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STUDIES ON THE FAT SOLUBLE A CONTENT OF EGGS.

II. ON PERFECTING A DIET WITH PARTICULAR REFERENCE
TO THE VITAMIN A CONTENT OF LACTOSE, CRISCO, AND
FRESH SPRING AND WINTER EGGS. |

In some éarly work in which we were'usin% a

Vitamin A deficient diet, we experienced ccnsi?erable

difficulty which we attributed to variations j,/n the

Vitamin A factor in our bésal diet, The resui%s that

we obtained were rather unéétisfactory in the fﬁ;low-

ing respects:

1. No specific opthalmia occurred,

2. Cessation of growth was in all cases obtained but

loss in weight followed in only a few instances.

3. It was necessary to run the experiment for a much
longer period of time than would have been nec-
essary with a more highly purified diet.

4. Death due to the deficiency was greatly delayed.

Because of these abjeetions we felt that there was

ample reason to believe that Vitamin A was present

in amounts sufficient to prevent the classical signs

of a Vitamin A defieiency and that it had gained ac-

cess through some ingredient or ingredienzs of the
diet which we had been led to believe was practical-

ly devoid of this factor.



This diet, which we shall call Diet A,consists
of the following: Protein (purified casein) 18;
Carbohydrates 51 (Lactose 15 and Rice starch 36);
Crisco (fat) 20; salt 6 and agar agar 5, Yeast and
orange juice were added daily to the drinking water
in sufficient quantities to insure an ageguate a-
mount of Vitamins B and €. In no instance was the
orange juice over 10 c.c. nor the yeast over 3 grams,
Te ihe above diet was added varying amounts of‘the
ether soluble portion of egg yolk as a carrier of
Vitamin 4,

It will be seen that the above diet supplies
all the factors that an adequate diet demands. Ex-—
amining the diet for the purpose of detecting the
possible presence of Vitamin A, we can look with
suspicion on all the items excépt agar and salt,
Coming as it does from milk in‘wnicn there is a
marked amount ef Vitamin A, casgein is at once pus-—
pected of having carried down with it some of this
Vitamin. In fact Drummond (1) states specifically
that commercial caseinogen contains relatively
large amounts of Vitamin A. For that reason we
carefully purified it by thrice dissolving it in

alkali and precipitating with azecid. This proceed-

1. Drummond. Biochem.Jour. Vol,14,1920 p.661,
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ure was followed by an slcohol and an ether exiraci-
ion after which the casein was subjected to a warm

air drying for several hours., Even with this pro-

'ﬁae&ura it iz conceivable that there would still re-

main minimal amounts of Vitamin &,

Lactose is also open to eriticism for MeCollum
and Davis (2) in some work they were conducting with
lactose found that commercial preparations contained
adequate amounts of Vitamin B when fed at a 20% lev-
el and they strongly suspected it also of containing
some Vitamin A, As we shall later show, diets in
which we reduced ithe lacicse ito one-third its origin-
al amouni, showed z Vitamin A deficiency much sooner
and in a2 more marked degres,

In regard to rice starch, Drummond {3) states
that it is practically devoid of Vitamin ﬁ;

Crisco was the only fatl adced to the diet aside
from the fai (egg yolk) ic be tested. Crisco is a

commerceial preparation of cotton seed oil which had

- been partially hydrogenated, The makers refer to it

ag & hydrostearéleine, For Two reasons Gria@é could

be considered as being feirly free of Vitamin A,

First because cotton geed oil is fairly inactive in
2. KcCollum and Davis, Jour,Biol.Chem.Vel,23,

1815, p.B31
3, Drummond., Biochem.Jour.Vol.14,1920,p661,
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this respect‘and secondly because ihe process of pre-
paration would tend to destroy any Vitamin A present.
Hess(4) used it in as large quantities as 17% with no

reported difficulties, In Diet 4, it was used'in 20%

quantities. As mentioned before, we were noi satis-

fied with the results and in looking over the diet
first suspected Crisco of containing more Vitamin A
than we had at first believed. To test this out; we

made up the following fourcdiets:

