 
shown that when a group of hens are placed on a deficient diet 
there is a gradual reduction in egg production. This is be-

■rrcausa all the hens in the group do not have the same body con
tent of vitamin A, Also , some hens probably u3© the vitamin A 
they pos ess more efficiently than others. Thus, for the in
dividual hen, egg production is maintained at a fairly uniform- 
level. As the bird goes into the vitamin A deficient condition, 
egg production drops rapidly and then finally ceases.
Li There is a certain quantity of vitamin A which a hen needs 
for normal maintenance and production of the maximum number of 
egggy. 3he i3 genetically capable of producing. During the pro
duction of an egg, a portion of the ingested vitamin A is de
posited in the yolh. The quantity deposited is dependent on 
the amount in the diet. The embryo uses the vitamin A in the 
egg during incubation. If the quantity present was not large 
enough, the embryo would die from vitamin A deficiency. Thus, 
a hen’s vitamin A requirement for hatchability would be great
er than hen egg production requirement* Then the hens in this
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experimental work wero placed on a deficient, diet It was found 
that there was a decline in egg production "out that the per 

cent hatohability remained fairly constant* therefore* tho 

eggs whieh ware prodnccd tmat have been supplied ?>i th enough 
vitamin a from the body stores oC the hon h r  embryonic growth 

and davelopfi&mt* ''-hen the hon9 8 sup "I;/ of,vitamin 4 was de
pleted she a to peed laying eggs* However t the last eggs she 
laid hatchad fairly well* With these results, it is reasonible 

to believe that the vitamin a racnirenents of the chi ole embryo 
.-is quite small* ^Iso the vitamin a requirement*? for egg pro-

duetlon %9 aa great or greater than the hatohab 111 t y require-*
mant wlu*n hens are dependent on the-ir body stores of vitamin A* 

There was the possibility that -\ similar rslationahip did
,A.4-

not *3x1 st whan hens v/ero being supplied with a marginal lavel 
of carotene in the diet* The experiment in which hens were fed 
diets obntalain# 350t 350 and 750 micro gran e of eurotone par 
IpO qrans of H o t  was undertaken to determine what the condition)f i'
was whan hens were supplied with a vitamin A source* From the 
experiment,, it appears thnt there is a rolatio.nahip between rata 
of pro due tion and vitamin potency of the Hot* IS is lama
that the 550 microgram group is so no what out of order but the 
differ onoe be two on the 350 and 750 microgram groups is signifi
cant* In addition, since such a situation loos exist* it chows 
that there is a difference between the hen * n vitamin A re* ulra- 
ment for maintenance and her requirement per egg production*
This point has jeon sh wn by previous workers*

96927
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Thor 53 mis no difference between the liiitphabili ty of tha
350 and the 750 microgrnm groups* . In this oage too* the 530
misrograci grou p wncs out of or dor* Thus* hatchability was not
related to the vitamin a in the diet of tha hen at the levels
fad* This experiment checks the depletion experiment 3* Ther 

•«faro* the egg production rocuirement for vitamin  ̂is as great
or greater than the production requirement when vifcamin a
is supplied In the diet in the fora of crystalline carotene*

A hen la Just at the threshold of vitamin def 1 ui ,ney
when she is fed a vitamin A deficient diet which is supolcn^nted
with 330 a Io.ro grams of carotene par 100 grsuao of diet under the %
conditions of the described oxpcrinsnt* the results of the 
livar assays of the hens whioh wore fed dif f «rent levels of car
otene definitely illustrates this point* since three out of four 
of the hens in this group had only a trace of vitamin  ̂in a 
five graci sample* this information ad da greater signifi canae 
;tj©. the hatchability results obtained in this hon experiment* It 
Shows -that at border-line vitamin a nutrition* production 
la affected but that hatchability ia not any different from that 
of hens with reasonably good stores of liver vitamin A*

■The percent of mortality whioh aoourrcd in the chick liva- 
bility experiment was excessively high* This was duo to the 
fact that tha temperaturo of the battery room was very irregular* 
As a..result* a largo per cent of the chicles died from pneumonia* 
However* if the dam*3 diet had any influence on the livubility 
of her chicles aa far as the three levels of carotene is eon-
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corned, thore should have boon a mortality trend with the low 
level having the hi,-chest mortality* Hie hi,;h mortality in the 
aarperiaent doeo limit its v.OLuo to some etc tent* hut even dur
ing poriodn of relatively lower mortality there is no trend 
be two on the throe groups*

Duo to t£he flag sent national emergency there la a conserva
tion program under way at tha proaant time* imy moana of con- 
serving vitamin A should ho considered of great value to a 
portion of our national economy* It has loan c,:iown that the 
popular belief that the breeding mash ro- iiir ::3 nor? vitamin a
13 Incorrect* Since a very largo part of the annual production 

%
of vitamin A in this country la consumed by poultry, the thought 
i3 introduced that this viork m y  load to a saving in vitamin a* 

