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CHAPTER 1
INTRODUCTION

It has been known for some time that the amount of vitamin A in
the egg of the chicken (Gallus domesticus) depends upon the amount of
that Pactor in the chicken's diet. In 1935 DeVaney, Titus, and Nestler
discovered that with graded percentages of cod-liver oil in the ration,
graded emounts of the vitemin A factor were found in the yolk of the
eggs In the experiments referred to above, the chickens were confined in-
doors and were not exposed to any direct sunlight. Thesemen had for their
primery objective the study of the interrelationships of the vitamins A
and D.

The result stated above indicated that graded amounts of ocod-
liver oil in the hen's ration had a graded effect on the dmount of vitamin
A contemt of the egg yolk. Therefore, it seemed that a similar experiment
should be carried out with the chickens under ordinary living conditions.
For this reason, the feed already being used was taken as the besal diet,
with en increase in the percentage (in weight) content of cod-liver oil
in the different rations.

The specific objective of this study was to determine the per-
centage influences of different amounts of cod-liver oil ingested. The
experiment was conducted with the chickens under conditions to whieh they
were acoustomed in the ordinery feeding processes. The study was expected
to reveal some definite information as to the relative emount of vitamin A
in the feed which was already being used. Cod-liver oil wams added in knowm
weight percentages with definite U. 8. P. units of vitamin A. To check the

egg yolk, albino rats were used, as they have been found to rospond readily



to the presence or absence of the vitamin A factor in the diet (Sherman-

Munsell, 1925).



CHAPTER 1IX

REVIEW OF LITERATURE

Proof that egpe are a good source of' vitamin A was first brought
%o light through experiments by Osborne and Mendel, and McCollum and Davis
in 1913. In these experiments cancerned with the "Necessity of Certain

tions containing purified casein, carbohydrates and various salt mixtursee.

Grqm:h was found to continue for periods varying from 70 to 120 days.
After thet time no growth could be induced with the use of the components
of that ratiorn, though they were nixed in varied proportions. When the
rats were fed naturslly occurring food substances,. extracted from eggs

with ether, growth was immediately resumed. This test was made by feeding

rats these verious food mixtures. Vhen pure lard, olive 6il and almond

oll were substituted for the egg extract, growth was not resumed. This

indiceted that there was some organic substance lacking in the chemiocally

pure food that was present in the ether extract from eggs. In 1920 this

substance received the name of vitanmin A. In 1931 Shermen and Smith con=

firmed this work in their book, "The Vitamins.™ They reported that the
vitemin was conmtained prineipally in the yolk of the egg, and that the

soncentration depends to an extent upon the food of the hen. To what

extent it depended upon the ingested vitemin factor had not been determined
ot that time. The egg as a whole may be expected to contain about 15 to
20 units of vitamin A per grem, axd the yolk usually contains a concentra-
tion of ebout three times that amount. .

Bothke, Kemnard, and Sasserman in 1927 reported that hens fed

cod-liver oil lay egge containing five times as much vitamin A in the



yolks as hems fed the bmasal diet containing yellow corn and alfalfe hay
as the sole source of vitamin A. In these experiments the hens were fed
a basal diet for a period of nine months containing: yellow corn, 30
parts; ground wheat, 20 parts; ground oats, 20 parts; wheat middlings,

10 parts; meat scraps, 10 parts; and oyster shell snd water. These hens
were kopt in pemns; pem 12 was fed the basal diet plus 2% of cod~liver oil
and Fept indoors; pen 13 was fed only the basal diet and kept indoors;
pen i4 was fed the basal diet and allowed to run on the range with acoess
to blue-grass; end pen 15 was fed the basal diet plus chopped alfalfa
meals The only sunlight received by the hens in pens 12, 13, and 15 was
that which filtered through windows from a scuthern expomure. The vitamin
A test was rum acoording to the Sherman-¥unsell method {1925).

