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IRPRODUCTION

A _Brief Discussion of the Problem of Futrition

For many years man has put & large amount of time on the
study of the problems of rmtrition., As with most of his in-
vestigations the problems were approached from the econcmic
point of view, That is, ke was interested in finding the
eheapést food that would enasble his stock to grow faster and

ive thg. best quality of meat., It is interesting to ncte

that, for possitly cenbturies, the nmtritional requirements of
wman himself were of seccndary considersation, Apparertly man
was more inberested in feeding his stock than in feeding his
children, It was only when a large group of human beings wss
under the direct supervision, contrecl, or pay of some orgen-
ization that their health, from a miritional point of view,
was considered., This was due to the fact that a sick man did
not give the service prsid fcr by his employers, and in in-
stitutions cost considersbly more to care for than s well men,

The marveious advance in science that has been taking
place for the last fifty years has been accompenied by a uni-
versal desire, not only to lighten men's lebors but also to
free him from bodily ills, Scientific investigations of
various dietaries, slong with historical study of the inci-
dence of various disesses, have led to the disgcovery of dietery

essentials hitherto unsuspected, As & result of the tremen-
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dous amount of investigation that has been carried on for the
last quarter of a century, the materials that must be includ-
ed in the diet have beer classified as follows: proteins or
aﬁino scids, minerals or salts or inorganic substancés, vita-
mins &, B, C, D, B, G, possibly 2 lactation factor and water.
These various factors will be discussed in detail later.

It xill be observed that fats and carbohydrates havs
been left out of the list Qf dietary essentials, Osborne
and Mendel {1), feeding a highly extracted diet, obtained
results warranting the conclusion that, if true fats are es-
esntial for mutrition during growth, the minimum necessary

must be exceedingly small, On the other hand Burr and Burr

{2) conclude from tkeir experimental evidence that a rigid

exclusion of fat results in @& new deficiency disease. GCar-
bekhydrates ere valuable chiefly 2s 2 source of energy, and
they can be replaced as such by fat or protein, When sO re-
placed, the body has the ability to syntheslze the carbohy-
drate that is neéessary for tissue metsbolism, Becsuse of

ts cheapress carbohydrate is used 2s much as poséiﬁle in mu-
tritionsal experiments, 'Bowever, according to Newburgh and
¥oersh {3), high protein dlets may cause renal injury, due to
the passage of large amounts of amino acids. Other investi-
gators have reported lesions and kidney disturbance with

nigh protein diets, On the other hend Osbornme and Xendel {4)

obtained satisfactéry growth with diets containing ninety per-

cent protein. And, tco, the Eskimos, who consume very little
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cerbohydrate, are kmoen as s particularly hardy and healthy
race, In this instence the carbohydrate is largely rep}.aced

by fat as well &s protein,

Protein.

Proctein has long been recognized ss the most prominent
comporent of the body tissues, except the skeleton, Since
Carl Voit (5) showed that an enimsl receiving adequste protein
was in nitrogen equilibrium, research on protein has gone on
apace snd the literature on the subject is voluminous, Among

the many cbjectives of this research, two are cf cubstanding

interest tc the present dey student of mutrition, They are,

first  the ruwber end kind of sminc aeids necessary for the
repalir of tissue wastes, and seconrd, the physiclogical effects
of mutrition with the protein inteke s% different planes, The
mumber of amino scids that heve been recovered .f.“rom proteins
hes beer increasing from year to year, Gortrer (6) in his re-
cent book lists no less then thirty-one, As nobody has sue-
ceeded in completely analyzing protein, due to the formation
of bumin, theré still remsins the possibility of more amino
acids beirg discovered, It is indeed fortunste that a1l of
these acids are not essentlal in appreciable quantities, Much
work has beer done to find those essential to normal metzbolism
and the foods that contain them, This work hss beer greatly
hampered by the difficulty in obtaining adequate guantities of
the acids in & pure‘ form, The problems involved ﬁave net, by

any means, been solved as yet.