The interrelationships between the vitamina becoming
novo and more important* It has been ahown fha t cattle do not 
synthesise vitamin C efficiently when they are ahronioally vit

amin t deficient* Hens '-tilleh were viiaai-rr ^ dTficlont were avail-
>.V> _

able for a study of vitamin 1 storage in avit&miaosots- 1 TOwIs* 
fho vitamin 1 assays which were made on sho liver and duodenum 
showed tint ..vitamin C storage In these orpins is Just as high 
when a hen is vitamin a do.ficion* ac when she is adequately 
cup lied with this vitamin* Thus* the w Is a jeeclcs differanso 

between cattle and f&wls* rha deficient hen evidently can cyn- 
thosisa vitamin 0 as well as the normal hen, whoroao cattle do 
not paoGO-.s this ability* The duodenum is not generally reoog- 
ninerl as a storage organ, yet considerable quantities of this
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Titan in wore found to bo pivroont* -his f-vot/'ia of 
tron the atandpoint of 3ynt2ios<3a in tho on pinion# 
its si^rnifionn;.;o is not -aiowru

t

u''

intorosi 
ibwoTor,



zz

CQJSCXS3I0SS

1* The vitamin X requirement for egg production is as 
reat or greater than the hatchability requirement when the 
ole source of the vitamin is that sfoioh la present in the 
en'bŝ body*

Zm The vitamin A requirement for egg production is as 
reat or greater than the hatchability requirement 'when the 
on is fed crystalline carotene in its diet at levels high 
Bough to prevent vitamin A deficiency symptoms from appear
ing*

3*f The XoveX of vitamin A In the honfs diet which is 
ssenttal for maximum egg production is also adequate for 
ood livabillty of bhioks produced by these hone*

4* A significant difference was not found between the 
itamin C contacts of the'liver and duodenum of hens which 
ore vitamin A deficient and those which were normal* The 
itamin A*deficient birds possessed no storage of vitamin A 
a their livers while those which ware normal had high ©tor- 
ge values* ,

6* The duodenum of the fowl contain® relatively large 
Quantities of vitamin 0*
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R 2 P S R 33 C 53

A l m q u i o t ,  H *  J *  a n d  * *  M e o o h i ,  1 9 3 9 1 T i t a a i n  A  r e q u i r e m e n t s  

o f  l a y i n g  h e n s *  P a u l *  S o l *  I B :  1 2 9 - 1 3 7 *

B a u m a n n ,  0 *  A * ,  J *  L a m b ,  G *  '5*  H o l m e s *  a n d  J *  C *  H a l  p i n ,  1 9 3 9 *  

T h e  d e t e r m i n a t i o n  o f  v i t a m i n  A  i n  t h e  h e n f s  e g g *  F o u l *

3 o i *  1 8 :  4 8 - 5 3 *

B o o r  s o ,  G *  3 *  a n d  3£ *  W ,  21111 o r  ,  1 9 3 7 *  T h e  e f f e c t  o f  v a r y i n g  

l e v e l s *  o f  v i t a m i n  a  i n  t h e  h o n  r a t i o n  o n  t h e  v i t a m i n  A  

c o n t e n t  o f  t h e  e g g  y o l k ,  o n  h a t c h a b i l i t y  a n d  c h i c k  l i v a -  

b i l i t y *  F o u l *  3 c i ,  l a :  3 9 - 4 1 *

3 e t h k a ,  H *  21* ,  T > *  0 *  K e n n a r d ,  a n d  H *  X » *  S a s s a r u i n ,  1 9 3 7 *  T h e  

f a t J s o l u b l e  v i t a m i n  c o n t e n t  o f  h « n * s  e g g  y o l k  a s  a f f e c t e d  

“b y  t h e  r a t i o n  a n d  z r u m a ^ G a o n t  o f  t h e  l a y - s r s *  J o u r *  B i o l *  

C h e s u  6 3 :  1 1 3 - 1 2 3 *

C a r r i e k ,  G * w *  a n d  3* M *  S h u g o ,  1 9 3 3 *  R r e s e m o e  o f  t h e  a n t i 

s c o r b u t i c  s u b s t a n c e  i n  t h e  l i v e r s  o f  c h i c k e n s  f e d  o n  s c o r 

b u t i c  d i c t a *  J o u r *  B i o l #  C h e m *  6 3 : 1 1 5 - 1 2 2 *

H a r t *  3 *  B *  ,  J *  8 *  H a l p l n ,  H *  S t e e n b o o k ,  1 9 2 2 *  T h e  n u t r i t i o n a l  

^ r e q u i r e m e n t s  o f  b a b y  c h i c k s #  I I  F a r t h e r  s t u d y  o f  l e g  

w e a k n e s s  i n  c h i c k e n s #  J o u r *  B i o l *  O h e m *  5 2 :  3 7 9 - 3 8 6 *

H a r t ,  3 *  3 * ,  H *  S t c e n b o o k ,  a n d  9 *  L o p k o v s k y ,  1 9 2 5 *  T h e  n u t r i 

t i o n a l  r e q u i r e m e n t  o f  t h e  c h i c k e n *  V X * I > o o 3 t h e  c h i c k e n  

r e t u i r e  v i t a m i n  07  J o u r *  B i o l *  - h e r n #  6 6 :  8 1 3 - 8 1 8 *