It was found that the vitamin A content of the egg yolke fram
hems which received 2% of cod-liver oil added to the basal diet increased
five times. The same was found to be true with those which were allowed
to run on the range. The yolks from those fed the basal diet plus chopped
alfelfa meal showed en increase, but notso much as was shown in the other
two. All of these wore checked against pem 13, which received only the
basal diet. It served as a control.

Holmes, Doolittle, and Moore reported in 1927 in their work on
the vitsmin A potency of cod-liver oil that when it was addeé to the defi-
ciant diet of the chickens, there was improvement in egg productioa,
hatchability, weight of eggs, fertility, and the viability of the chicks
hatched.

In 1932 Sherwood and Fraps, while studying the quantities of
vitamin A required by pullets for maintenance and for egg production,
reported that yellow corn may serve as a source of vitamin A for mainten-

ance of the animal body but not for the egg. The eggs tested at the



begimming of the experiment contained about 20 Sherman-Munsell units. When
the hens were kept on a diet with yellow corn as tha sole source of vitamin
A, the content of vitamin A decreased from 20 units, and ranged from 5 to

8 units.

In 1933, Ellis, Miller, Titus and Beverly reported that color
pigment was not en indication of the amount of vitamin A4 content of the
egg yolk, espescially when cod-liver oil is added.to the basal diet. Their
basal-diet vas made up of the following: yellow corn, 500 parts; wheat
bran, 246 parte; oat meal 150 parts; end alfalfa meal, 55 parts. The diets
for two groups of hens were prépared by adding other ingrediemts, ome of
them called the normal diet and the other the deficient ditt. The normal
d¥et was prepared by adding the following to 80 parts of the basal diet:
fish meal, 7 parts; meat meal, 8 parts; and dried butter milk, & parts.

The deficient diet was prepared by adding to B0 parts of the basal diet
20 parts of s protein mixture low in vitamin B in which vitamin A was in-
creased by the addition of cod~liver oil. The normal diet was rich in
vitemin B but poor in vitemin A. The egg yolks from hems fed the normal
diet were normal in pigmentetion, but were low in vitemin A content. The
yolks from hens fed the deficient diet were poor in pigmentation, but had
& high vitemin A contents The vitamin A test was run by the Sherman-
Wunsell method (1925).

In 1934 Bisbey and his co-workers reported that yellow corn and
cod-liver ¢il had a decided effect on the vitamin 4 content of the egg
yolk. They ran the vitamin A test according to the Sherman-Munsell
method (1925). Their report revealed the following findings:

l. Vhen 65% yellow corn and 10% alfalfa were added to

the basal diet as the sole source of vitamin A, the

yolks yielded 28 Sherman-Munsell units of vitamin A
pPOT Eraf.



2. VWhen 85% yellow corn was added to the basal diet
as the only source of vitemin A, the yolks ylelded
9 Sherman~-¥unsell units of vitamin A per gram.

3, Vhen 357 yellow corn was added to the basal diel as
the only source of vitemin A, the yolk yielded 7
Sherman-Funsell units of vitsmin A per gram.

4, When 25% yellow corn plus O.5% cod~liver oil were
added to the basal diet as the sole source of witamin
A, the yolk yielded 28 Shemman-Bunseoll wnits of vitamin
A per grame

The data above point out the fact that cod-liver oil added to
the diet of the hen does have a decided effect upon the amowmt of the factor
contained in the egg yolke.

. In 1934, Wilcke, Nelson and Henderson reported that hens fed mash
as a basal diet, sipplemented with 2% cod-liver oil, produced eggs the yolk
of which conteined 20 Sherman-Munsell units of vitemin A per gram. A group
fed yellow corn and allowed to run on blue-grass produced eggs the yolks of
which contained 34 Sherman-Munsell unlts per gram. This further points to
the fact that cod-liver oil in the diet influences the vi%amin A content
of the egg yolk, but not so much as the blue-grass.