Diet 1 Diet 2 Diet 3 Diet 4
Casein 18 - 18 18 18
L.actose 15 15 15 15
Rice starch 56 51 51 36
Agar Agar 5 5 5 B
Salt 6 6 6 6
Crisco 0 5 2 20
Egg Yolk 0 0 ] 0
Orange Juice TS Q.8 GeSe G.8.
Yeast GeSo q.8, Q.8, GeSo

The growih curves for these ssries are shown in €hart
I, It will be seen here that the growth curves for
Crisco at a 20% level are much beiter than where the
growth stimulani was contained in only a tenth of
this amount, This we have attribﬁted to their being
gome Vitamin A present. In fact Daniels and Laughlin
() found by feeding cotton seed 0il at a level of
28% they were able to get adequate growih with repro-
4, Hess, Jour,Biol.Chem.Vol,47,1921,p.395,

5, Daniels and Laughlin.Jour.Biol,Chem.Vol.42,
1920,p.360.



duction of young, They found, however, that at = 21%
level these results were not obtained, While at a
20% level we goi resulis indicative of a Vitamin A de-
ficiency, we do not feel that these results are deci-
sive enough to warrant definite statements concerning
thg Vitamin A content of the fats we were testing.

In order to investigate the statement made above
concerning the presence of Vitamin A in laclose, we

made up a diet as follows:

Low Lactose Diet Diet &
Casein 18 18
Starch B0 36
Lactose 5} 15
Crisco 5 20
Agar Agar 8 5
Salt 4 6

The results are graphically shown in Chart II., It
will be seen that the growth curves not only attained
a less height bul that the decline in growth occurred
garlier and with greater abruptness., It #ould seem
therefore that our esarlier results with Diet A were
fogged to a great extent by the presence of Vitamin A
ebntained in Crisco and in Lactose fed at 20% and 15%
levels respectively.

- Osborne and Mendel(6) showed thati diets contain-
ing as high as 48.5 parts of yeast failed to protect
rats against a Vitamin & deficiency. Drummond and

6. Osborne and Mendel, Jour,Biol.Chem, Vod,b45,
1921,p.277.
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Coward (7) found that only .08% of yeast was ether sol~-
uble and that only one-half of this was true fat. In
a diet containing 5% yeast they considered they were
maintaining a fat deficiency.,

It has long been considered that orange Jjuice is
a rich source for Vitamin C, but it had not been
thought, until recently, that it provided appreciable
guantities of Vitamins A and B. In 1916, Funk and
MoCallum(8) stated that orange juice had neither grow-
th promoting nor growth sustaining properties, In
1920, Drummond{9) stated that orange juice was devoid
of Vitamin A,

In spite of these assertions, various workers
noted that wghenever orange juice was included in
their diets, signs of Vitemin A deficiency were not
as pronounced, For instance, Hess(l0) noticed that
keratitis developed with less fregquency. Drummond
(11) considered Vitamin G as an augmentor of the action
of Vitamin A and thus soughi to explain the discpepan~
cies arising from including orange Juice in thg diet.
We found in our work that the only eye lesions obtain-
ed were limited to & siight redness af the lids. In

7. Drummond and Coward,Lancet,0ct.1,1921,p.698,

8, Funk and MeCallum,Jdour,Biel,Chem,Vol,27,1916,

9 gl;‘iéz;z@n&.Biechem.Jour.Vel.14,1920,;).661

10: Hess.,dour.Biel.Chem.Vol,47,1921,p,395.
11, Drummond,Biochem,Jour,Vol,13,1919,p.78.