acornimy
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Under carefully controlled cenditions, it has been found
that the protein intske necessary to maintain a nitrogen
balance caz be reduced to a very low level, Eowever, &@s &
considersble excess of a gcod gquality of protein has not been
proven injurious, it is usually customary, in nutritioral ex-
periments, to feed somewhat of arn excess over the minimsl re-
quirements, A mumber of natural foods, such as eggs, milk,
mixtures of certain grains etc. have been found t¢ consain
adequate protein for growth, Caselin has been found to be the
most satisfactory of the puriflied proteirns from the standpoint
of availabillty and of composition, HMerdel (7) has found en
eighteen percent level of cesein as the sole protein to give
satisfeactory growth, %This level of casein as the source of
sdequate protein has been used by 8 great many invéstigators,
and is the level used in the experiments described in this

thesis.,

Hinerals,

As we study the history of food suprly, we firnd that one
of the dominating influences on the irmigration of people is
the accessibility of salt, It is glso krown thet animsls will
undergc the most severe hardskips in order tc reach & salt
supply. Following this lead, Those experimenting in nutrition
alwayssaw to it that their experimental animals had salt {sod-
ium chloride) included in their diet, XNext. in order. were

included ealcium and phosphorus, vecause they were recognized
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as essentiasl to bone development. Then eame iron, megresium,
potessiun, and salphur, because analysis showed that they
were pressnt, in apprecisble quantities, in all enimals,

¥ith gradusl inerease ir purity of the experimentasl diets,
contaxninating but essential elements were eliminsted., This
led to an era cf severe investigation of the metallic, inor-
ganic, or mineral requirements of the animal, Meny comdbina-
tions have beem, and are being, tried. Suck elements as
flucrine, copper, and mangerese gre being recognized Aas exert-
ing 2 profound influence on metabolism, Some of the elements
rot ordinerily listed as essentizl have been included in meny
so~callied purified diets as impurities,

The salt mixture used in this serles of investigastions
is cne worked out by EcCollum and co-workers (8,9). It is
termed, by him, Salt Hixture 185, and will be so called in
this thesis, while this salt mixture mey nol be opiimum, it
does give satisfactory growth and reproduction, when used in
conjunction with other highly purified food materials, Hany
investigators have used this salt mixture ir experiments

covering numerous generstions,

Vitamins.
The vitamins &, B, 8, D, E, and G, have beer recognized

end acknowledged by the American Socliety of Biologicsel

3
-——

L

¥ mam D oy e 3 2 T v B A B & 2 dememal er e vl TR
LOELISYS, ¥ is provavie that cvher vitamins wWill ©

(47

S

coversd, A very brief resumé of the known vitemins folleows.
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© Vitamin A, Vitamin A was discovered, almost simmltane-
ously, by ¥cCollum and Davis {10) snd by Osborne snd Hendel
(11). It was found as s growth promoting factor occurring
associated with fats and 1ipoid su‘bstances;; The evidence, so
far, indicates that it is synthesized only by plants and not
by arimzls, It is 2 necessary fa_.ctor in the diets of all
animals theat have been investigeted up to the present time,
The vitamin & céntent of eniwmel products is dependent upon the .
food materisl fed the animgl, The primary effect of vitamin A
8eficliency is & keratinization of the eplthelial tissues and
a resulting failure of growth, Xerbphthalmia: is & secondary
infection,

Investigators have used mumerous food materisis as &
source of this vitemin in synthetle dists, Those foods that
sre most easily available, and slsc glve the most consistent
results, are dutter fat and cod liver oil, Vegetable fcods
are not used because theyalso contsin considerable smounts of
other viteminsg —— notzbly B end G, Irn this series of exper-
iments 2 five percent level of tutter fat is used as the
source of vitamin A, Its preparation will be described under

YExperimental®,

Vitamin B, Vitemin B is also referred to in the litera-
ture by the letters B,F;and B-P, This confusion is 2 result
of the separation of vitsmin & from substances knowm e con-

tain the heat labile, beri-berl preventative factor discover-
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ed by Eijkman (12). The anti-neuritic factor known as vita-
min B was the first of the vitamins to be discovered and has
rrobably been investigated more thoroughly than any of the
other vitamins, While it hss znct been isolated, it has been
purified tc the point where a daily dose of 2bout 0,015 mém.
is sufficient to protect pigeons from polyneuritis, Vitamin
B, besides preventing polyneuritlis or beri-beri, also exerts
a profound effect on the appetite. It shouid be noted that
the nervous disorders charscteristic of vitamin B deficlency
cannot be induced by starvation, Among those foods most com-
monly used as a source of vifamin B in experimental raticns -

are yeast, rice polishirgs and wheat embryo.