Russell reported in 1934 that when hens were fed a mash contain-
ing 32% yellow corn and 1¥ cod-liver oil, and a scratch feed containing
equal parts of cracked corn {yellow) and wheat, the eggs contained 260
vitemin A units. This number represented 47% of the vitamin A in the diet.
Then white corn was substituted for yellow com in the mesh and in the
gcrateh fesd, the eggs contained 200 vitamin A units which represented
48% of the vitamin A units contained in the diet. This points to the
fact that nearly half of the ingested vitamin A by hens is contained in
the yolk of the egg.

In 1935, DeVaney, Titus, and liestler reported in their study to
determine the interrelationehips of vitaminas A and D, that eggs laid by

pullets fed different emounta of cod-liver o0il, in comnection with the



basal diet, contasined difforent amount of the vitamin A factor, correspond-

ing to the amount of the cod-liver oil in the diet. In these experiments
pairs were used. Ea'oh pen contained 18 hens smd 1 cockerel. The hens
wore confined indoors and received no direct sunlight.

The basal diet used was comrosed of ths following: yellow corm
meal, 52.63%; wheat bran, 25.79%; rolled ocats, 15.79%; and alfalfa leaf
meal, 5.79%+ To the basal diet of the warious pairs of pens was added:
Pair I--Pen 1, 1% cod-liver oil; Pen 2, 1% cod-liver oil plus 0.5% viosterol
160D; Pair 1I-=Pen 1, 2% cod-liver oil; Pon 2, 2% cod~liver oil plus 0.5%
vjosterol 160Dy Pair III--Pen 1, 8% cod-liver oil; Pen 2, 8% cod-liver oil
plus 0.5% viosterol 160D.

The sddition of wviosterol to-the diet did not have any spparent
effect on the trarnsfer of the vitamin A to the egg. The hems that were
fed the ration containing 8¢ cod-liver oil laid eggs the yolk of which
contained about 80 units of vitamin A per gram. The hens fed the diets
containing 1% and 2% of cod-livor oil laid eggs the yolks of which con-
tained about 40 units of vitamin A per grame. Those hems which were used
as controls and received no supplement by way of cod-liver oil, laid eggs
the yolks of which contained sbout 20 units per gram. The Sherman-lhumsell
method (1925) wam used in the vitemin A assay.

Koenig, {ramer, and Peyne reported in 1930 in their experiment
on "The Vitamin A Content of Eggs 2s Related to Rate of Production” that
after four months of this experiment, the high end low producers' eggs
were similar in vitemin A content. They contained approximately 256
vitamin A units per gram. Hear the close of the first year of the experi-
mmt the low producers' eggs contained 33 units per grem, and the high
producers' eggs contained 20 unite per gram. V¥hemn pullets were fed 1%

cod-liver oil as the only source of vitamin A, they lsid eggs with a



pale yolk, but relatively rich in vitamin A.

The findings ebove indicate definitely that there is a relation-
ghip between the amount of vitemin A ingested by the hen and the amount
of the factor containsd in the egg yolk. Cod-liver oil seems to be a
rich source of the vitamin A factor that may be easily transferred to

the yolk of the egg.



CHAPTER III
MATERIALS AND METHOD

Three groups (A, B, snd C) of white {Leghorn) hemns owned by
Spelman College were used in this experiment. Two of the groups (A and
B) contained fiwve hens each while group C contained the remainder of ap-
pro¥imately three hundred. There was no cockerel present in any group.
The three groups were kept in standard chicken houses, with only a par-
tition of wire between them. This was done in order to get approximately
uniform living oconditions as far as light and temperature were concerned.
All houses wére opened from the south side, providing patural sunlight
each day. The feeding procedure was as usual, the only difference in the
food ocontent being an increase in the weight content of cod-liver oil in
the laying mash for groups A and B. This mash was available at all times
as usual, and the soratch feed wes fed once emch day as usual. A descrip-
tion of the basal diet and the vitamin A supplement was:

Group C: The basal diet described below was fed this group.