P a y n e  1 *  F *  b i n d  J *  B *  H u g h e s ,  1 9 3 3 #  T h e  o f  f o o t  o f  i n a d e q u a t e  

r a t i o n s  o n  t h e  p r o d u c t i o n  a n d  h a t c h a b i l i t y  o f  e g g s *  K a n *  

A g r *  3x p *  3 t a *  T e c h *  B u i *  3 4 *

P h i l l i p s ,  P *  K * ,  1 9 4 0 *  D i r e c t i o n s  f o r  t h e  a s c o r b i c  a o i d  t h e r a p y  

o f - e l o w - b r e o d i n g  b u l l s *  J o u r *  A n a r .  V e t *  H o d *  A a s o *

971  1 6 5 - 1 6 6 *

p o l k ,  H *  3 *  a n d  G *  K *  S I p e ,  1 9 4 0 *  T h e  e f f e c t  o f  v i t a m i n  A d e -  

f  L i  f i c i e n c y  o n  m a l p o s i t i o n  o f  t h e  c h i c k  e m b r y o *  1 9 :  5 9 6 - 4 0 0 *  

R e c o r d ,  B e t h k s ,  W i l d e r ,  a n d  C h a m b e r l a i n ,  1 9 3 7 *  F i f t y - f i f t h  

a n n u a l  r e p o r t *  O h i o  A g r i *  £ x p *  S t a *  B u i *  5 7 9 *

R u b i n ,  $ £ * ,  H *  R *  B i r d ,  a n d  H *  S £ *  B e  V o l t ,  1 9 4 1 *  A v i t a m i n o s i s  A  

i n  c o m m e r c i a l  p o u l t r y  f l o c k s *  P o u l *  3 e i *  2 0 :  1 5 6 - 1 6 0 *  

R u s s e l ,  3 * .  C * C *  3 *  P l a t t ,  H *  W *  T a y l o r ,  %  . ? *  C h i c k e o t e r ,

1 9 3 6 *  T h e  v i t a m i n  A  r e q u i r e m e n t s  o f  l a y i n g  p u l l e t s *  W *  J *  

A g y *  J b c p *  3 t a #  C i r *  3 6 9 *

3h o r w o o d ,  R *  51*  a n d  G *  U *  F r a p a ,  1 9 3 2 *  T h e  c u a n t i t i a a  o f  v i t a 

m i n  A  r e q u i r e d  b y  p u l l e t s  f o r  m a i n t e n a n c e  a n d  f o r  e g g  p r o 

d u c t i o n *  T e x *  A g r #  x p *  S t a *  B u i * 4 6 8 *

S h e r w o o d *  R *  hi* a n d  G *  S *  F r a p a ,  1 9 3 4 *  T h e  a m o u n t  o f  v l t a n i n

A  r e q u i r e d  b y  h e n s  f o r  e g g  p r o d u c t i o n *  T a x *  A g r #  > x p *  3 t a «  

Bui* 493*
S h e r w o o d ,  R *  S i *  a n d  3 *  3 *  F r a p s ,  1 9 3 5 *  T h e  v i t a m i n  A  r e q u i r e 

m e n t s  o f  h e n s  f o r  e g g  p r o d u c t i o n *  T e x *  A g r *  3 x p *  S t a *

B u i *  3 1 4 *

S h e r w o o d ,  R »  H *  a n d  G *  3 *  F r a p s ,  1 9 4 0 *  R e q u i r e m e n t s  o f  c h i c k e n s  

f o r  v i t a m i n  a  d a  o n  f e d  a s  c a r o t e n e *  T e x *  A g r *  3 t a *

B u i *  5 8 3
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ABSTRACT

There are a great many conflicting views in the literature 
on the relationship between the vitamin A requirements for egg 
production and hatchability. As the result of experiments in
tended for an altogether different study, -some information was 
obtained which tends to explain the true condition in the fowl.

Kens wore plao«4 on a vitamin A doftoiont Met* Their sole
soures of vitamin A was that ‘$hich. mis present in their bogles*
The eggs produced by these hens wore inoubat&d and It was found
that the hatohability was relatively good* even the last eggs
produced hatohod well* However * egg pro do.otion ceased just
previous to the onset of vitamin A deficiency symptoms* It was
also found that hone -which war© fed carotene au the only source * * >

tOf vitamin A at a borderline level produced eggs which hatched 
just as well aa hens fed at higher levels of carat sue* The hens 
which were fed the higher levels of carotene laid a ^ s  at a - 
higher rate of production* It would appear from these experi- 
mehts that the vitamin A. requirement for egg production is as 
great or greater than the vitamin A requirement for hatohsbility*
Li' . ' ' ' ‘ 'Assays for vitamin C of the liver and duodentm from hens 

which were vitamin A deficient revealed that those organs pos
sessed as great a store of vitamin C as the organs from hens 
which were not vitamin A deficient* Thus* the vitamin A and C 
relationship which was found in cattle does not exist in the 
fowl*