only one rat in all the animals we have run on Vit-
amin 4 deficient diets have we succeeded in obtain-
ing keratomalacia, This was unilateral and preceed-
ed the death of the animal by only itwo days.
In 1920, Byfield and Daniels(l2) and Osborne apd
Mendel (13} showed that orange juice had Vitamin B
present, The latter stated that it was present to
the game exient as the same volume of fresh cows
milk, In 1981, Cecoper(l4) reported that orange peel
contained Vitamin A. These two findings threw con-
siderable doubt on the vitamin content of oranges.
Because of our own results and the above indications
we congidered it advisable @o not only carefully peel
the oranges (or lemons) but&ta 2dd the expressed Juice
in amounts barely sufficient ito supply the Vitamin C
requirement, Davey(1lB) showed that the minimum was
1.8 c.c, dsily. To avoid the possibility of similar
complications in respect to Vitamin B, yeast was add-
¢d in the minimum amount of .2 grams as siated by
Osborne and Mendel{lé). This reduces to a minimum‘
12, Byfield and Daniels,Amer.Joar.Dis, Child,
Vol,19,1920,p.349,

13, Osborne and Mendel. Jour.Biol,Chem,Vol.42,
1920,p.465,

14, Cooper.Proe,80c,.Exp.Biol,and Med. V01,18,
1921,p.243,

15, Davey., Biochem.dour,Vol,15,1921,p.695.

16, Osborne and Mendel,JourlBiolChem,Vol.32,
1917,p.308.



any synergistic action ithe vitamins may have for sach
other, The yeast was placed in water in such propor-
tions that 1 c.c¢, of the suspension was eguivalent to
.2 grams of the dried yesast.

Osborne and Mendel in the work above referred to,
in gtating that orange juice contained as much Vitamin
A as similar amounts of fresh cows milk, added that it
took 10 ec.c. of the Jjuice to insure a noermal raie of
growth and prevent opthalmia and that 5 c.c. merely
prevented the onset of eye sympitoms., They stated that
.1 gram of butter fal accomplished the same resulis as
the 10 c.c., of orsnge Jjuice, In using 1.5 c.c. of
orange juice, we felt that we were keeping well within
the limits of any complications arising from its use
(or the usge of lemon Jjuice),

Drummond{17) showed that in all probability Vita-
min A &8 & photosynthetic product associated with the
action of sunlight on chlerephyl., If this is true,it
conld be assumed that all plants ghowing the presence
of chlorophyl at some stage of their growth would have
some Vitamin A& present, |

The evidence of Cooper, the inference drawn from
Drummond's work, and the confliciing resulis obtained

by others as well as ourgelves whenever orange Juice

17. Drummond.Biochem,Jour.Vol,15,1921,p.530.
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was uged led us to suspect sirongly that orange juice
possessed Vitamin 4, Ve theﬁf@re changed to lemon
Juice with practically no change in our results, In
the meantime a series of experiments were instituted
to determine the Vitamin A value of lemon Jjuice, These
will be reported later. During the preparation of a
preceeding report, we received a communication from
Mendel(1l8) stating that orange juice contains Vitamin
A, Our evidenece will not only substantiate this but
add further knowledge concerning citrus Juices as car-
rierg of Vitamin &,

In summarizing the above with regard to any poss-
ible presence of Vitamin A in the items of our diet, w
we ¢an make the following statemsnts:
1. Casein, though carefully purified, prohably retains
traces of Vitamin A.
2. Lactose containg Vitamin 2 but st a 5% level would

noet sericugly effect the results.
3. Rice starch is practically devéid of Vitamin 4.
4, Crisco containe Vitamin A but at a 5% level would
not seriously impair the diet,

5, Yeast 1is practically devoid of Vitamin A.
6. Orange Jjuice centains Vitamin A but an addsndum of
1.5 ¢,c, per rat per day would not seriously impair a
diet #n this respect. The same can probably be said of

18, Private communication. Lgter appeared in Proc,
goc.Exp.Blol, and Med,Vol,19,1822,p.187.
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lemon juice,