Full-0-Pep Laying Mash-~This was prepared by the Quaker Oats
Company. I% had the following guaranteed analysis:

Crude Protein, not less than 20.00 per cent

Crude Fat, not leasg than 4.5 per caut

Crude Fiber, not less than 8.00 per cent

Carbohydrate, Nitrogen-free

Extract 45.00 per cent

The ingredients as listed by the company, but not in percentsge
contents, were: Oat meal, hominy feed, yellow hominy feed, wheat bran,
wheat standard middlings, barley feed, corn gluten meal, fortified sar-
dine oil, dried butter-milk, cane molasses, dehydrated alfalfa, dehydrated
cereal grass (from wheat, oats, rye, and barley), and three-fourths of

cno per cent salt. The seratch feed was a mixture of wheat, yollow corm,

g
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maize, and rye. It was not poessible to ascertain the per cent of vitamin
A present in the feed above.

The vitamin A supplements in the feed for groups A and B in the
form of cod-liver oil conteining 1000 U. 5. P. units wore as follows:

Group A: To the basal diet 4% in weight of cod-liver oil
was added.

Group B: To the basal diet 9% in weight of cod-liver oil
was added.

The mash as prepared above was stored in separate cans in a rela-
tively dark place to prevent any loss of vitamin A potency from radiation
or oxidation (Dunn-1924, Evers-1929). Twenty-five poinds were mixed at
tl:xe time, whioch lasted for approximately one month.

The hens were put on the dist sbove October 29, 1940. The first
sample of eggs for analysis was taken January 9, 1941l. The eggs from each
group of hens were teken at random.

The vitamin A test was run according to the Sherman-Munsell
method (1925}, desoribed as follows: Young albino rats were used--ages
from 21 to 29 days, weight 35 to 50 grams. The nutritional history of
the rats wes known. The rats were placed in a raised screen floor cage
to prevent access to excreta, which may contain vitamin A. They were fed
in non~scatter diet cups with openings the size of which would permit only
the head to enter. This was done to prevent the feet from getting into
the food. The water was provided through a self-flow water bottle (Thorpe-
type), which prevented contamination. All utensils were sterilized each
week. The rats were placed on the vitamin A free diet, complete, however,
in every other way. They were kept on this diet until théy censed to gain
in weight, and developed the cheracteristicophthalmic trouble. The latter
is characterized by swelling of the eye lide and accumulation of exudate

in the corners of the eyes.(Sherman-Munsell-1925).
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Weight records were taken at least once each week until the
cessation of growth was expected. The rats were then weighed every other
day until growth had ceased; then each day for at least two or three days,
when complete cessation of growth was definitely ascertained. At this
time, called the end of the fore period, the anipmals were placed in separ-
ate cages, in groups or singly. The cages were of the Type mentioned
above. One group was continued on the basal diet (vitamin A-free) as a
negétive control, while the other groups received the vitemin A free
basal diet, with the systematic addition of graded amounts of the test
food.

‘ The test was carried on for a period of eight weeks (Shermsn &
Smith-1931). Any gain in weight over the control group was attributed to
the vitamin A received from the test food. This is measured in units,
called Shermen-Munsell units. One unit of vitamir & is reckoned as that
amount of vitamin A which when fed daily for a period of 4 to B weeks just
suffices to support a rate of gain in weight of 3 grams per week in &
standard test animal (Sherman-1937).
| In this experiment all of the steps above were observed except
the time and known nutritional history. Instead of continuing the study
for a period of 8 weeks as prescribed by Sherman-Munsell-1925, the test
vas continued for a period of © weeks {Coward-1933). The basal diet for
the rats was the same as that used by Sherman-Munsell-1925., It was pre-
pared by the General Biological Supply House 1937, and contained the

following ingredients:

Vitamin A free casein (purified) 18 per cent
Dried Brewer's yeast s = "
Salt mixture (Osborne-Mendel) g " "
Sedium Chloride 1 "
Corn starch g7 * "

Biosterol «5 per cemt



In this experiment 4 young rats were used (Al, Bl, €l and D1),
the ages agreeing with that mentioned above. The rats were put on the
deficient diet whem they were 27 days olde They showed cessation of
growth at about the twenty-seventh day after being put on the deficlent
diet. The test period began on the twenty-ninth day after begirming the.
deficient diet.