Vitamin C, Viteamin G, the anti-scorbutie factor, will
not be discussed, s it hass been definitely shown by & num-
ber of investigztors that the rat not ornly does not need this
vitamin in its diet, but that it alsc has the ability of

synthesizing it.

~Vitamir D, While a number of investigators reéognized
rickets as a dietary disease, it remzined for MceCollum (13)
and co-workers to demonstrate the existence of vitamin D axnd
its relation to rickeits, This demonstration stirmlazted an
enormous srount of work which has resulited in 2 much better

£ metheds for the prevention gnd cure of

O

understanding
rickets. A number of investigators noted at approximately the

ssme time that cholesterol zcguired anti-rachitic properties
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when irradisted with ultre-viclet light, This hss mors recent-
iy been shown to be due to the action of the light on ergos-
terol., _
Reallzirg that rickets £s closely associnted with calcium
and phosphoruus metabollism investigators suceeeded in showing
that with 2 properly balanced calcium and phosphorous Inteks,
the onéet of the disease could be avocided, Such a balance is
approximately furnished in the diet of the rat by e three and

seven-tenths. percent lsvel of XcColium's salt miyxture 185 (8},

Vitamin E, V¥itamin E was diseovereé by Evans snd Blshop
{14,15) and was defined by them as being a substance, the
sbsence of which causes desth and resorbition of pormally 1m-
planted foeti, Experiments on this vitamin bave so fzr been
confined to rats, After the female has given evidence of
vitamip E deficiency, sdmiristration of small quantities of
the vitemin usually resuits in restoring the ability tc pro-
duce normsl litters, Or the other hand pemanent sterility of
meles on 2 vibtamin E deficient diet has been repeatedly ob-
served, The Avitamin has been fcurnd to dbe vei‘y widely distri-
buted in natural foods, the most potent substance probebly be-
ing the ©il extracted from wheat germ.

Beferences to some of the investigations carried on in

cornaction with this vitamin will be found under "Review of

Literature".

Vitamin G, Vitamirn ¢ is also referred to in the -litera-

~

S b ay e b 24 prem
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ture as Bg and P-P, Its property of preventing pellagrs was
long attributed to vitamin B, The discovery of this vitamin
is credited %o Goldberger {16,17) and his associates, The
vitamin is necessary for growth and is ususlly assoclated with
vitamin B, It can be readily prepared free of vitamin B, due
to the fact thet it is heat stsbile, while vitemin B is read-
ily destroyed by heat., At present no adeguate method has been
devissd for destroying vitamin G in the presence of vitamirn B,
Foods of vegetable origin are usualiy »ick in vitamin 3 and
poor in vitemin G, The reverse holds trme for foods of amimal
origin, However, yeast seems to be rich in both,

Lactation,

Investigation of diets by feeding experiments on rats has
been carried on for s number of years, In the early experi-
ments the animals were carrisd for only a few months to ob-
serve variations in growth curves, Using highly purifled
diets it Pinally became possible to obtaln normel growth, but
trouble was experienced in raising several generstions.

Shortly after Evans reported vitamin E, Guest, Nelsonm,
Parks, end Fulmer (18), working orn grains, reported difficulty
with lactation and suggested that the amount of vitamin B re-
quired for growth may not be ample for lactation, They also
suggested a possible optimm relative concentration of the
several dletary factors involved, Sure and a number of others
have reported experiments that support these observations,
Some of this work wlll be referred to later.
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Statement of the Problem

In the present day of rapid communication and t:fanspor—
tation, food materials that formerly had little economic im-
portance in this country are rapidly becoming of national
significance, Such rapid adopticn of 2 new food meterial has
a certain element of danger, Scientists now recogn_ize the
fact that all foods, both new end 0ld, should have their diet-
ary value rigidly investigated, Such 2n Investigetion might
lead to a gereral adoption or rejectiorn of & gliver food
material, At any rate, its puitritional wvalue would at least
be known,