Although a diet may conform to the above limita—
tione, it is still subject to the following criticisms;
1. Why include lactose in = diet when it is known to

contain Vitamin A.and another carhohydrate is al-
ready present?
&, Why include Crisco{fat) in the diet when it also
prepresents Vitamin A and ig not an indispensible item
since fat can be synthsized by the organism?
3. Why include Vitamin C in the diet when a rat, so
far as we know, is net pariicularly susceptible
to scurvy?g

We shall attempt to answer these guestions in the
following manner, Eggs and milk are the only natural
foodstufis elaborated by nature for the special pur-
pese of nourishing the young, The besi srtificial diet
can be only a close approximation of these. Grossly,
they are made up as follows:

Protein  Carbohydrate Fat  SBalis

Bgg yolk 15.7 0. 3.1 1,
Milk 3.3 5.(lactose) 4, W7

It will thus be seen that nature has perfecied
a diet for the young in which protein, carbohydrate
(including lgetose)‘fats and salts are well repre-—
sented. Vitamins are in the milk according as the

mother receives them in her food. The young rat, in
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contradistinetion to the young bird, before birth de—
rives very little nourishment from the egg. Any stor-
age of foods,such as ig necessary for birds, is obvi-
ated in the rat by its placental attachment to the mat—
ernal organism, After Dirth the maternal wmilk nourishes
the young until they are able to care for themselves,
Lagtose ie therefore added to the diet ito make 1t
conform more gomplelely to the netural diet, Thers are
st111 other reasons why fats should be added., Ii is
true that Drummond(19) showed that rats could show prac-
tically normal growih on an artificial diet that was
entirely free of fats but he also mentions that these
same rats showed a more marked lowmering of vitality
than those whose diet contained fat, Until the action
of fales and lipolds in immunity resciions is much bei-
ter understood, we do not deem it wise 1o increase the
chances for experimental errors by ;robazble dsereases
in vitality zbove referred to., another reason why
fats should be included in the diet-—and probably the
most practical reason--is for the sake of an accurate
balance for the control diet., How can the conirol
diet and the test dielt be declared similar when one
contains no fat and the othsr contains the fat which is

being tested sz the carrier of VitaminA ? For example,

19, Drummond. Lancet, 0ct,1,1921,p.699,
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the control diet has B% Crisco and the test diet 2%
Crisco and 3% egg yolk in it. Both have 5% fat-—-the
former praetically Vitamin 4 free and the latter con=-
taining it. Had the former had no Crisco and had the
latter contained egg yolk only, the two would not have
been fat-balanced. If one could separate Vitamin A
from the fats without altering its potency, it would
be possible to test it in diets contbining no fats.
But, so far at least, Drummond ig the only one who has
reported the ability to do ithis, Hie objections to a
fat free diet have Zlready been mentioned,

It hes been assumed ihalt because rats d4id not esag—
ily manifest signs of scurvy, it was noit necessary to
include Vitamin € in an artificial diet, McCollunm,
Simmonds, Shipley and Park(20) siated thal rats syn-
thegize Vitamin ¢, The inference is that because of
thisg fact it is unnecessary to 244 such an item to d
diet, On ths other had Herden and Zilva(21) claim
thet rats thrive betier when they have the antiscor—
butiec viiamin. Drummond {22} states that optimal eX~
perimental conditions are only attained when Vitamin ¢
is present as well as the other factors,

Although rats may not show marked lesions of scur-

20, McColium,Simmonds,Shipley and Park.dJour,Biol,

Chem,Vel,47,1981,p.507,
21, Harden and Zilva, Biochenm,Jour,Vel,12,1918,

r.408,
22, Drummond.Biochem.Jour,Vol,13,1919,p.77.
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vy, it would seem advisable, inasmuch as the bone les-
ions of rickets and of scurvy are easily confused, to
include the antiscorbutic factor in the diet and thus
rule out any possibility of objections from a theoret-
ical nature or any opportunity for the fogging of re-
sults from some factor at present neither thoroughly
understood nor even suspected,