Three eggs were used in meking the egg sample for the test food.
They were boiled not over 10 minutes and the yolk carefully removed and
woll mixed. Fach rat of the three groups on the test food was fed .05
gram of the yolk mixture per day. The animals were fed twice per week.
Between the feedinge, each mixture of yolk which wes not used at one feed-
ing wes stored in a sterilized container ir the frigidaire at 10 degrees
P. The yolk was welighed at esmch feeding on an analytical belesnce. This
food vme fod as a supplement to the basal diet, to group Al, BL and Cl.

4s a negative control, group Dl wes kept on the basal diet until death.



CHAPTER IV
DATA AND RESULTIS

It was first pointed out in 1913 by Osborne and Mendel, and
MoCullum and Davis, that growth would cease in young albino rats fed a
chemically pure diet, devoid of certein lipins (later classified as
vitamin A). Due %o a store of this factor already in the body of the
rat, growth was found to continue for periods varying from 70 to 120 days.
At the end of the growth pefiod at which time the enimsl wes said to be
dépleted, growth was found to be immedistely resumed on feeding as a sup-
plement to the depletion diet an ether extract from egg yolk. Sherman
and Smith (1931) pointed out that the hen's egg yolk was a sufficient
source of the vitamin A factor and that the concontration depended to
a great extent upon the food ingested by the hen. In 1935 DeVaney, Titus
and Nestler discovered that hens ingesting different amounts of vitamin A
in cod-liver oil laid eggs containing different percentages of the vitamin
A factor.

Drurmond and Coward (1920) introduced & quantitative method
which was perfected in 1925 by Sherman and Munsel. As pointed out earlier
in this paper, young rats were to be used as they were more sensitive to
growth promoting food factors than older ones.

Cn March 20 the test animals were put on the deficient diet as
described in an earlier chapter on material and methods. All animals at
this time were apparently in good health and very metive. Thelr weights

at the begiming of the depletion psriod were:

Rat A1 2 cutas om the right ear 49.4 grams

Rat BI loeut " " left " 47.6 "

Rat cI 1 " "% pight " 48,1 "

Rot DI no " " either ear 48.4 "
13
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Throughout the depletion period a steady gain in weight wes maintained by
all of the test animals. They showed no apparent effects until about the
26th day. At this time the animals were noticeably inactive; they showed
inflsmed eyes, and on the 27th day no weight gain was shown. All main-
tained a fair appetite, excepting Al, which did not have as good appetite
at the close of the depletion period as at the begimming. AI and CI were
the only animals which showed any type of health deformity at the close
of the depletion period. Al apparently lost all of the color in one eye.
Al and €I suffered a smnll degree of respiratory trouble. Their weights
at the clcse of the depletion period were:

Rat Al. »149.9 grams

Rﬁt BI. L ] - L ] L ] - - - - L] L] a L4 - * L ] - .134.7 i)
Rat CI. * - * 2 ‘+ @ e - =+ = - » L ] L] » .104.14 e
Rat DIQ L4 L * - - @ L - & * L] * - - L] - ‘177.7 N

This points out the fact that Rat DI made & gain greater than emy other
animal on the test. This happened though they all weighed within two grams
of the same weight at the begimning of the depletion perio:i. As the nu-
tritional history of the test animals was not lmowm, this weight gain might
have been due to the fact that this animal, as well es those others that
made rapid growth over €I, hed had access to a greater amount of the vitemin
A factor and had stored in the body a sufficient amount to comtinue to put
on weight even though they did not have access to that factor during the
depletion period, as they all ate from the same containers {Osborne and
Mendel-1921).