In the study of such individual foodstuffs the rat nas
proved of great value, The short life.span of this animel
coupled with the faet that its mutritional requirements are
similar to other mermsls makes it very suitable for experi-
mental work, The comparatively small size of the rat and its
consequent limited food consumption makes it a desirable
animal tc use when highly purifled materials are fed., The .
uszal practicé is to feed a highly purified dlet suprlemented
vy the food materisl under Investigetion, Irn studies of this
type it is customary tc start with young rats and cbserve
growth, reproduction and lactation, Investigations involving
the use of the rat and highly purified diets have resulted in
the discovery of z number of the dletary essentisls previous-
1y emumerated, Although the existence of vitamin E hes been

definitely established, it is recognized that other factors
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ney ini‘luené.e reproduction, A mmber of investligators have
also reported difficulty with lactation, even though a dlet

thought to contasin adequate amounts of all the known esssntisls

was used, ‘
Phe experiments described in this thesis were desiguned

with the idea of investigating various food materisls, The
rat was the experimentsl snimal and, although growth was
studied in some cases, particular ettention was paid to re-
productibn and lactation, It was hoped that a clearer under-
standing of the dietary influences on reproduction might dbe
obtained, In view of the fact thst human mothers are having
c¢ifficulty feeding children from the breast it was further
desired that the iray might be pointed to a diet that would
give superior lactation,
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REYIEW OF LITERATURE

Human beings and farm snimels are dependent upoﬁ seeds
aizd grains for a considerable portion of their food supply.
¥eny of these substances have been the subject of ;‘igid diet-
ary investigations within rscant years - sgspecially the
grains — because of their great economic importance. Soy
beans, which have beenr used as a8 food by Chinese and Japanese
fer hu.ndreds of years, are bscoming of great importsnce in
the Unlited States. There are many varieties of soy beans
known snd the color of the bear waries from the light yellow
cf the ¥enchu to the black of the Sable. 8&rsrthan {19) re-
ports the asnalysis of seveniecen varieties, and-vhe does noi: in-
clude all, In his series of analyses he found that those
varieties having the most protein hed the least oil, Feumann
{20) gives a more complete enslysis of soy beans; and reports
the average composition as being: water .10.,93%, protein
33,58%, fat 17.06%, carbohydrate 28,76%, roughage 4.85%, and
ash 4,81%. 1In 2 seriss of metabolic investigetions on bumen
subjects he fétmd s8¢y bean bread slighﬁly inferior to rye-
wheat bread, Darniels and Xichols {21) found that a sixty per-
cent level of g0y bean furnished adequate proteln and a2 suf-
ficient amount of vitamins A and B for normal growtk, In the
absence of butter fat they observed failure of young., The
307 beans used in thelr experiments were cooked at fifteen

pounds pressure, Scmewhat later Daniels and Hutton (22),
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Pecding milk slone, failed to get reproduction, They found
that supplementing the milk with soy beans or soy bean ash
corrected the deficiency, They alsc obtained reproduction
when they used, instesd of soy bean ash, a mixture of mangan-
ese sulphate, sodium fluoride, alumirum sulpﬁate, and sodium
silicate. McCollum, Simmonds, and Pitz (23) observed that a
twenty-five percent level of soy bean gave adequate vitamin B
for growth, They cooked their soy beans one and one«-haif
hours at fifteen pounds pressure. Osborne and Xendel {24}
found that good reproduction and normsl growth of young could
be obtained on a diet containing fifty percent of soy besn as
the only source of protein and vitamirn B, The. diet they used
included eighteen percent of butter fat, Plimmer, Raymond,
and Lowndes (25) in estsblishing comparetive vitemin B values
of foodstuffs gave soy beans a valne of thirteen, as compared
to yeast with a standard vaine of one bundred, -Theyw PTOPOSSE
a thirty percent level of soy bean, &s the sole scurece cof
vitamin B, as being necessafy for maintenancs,