The three above objections can therefore be met
by the following arguments in brief:
1. In feeding young animals con an artifieial diet, that

diet should conform in sll respects ag nearly as poss-

3

iblzs to the natural diet thal nature has already fur-
nished for their noufishment, The omission of any

item by the plea ithat it is unnscessary or that the

fonle
jea
(S

crganism is able to synthesize 1t, is adding, under-

test conditions, handi
mal condition whoge influence on the outcome of the
experiment ig unknown,

2. Thers is evidently some relationship between fats
and immunity. Animale deprived of fate or having
their diets so resiricted that nol only is fat stor-
age impossible but those orgsnic substances general=-
1y present in fais ars absent, presenrt ﬁuéh a marked

lowering of resistance to infectlions and disease

processes, that no other conclusion is possible. A-
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ationsg, ther, we modified

our 4iet 4 in lhe followling marner:

Dist A Diet B Diet C
Cageln 18 18 18
Rice starch 36 ‘ 51 60
Laciozg ib _ 10 8
Crisce 20 10 b
AZar agay S 5 8
Salt 6 6 4
gast GuBe TaB. .8 gm,dally
Grange juiceq.s.{peeled lemon)q.s. 1.5 c.c.daily

In Diet C, it will be observed that ihe principal
changes are an addition to the amount of rice starch;
a cutting of the lactose to one-third the original
amount; a similar reduction in the fat to aﬁe-fourth
the original amount; a slight increase in the roughage
and a decrease in the sali, #nother change is the lim-
itation of yeast to the minimal amount and the substi-~
tution of lemon for orange Jjuice. In the preparation
of the juice, each lemon was carefully peeled and the
juice expressed from the pulp and filtered., We felt
that these minimal amounts, while on the border line
and founded on the basis of a diet differenit from ours,
would be sufficiently augmented by Vitamins B and C in
the eother items of the dist to obviate any difficulties

arisirng from a possible shoriage of them.
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Thie arbitraxy uge of a minimum quantity of any
vitamin Garri@ﬁ by various experimentors working with
gifferent dieté ig extremely objectionable because of
unaveidable veriations in the amount of vitemin present
in their‘basai diets, This may be due to (1) ihe kinds
of feod use&yﬁ{ﬁ) the method of their preparation; (3)
variations ihithe percentages used in the diel; (4)
varisations &u% to the season in which the foode were
growen; (8) Vagiations due to methods of handling,ex-
posure Lo &uﬁiig&t and other fazclors such as the form in
which the su%gﬁaﬂce is used,

Take, for exsmple, & discussion of the minimal a-

mount of yeasit necessary for satisfactory growtih, This

3
H
®
H
g
0
o
Frly

may be expressed in absolute quantities or in
& percentage ol the diel, The diels used will be as
numerous as the experimentors working with them, Drume—
mond (23) used B% yeasl exiract; Qgborne and Mendel(24
& o b

used .4 gm. of ihe exirsct Gaily and .2 gm, of dried
,u‘,,_ ‘- JRTRT i R R BT il A -

veast which was eyaivelent to &%; Seidel(258) used .B

1o 1 c.c. 0f the elesr filtrate of autolyzed yeast

e

daily; yunk(26) used 3% as & minumum. It is ihus seen

how difficull it is to stale arbitrarily what the min-
imum requiredent of a certain vitamin is, At the best

2%, Drummond.Lancet,Dct.1,1920,p.698,

24, Osborne and Mendel.Jour,.Biel.Chem.Vol.32,1917,
£.308, ,

25, geidell.,Jour.Biol.Chem,Vol,29,1917%,p.145,

26, funk,Jour,Bicl.,Chem.Vel.27,1916,p.1.
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it is only an approximation and can apply specifically

QJ

enly to thediet chosen and the ltechnigue uged., Uni-
Toraity cannol bs atiained in this respect unless the
ingredients of a dist, their preparation,and their pro-

poriions are standardized,

There still remains B0 bhe discussed under the subsou

ject of dist, the preparation of the egg yolk. The
yolks of the egga were carefully separated from the
whites and then thoreoughly shaken up with ether, That
portion scluble in ether wus then poursd off and evap—