On April 18 the animals were put on the test food. The test food
was fed as a supplsment to the basal diet as pointed out earlier, in the
chapter on materials and methods. The detaile of the test feeding results
were &5 shown below,

Rat AI weighed at the beginning of the test period 149.9 grams.

The hens which laid the eggs, the yollsof which was fed to this animal,
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were fed a supplement of 4% in weight of cod-liver oil. The fur of this
smimal wes sonewhat ruffled and, as stated above, the pink color of one
eye was lost and little aotivity was shown. After the first week on the
test food decided changea had taken place in these conditions. The weight
had increased to 154 grams. By May 13 the color of the eye was again pink
and other outward appearances were as before the depletion was effected.
Weight was gained esach week and on the final day of the test, Masy 22, the
weig'ht was 169,21 grams. This showed an increase of 20.12 grams over a
period of 5 weeks, end an average gain per week of 4,025 grems. A unit
of vitanin A is reckoned as that amount of the factor which when fed to
a .test animal over a periocd of from four to eight weeks is Just suflicient
to effect sn average gain of 3 grams per week (Sherman-13937). The average
here wns 4.025. The test \animal wes fed .05 gram of the test food per day.
The average gain shows that this emount of the test food contained approxi-
mately 1 1/3d units of the vitamin A factor. To mscertaix the munber of
units per gram of the test food, 1 1/3 vwes divided by .06, the amount of
the food fed per daye. This gave approximstely 26 units of vitamin A per
gram (General Biological Supply House Inc.-1937).

Bat BI weighed at the beginning of the test period 134.7 grams.
The hens which laid the eggs, the yolksof which was fed to this anlmal,
were fed a supplement of 9% in weight of cod-liver ¢il. The general fea~
tures of appearance of this animal were similar to thet of Al except that
there wvms no loss of eye color. After onsweek on the test food a decided
changs had teken place in the general conditions. The eyes had cleared
of any exudate, the fur had again become smooth, snd activity hed beem
resumed. The weight had increased to 142.6 grams. By May 13 the outward
appearances were as they were before the animal was depleted. On the final

day, May 22, the animal weighed 169 grams. This was an increase of 35.7
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grams over a period of 5 weeks, en average of 7.l grems per week. Using
the method used above, .06 grams of the test food in this case yielded
approximately 2.3 units of the vitemin A factor. Two and three-tenths
divided by .05 gives 46 units of the factor in sach grem.

Rat CI weighed 104.]1 grams when placed on the test food. The
hens which laid the eg's the yolksof which was fed to this animal received
no supplement of cod-liver oil in their ration. The physical conditions
weré similar to those of AI with the exception that there was no loss of
oye color.’ After the first week on the test food the physical appearance
had improved considerably. The weight had increased to 112.14 grams.

Tl;xe conditions as well as the weight continued to improve until the final
date, ¥ay 22, when the weifght had reached 120.12 grams. This wvms an in-
crease of 16,02 grams for a period of 5 weeks and an average of 3.2 grams
per week. Receivimg as the animals above did, .05 grams of the test food
per day, it is found that this food contained approximately 20 units of
vitanin A per gram.

Bat DI was the control animal which weighed 177.7 grems at the
end of the depletion period. This animal was suffering similar to AI, BI
and CI. The control smimal was kept on the deficient diet until death.
The apimal continued to be inereasingly iractive, suffered increased
respiratory trouble and rapid loss of weight until May 14 when death ooccurred.

At the time of death the weight wms 134.3 grams.



CHAPTER V
DISCUSSION

Osborne and Mendel, and MeCullum end Davis (1913) first pointed
out that young albine rats deplsted of vitamin A showed symptoms of sore
eyes ocontaining exudate, ruffled fur, loss of weight and general health
weakness. They also pointed out that these conditions could be eliminated
immediately in such animals by feeding them ether extract of egg yolke.