Guest, Nelson, Parks, and Fulmer (18) made extensive
studies on wvarious grsins as the only source of vita}nin B,
They employed 2 highly purified diet consisting of éasein,
salt mixture, butter fat, various smounts of grain, and suf-
ficient dextrin to meske one hundred percent, The grains test-
ed were: waeat, rye, barley, white and yellow corn, They fed
these grains at levels all the way Ifrom five to sevenly-three
percent, They found that with a sufficient amount of any one

2t e were oy
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of these grains in the diet the rats grew and reproduced
normally but that lactation was poor, which fact was menifest-
ed by 2 high mortality of the young., Por= instance, they found
that, on the wheat rations, the mortality of the young from
the first genex;ation females varied from thirty-five te one
hondred perceni:, on the rye dlets young of the first genera-
tion hed a mortality between forty-one and one hundred percent,
on barley the mortality wvaried bebtween twaaty-one and one hun-
dred percent, on white corn the young of first genération fo-
males gave a mortality of seventy-one to one hundred percent,
ard In the case of yellow corn the mortaiity of the young from
the first generstion varied between fifty-one end ninety-three
percent, |

Meat of various kinds has always been and always will be
one of the mein srticles in the diet of man, The literature
on the role of meat in the diet is very sxtensive., However,
most of it has littie applicatiom %o the problem at hand, which
corsists of = study of the supplementary wvaliue of the varlous
organs for lactaztion, Muscle meats, as reported in the liter-
ature, sesn to have little dietary wvalue outside ¢f their pro-
tein content, Watson (26) s feeding one mndred percent ox
flesh, reported poor reproduction and lactation., He concluded
that an increased meat consumption has a bearing on the fail-
ure of mothers to muirse thelr young, Osborne and ¥endel (27)
showed beef muscle to be deficient in vitamins A, B, and C,
On the other hand they found liver to be s good source of vit-




- 18 -

amins A and B, Cooper (28), working on polyneuritis, made
preparations from arpimel tissunes that would cure the disease,
Eis results show the presence of vitamin B in & number of
focdstuffs, among which are to be found brain, liver, and egg.
EcCollum and Davis (2°) while emdeavoring to prepare purified
food substances demonstrated that pig liver and codfish testi-
e¢les contain vitamin A, They alsc found that hesrt coxntains
less vitamin A than kidney, XcCollum, Simmonds, and Persons
{30) in z study of the nuitritive value of animal tissues fed
a twenty-five percent level cof thoroughly cooked kidney, liver,
and muscle tissue as the sole source of proitein, They ob-
tained four generations and report liver and kidney as contain-
ing vitamins A and B, Eitchcock {31) tried supplementing the
diet of nursing mother rats with mest, He does not report the
composition of the balance of the diet, but from the text it
appears o have beenlis regular stock ration., He observed an
increzsed rate of growth of the young, FRosenheim and Websbter
{32} report the vibtamin A& content of the liver fabt of sheep,
calf, and ox toc be about ten times that of Rewfoundland ccd-
liver oil, Evans and Burr {33) found that a2 diet consisting
of pure caseln, sucrose, salts, and high levels of vitamins
A, B, D, and E was inadeguate for growth. Upon supplementing
this diet with lettuce, liver, or lard they obtained good
growth, Lagueur, Wolff, and Dingemanse {34} observed that
hog liver contained less vitsmin A. than the iiver of cattle.

They alsc repori o variaticn of the vitemin A content of the
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livers with the season, Aykroyd snd Rescoe {35) using Chick
and Roscoe'’s method (36) for determining vitamin By found that
wvhezt, melize, and dried peas wers relatively poor in this vit-
emin, while ox liver, yesst, and fresh wkole milk were all
good sources of 1it,