]

W evaporated in itwo ways: in sunlight

!
T

fsy]
(e 3

oraved,
nd in a hot wataf baih, 7Two sels of sxpsriments were
gun Lo itest out the efflicicy. ol thé Vitemin i contain~
ed in iké two samples thus pemepared. 45 Choart III

showe, the egg yolk suwg@ched to guniight ¢id not poss—
ess as much growih slimuleling propertier as that pre-

pared in the hot water bailh, This can be sxplained
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ad that Vit-
anin A is d@sfroyed by oxidation, 7This varies with the
amount of surface expused, the durailon of the exposure
and the itemperature al which exposurs occurg. We, ac-
cordingly, subjected our ether gsolution to evaporation
with & minimum of surface exposed for asg short a time
as possidble al & teuperature approximating 355' C.

With this proceedure, 500 c.c, of ether sclution was
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evaporated in 20 minutes, Hopkins(27) showed thal
butter fat heated to 120' for one hour and aerated

lost very little of its Vitamin A pdtemcy as compared
with samples treated in this same meanner but for long-
er periods of time.

| The vitamin content of milk has been shown to vary
with the season and with the diet fed the cow. The ¥Vit-

gmin A content of fat deposits

in the body has been
founé to have the same variations and in addition has

been shown Lo vary with the tissuss exemined. It might

e that the Vitamin 4 content of

Ly

be supposed therefo
eggs would also vary with the season and with the diet
of ‘he hensz laying them, The former.we have confirmed
as the srowth curves in Chart IV show, UFHere it is

seen that fresh Novenber eggs 4id not promoie as good
5 gathered in the spring, Com-

manications(88) we have receivad indicate that veria-

durinz the nest iwWo years, We have obsarved that the ,
<3 s o ?

rate of zrowih of rats ig proporticnal %6othe amount

of Vitamin A contained in their diocts; that the Vit

amin & reguirements of a dist constanily lessen as

the animal becomes older and that young animals, be-

27. Hopking.Biochem,Jour,Vol.14,1920,p.725
28, Private communication,




I9

cauge of the excess of Vitamin A stored in their tis-
sues (which they acquired from their mother) are able
to coast for a short time, showing no effects of a
deficient diet,

Chart V illustrates the variations in the rate of
growth dependent upon the Vitamin & content of the
food, Chart VI contains constructed curves following
the curve of expectation of growth and showing the re-
lationship belween age and Vitamin A requirement. |
These charts illustrate graphically why it is that Vit~
amin A is considered necessary ito boih growth and main-
tenance, & young animal attains growth by being able
to add new cells to its body tissues, If the elements
reguired in this ecellular formation are not present,
cell production cesses.. If a certain amount of the
necessary elemenis are present, cell replacement will
eceur and an animal will maintain itself at a certain
level, If these elementis are lacking or insufficient,
cell preduction not only ceases but cell replacement
cannot oceur and the body regregses--loses Weight and
the‘amimal dies. A corollary of this is that any tis-
gue whose fnncﬁioﬁ is the constant production-—over and
above sbpmple growth and maintenance requirements——of
cellular elements will be the first tissue to suffer
from the general deficiency. An example of such tissues

are the gonads and mammae. It is on such a basis that
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we have conducted a series of experiments on the seffects
of Vitamin A deficiency on reproduction. This work
will be reported in a subsequent paper.

In early life metabolism is at its height., Not
only are tissues being maintained but new cellular ele-
ments are being rapidly adaed which constantly increases
the burden of maintefance, Ultimately the organism at-
tains its growth--the increase in cells stops—~that lim-
it placed by Nature has been reached and simple e¢ellular
mainienance is now &ll that is required. Still later
in life, the balance is upseti and cell destruction oc-
curs with greater rapidity.than cell replacement,
Through this entire cyele; it can be seen that the Vit-
amin A requirement is large at first, dwindles as mat-
urity approaches, maintains a fair constant for a time

and finally dwindles again as the animal ages and dies.