This indicated that egg yolk was = good source of that fat soluble substance
which is essential to animal growth and meintenance of general healthful
conditions. The fat soluble substance later became known as vitamin A,

In 1931 Sherman and Smith confirmed this work and further pointed out that
the amount of. the factor conteined in the yolk of the hen's egg depended
upon the food ingested by the hen. ’

Later, Bethke, Kemmard and Sasserman (1927); Holmes, Doolittle
and Moore (1927); Ellis, Hiller, Titus snd Beverly {1933); Bisbey and his
co-workers {1934); Wilcke, Nelson and Henderson (1934); end Russell (1934)
pointed out that the addition of cod-liver oil to the diet of the hem, even
a8 low as a 2% increase in weight, increased the amount of vitamin A in the
egg yolk.

In the sabove-mentioned works consideration was given primerily
to the fact that the addition of ¢od-liver oil to the hen's ration increased
the smount of the vitamin A factor in the yolk of the sgrs In 1935, DeVaney,
Titus and Festler discovered thet vhen different groups of hens were fed
different amounte of cod-liver oil. in 'i?heir ration, the yolks of the ergs
laid by them contained correspondingly different smounts of the vitamin A

factor. This infometion discovered by DeVaney and his co-vorkers was

17
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ascertained while working with another experimenmt in which graded amounts
of cod~liver oil were fed to different groups of hens. However, it bore
strong implications on which the present study was based. Thus far no
other work pointing out the relationship between the amount of cod-liver
oll ingested by hems snd the vitemin A contont of the egg laid by them
has been reported.

As pointed out earlier in these findings, hens fed a supplement

of -4% in weight of cod-liver oil in their ration laid eggs containing
approximately 46 units of vitamin A per gram of yolk. Those hemns that
were fed a supplement of 9% in weight of cod-liver oil leid eggs con-~
ta.ining approximately\gs units of vitamin A per gram of yolk. Those hens
fed no supplement of cod-liver oil in their ration laid eggs containing
approximately 20 units of vitemin A per gram of yolk.

DeVaney et al. pointed out,irn their findings in 1985, that hens
Pod s supplement of 1 to 2% in weight of cod-liver oil in their retion
laid eggs containing approximately 40 units of vitemin A per gram of yolk.
Those hens fed a supplement of 8% in weight of cod~liver oil in their
ration laid eggs containing approximately 80 units of vitamin A per gram
of yolke Those hens which were kept on the basic ration with no supple-
ment of cod-liver oil laid ogge containing approximately 20 units of
vitamin A per gram of yolk.

There is a wide variastion in the findings of these two studies
with the exception of the results from the basic ration. In this ration
the hong of both studies apparently produced the smme amount of the vita-
min A factor in their eggs. Therefore we may conclude that the basic
rations were equal in vitamin A potency. The variation arose in the raticns
in which the supplément was added. As pointed out above, DeVaney et al.

found that sn 8% supplement produced eggs with 80 unite of the factor and



19

1 to 2% produced eggs with 40 units of the factor. On the other hand,
this study reports that §% of the supplement produced eggs with 46 units
of the factor and afﬁg supplement produced eggs with 26 units of the
factor.

The warlation, as pointed out above, may be explained in the
following way. The hens in the study by DeVaney et al. were fed for a
period of 153 days before the first egzs were taken for a test as com-
pared with a period of 71 days in the present study. It mey be sugpested
that the lepgth of time that an animal is fed a diet containing vitamin A
hes a definite influemce the amount of the factor which the enimal mnay
store {Sherman & Spith-1931). It is thersfore altogether possible ag well
as probable that the 82-day advantage of the hens fed by DeVaney et al.
acccunted for the wide variation in the vitamin A content of the eggs in
the %wo studies.

The age of the test animels (rats) has an influ;nce on the respouse
which may be received from the test food. It may be noted that the animals
used by DeVaney st al. were put on the doficient diet at the age of 21 days,
whereas the enimals for this sbtudy were put on the deficiont diet at the
age of 27 days. This gave DeVuney et al.'s snimals 6 days® advantsre on
those of this study. It hag been pointed out that the younger the animal,
the more ready the response to the test food (Sherman & Hunsel-1925).
Therefore 1t is possible that this factor played & great part in the varia-
tion in the vitamin A content of the eges of the two studies.

It may also be pointed out that thers is a possibility that the
age of the hens used played a part in the content. As pointed out ahove,
the younger the animal, the more ready the response to the test food
(Sherman & Munsel-1925). The hens used by DeVaney and his co-workers

(1935) were young pulicts, laying for the first time the fall in which he
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used them. In this study, the hens used were st least two years of age
at the beginning of the feeding period. Again, there was an advantsage
in the possibility of storage by the animels in the former study.

It may be stated that tho sbove-mentiocned factors do nmot alter
the fundamental facts involved. It was the objective in this study to
show the relationship, if any, between the ingestion of graded smounts of
cod-liver oll by hems and the omtent of the vitamin & factor in the egg
yollé of the hens. The findings above do point out that Ithere is a defin=
ite relationship which exists between these two factors. Hens fed s
supplement of 9% in cod-liver oil laid eggs contsining approximately twice
the, amuzat of vitamin A that was contained in eggs laid by hens fed a 4%
supplement. Therefore, with tho facts in mind concerning the feeding
period of the chicks, the age.of the rats, as well ss the age of the hens,
the findings in this study may be considered to have revealed some signifi-
cant information concerning the amount of cod-liver oil ingested by the
hen and the amount of vitsmin A contained in the egg yolk. HNot only that,
it also re-emphasizes the fact that age is a factor in reeponse and storage,
as well as the fact that length of the feeding period is a factor in stor-
RED.

The study points out substantially that there is a definite re-
lationship between the emount of cod-liver oil ingested by the hen and
the vitamin A content of the ogg yolk. This does not indicate, howsver,
that it is safe to lncrease the vitamin & content of the hen's ration in
order to produce eggs with a higher vitemin A potency. It has been pointed
out {Mohler-1934) that any appreciablé increamse of vitemin A in the hen's
ration above 2% for a long period of time docreases the laying capacity of

the hens as well as the hatohability of the eggs.



CHAPTER VI

SUMMARY
Tihen young albino rats, between the ages of 21 and 29 days are
fed a dist deficient in vitamin A, they show cessation of growth, in-
flammation of the eyes, ruffled fur, and general health weakness.

- Animals depleted of the vitamin A factor decrease in weight
rapidly. If they msre continued on the deficient diet, they not only lose
weight but will become increasingly inat.:tive s develop respiratory trouble,
a::;d die within 35 days after being depleted.

Hens fed & mash with a supplement of cod-liver oil of at least
&h, over e period of at least 71 days, lay eggs the yolk of which is
richer in vitaemin A than eggs laid by hens fed the saeme mash containing
no cod-liver oil supplememt. If the cod-liver oil supplement is as much
an 9%,'1:119 vitamin A content of the egg yolks is approximately twice the
amount contained in eggs laid by hens fed the same mash with no cod-liver
oil supplement.

It is not concluded that the hem's egg‘ca.n be profitably in-

creased in vitamin A by a supplememt of cod-liver oil above 2%.
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GAIN OR LOSS IN GRAMS

GROWIH CHART OF FEEDING TEST
AFTER THE DEFLETION PERIOD
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Explanation of Chart

The chart covers the weight gain or loss after the end of the

depletion periods. The weight is reckoned in grams or fractional parts

of & grame.

1. All animals' weights were checked at zero. The weight which was
found at the end of the depletion period was reckoned as the zero
weight.

2. Beginning at 0, the distance from one horizontal line to the other
represents 10 grams in weight. |

3. Begimning from the left~hand side of the page and counting the ver-
tieal lines to the right, the distance betwsen each of them represents
sgven days or one week.

4, The weight was checked at intervals of a week, excépt in one case.
That case was on the death of the control animal. Each week's

welght is indicated by a heavy dark cirele. The point of death of

an animal is indicated by a eircle inclosing an X.
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