The life cycle of a rat is comparitively short,
The périod of gestation is three weeks., A rat is
weaned in three weeks. Al three months of age they
can bear young. One or iwo months later they‘have
practically reached adult weight. From this time on
they remeain fairly constant until retrogressive
changes set in., It will therefore be seen that any
experiments on Vitamin A reguirements must be con-

ducted before the animal reaches maturity--that is,
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during the first four or five months of its life.

The guestion now ariges, how early should an ex—
periment be started. Most workers start their rats
on feeding experimentis when the animals average a
weight of 40 grams--laying more stress on their inii-
ial weight than on their age., Generally speaking,
this is good practise because of the wariationms in
vigor of animals. Some rats weigh 40 grams at 30 days -

Y%wf age while others may not attain that weight until
they are B0 days o0ld. It is self evident that the
latter are poor experimentai animals because of the
poor growih stimulus manifested., On the other hand,
the former animals might give indications just the
eontrary. These considerations, though real, do not
present practieal difficulties for the reason that
most labratory workers are raising select stock an-
imals whose vitality and vigor are average and con-

: tant.

Heowever, it was with the idea of getiting some
actual data on this condition that we ran a series of
three experiments as follows: Group A 44 days Glﬁ;
Group B 35 days old and Group ¢ 21 days old,

Group A averaged 42 grams in weight; Group B, 38 and
Group C, 33, All were put on Diet B in which the 1

lemon juice was limited to 3% e.c. per day and the
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yeasti to .B gram, 60 days later, Diet C was substi-
tuted for Diet B, Chart VII showg the resulting
growth curves,

As staled before, Diet C is our improved Vitamin
A deficient diet., To this was adced 1.5 ¢.ec, of le-

mon juice and 1 ¢.c, of yeasi suspension, It will

be seen that Group A showed very little gain from

the outset znd thet their deaths occurred much earli-

er than those of the other groups. Group B showed

“seme primary reiardation but, following that, mani-

fested fairly good growth for a time and then declined
rapidly to the peint of death, Group C showed good ga
gain from the beginning, ran their weights to nearly
100 grams and then rapidly declined to death., The
results can be tabulated as follows:

Group~Age~Initial Days for Greatest Days for Time

weight- gain- weight-  loss-—
A 44 42 60 97 20 80
B 35 32 40 ' 55 36 - 70
C 21 33 40 60 10 50

~For clearness of results, decisiveness and the lack

of vitiating complications, Group C offers the most
ideal eonditions. The poor growth manifested by
Grdup C c¢an probably be explained on the basis of the
radical change in their diet, that is, from bresst

milk to test diel before their digestive system had
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become well enough established in funetion to handle
this shock without detriment to the animalkh general
meigbolic précesses. We conclude therefore that
test animals must not only be of average vigorous
stock but that their initial ages should closely
approximate 44 days and their weightis 42 grams.

If an experiment is run within the limits we
hayve specified above, it will be seen that it can-
not last much over a period of 120 days., It is
imperative therefore that a basal diet be of suffi-
cient purity in regerd to the factor tested to pro-
duce dseisive resulis within that time, This we be~
lieve we have accomplished in our Diet C,

Bummary .
In establishing a deficient Vitamin 4 diet that
will give decisive resulis Within'experimental time
limites, we have shown ihat
1. Lactose at a 15% level and Crisco at a 20% level
contain too much Vitamin A for an ideal diet.

2, In all probability orange Juice contains Vitamin A,

3, The action of sunlight on food exposed to the air
ig destructive to its Vitamin A content.

4, Winter eggs are a lower Vitamin A content than
spring eggs.

5, The optimum time for starting rats on a fleeding

experiment is when they are belween the ages of
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35 and 45 days and weigh beiween 40 and 50 granms.

6, Our Diet C will produce a Vitemin A deficiency
within experimental time limits and at the same
time confafm to all the requirements of an ade-

gquate diet,
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