Feelding experiments necesserily reguire a very cerefully
plarned diet, Inwvestigeators sre continmally seeking single
fced substances which will suppliy oniy ore fazcetor of o complete
diet, In case of vitamin A this problilem is met by most ex-
pexrimenters by feeding butter fat or cod liver o0il, EHowever,
with vitamins B erd G there is considerable difficuity because
of the frequent occurrence of the two vitamins in the same
fcod material, At the present time no method hes been devised
for destroying vitamin G without effecting vitamin B, TYeast
has beern used tc o greei extert as 2 source of vitemin B ever
since Hopkins {37} first used it ir dietery studies ir 1912,
Kennedy end Palmer (38), using & highly purified diei, showed
that yeast stimmlsted growth in rats., Thoy observed failure
éf'reproduction but did not sttempt to sccount for it. Some-
what Ister Palmer and Xennedy (32) looking for gnother source
of vitamin B found that extrzcted whezt embryoc when used in a
highly purified diet as the sole source of vitamins B snd G
did not give adequate growth, Chick and Roscoe (4C) in
studies on the thern sSo-called vitamin B found yeast to combain
both vitemins B end G, They report wheat embryo as being rich
in vitemin B but poor in vitemin &, They &lso observed that
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vitamin B could be prepared in a fairly pure form by Peter's
{41) method and that it could be destroyed by heating at 120°
for four to five hours., However, Williams, Walterman, and
Gurin (42) warn against too great confidence in the current
practice of sutoclaving yeast to destroy vitamin B and lesve
viteamirn G, They show that results may be grestly influenced
by differences in pE, Shermen snd Axtmayer {(43) msde a stuly
of the mmitiple nature of the so-called vitamin B ard found
yeast to contain both factors in sbout equel amounts, whole
wheat to be richer in vitamin B, 2nd milk %o be ricker in vit-
enin G, In an interesting series of experiments they fed =2
highly purified éiet containing neither vitamin B ncor vitasamin
¢ and obtained practically no growth, Supplementing this diet
with eight percent of autoclaved yeast gave wvery poor growth,
while eight percent of whole wheat gave slightiy better re-
sults, When, however, the purified diet was supplemenited with
four percent of autoclasved yeast and four percent of whoie
wheat practically nermal growth was obtained, Evans and Burr
(44) in a study of the dual nature of vitamin B found that
both commercisl casein and corm starch contein a growth pro-
moting factor, They also suggest that possibly lard contains
a new growth promoting factor. Hogan and Hunter (45) pro-
posed destroying vitemin G without affecting vitemin B by ir-
radigtion with ultrz viclet lizht Tut their work was not sub-
stantiated by Kennedy and Palmer (46).

The literabure on the prcblem of lactation has beccme

S
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very extensive within recent years, HMost of the work has led
te the conclusion that there is an intimate relation between
the consumption of vitamirs B ond & snd the growth and well
being of the suckling young, Osborne and Hendel (47) as =z
result of their experimenits on vitamin B, concluded thet
animals do not have the ability to store witamin B and thet it
mast be contimmously supplied in the diet, Evans {48} pro-
posed ine possidiliivy of 2 new dlebtary factor orF possivly larg-
er quantities of certsain diectary elements as belng neceasary
for la-ctatic;n. He concluded that if there is & lactation fac-
tor it is not soluble in fats. Sure (49} reports work indi-
eating that the vitemin B reguirement for isetation is some-
what grester than that required for growth, Hartweil {30) es
a result of a study of the diet of the lactating ret conclud-
ed that vitamin B wes intimetely assoclated with protein me-
r.abolism., Similerly, Eelson {51}, also working on the reis-
tionship of the diet to lactatiocr, reports an incressed zmount
of vitamin B as being recessery with 2 kigh protein diei, On
the other hsnd, Sherman and &lzy (52), working specificslly on
the relstionship of the vitamin B reguirement o protein in-
take, came to the deciéion that an increased protein intake
did not requi:r;e an increase ir the amount of vitemin 5 sup-
plied in the diet, Felson, Jones, Heller, Parks ard Fulmer
{53} using a highly purified dist in which yeast wzs the scl
socurce of vitamin B, concluded that s higher ievel of this

vitemin was necessary for lactation than wes needed for growth,
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In 8 subsequent paper Guest, Nelson, Parks, and Fulmer (18)
suggest that if such a high vitamin B requirement is neces-
sary for lactation, then the human mother of today is very
close to the border line as regards the needs for vitamin B
during lactation, Sure (54) proposes the possibility of a
lactation promoting factor in the unsaponifisble matter from
vheat oil, Rose and HcCollum (55) feeding different propor-
tions of various seeds and vegetables obtained good growth
and reproduction but poor lactation, Sure (56), in a series
of studies on lactation, decided that vitemins A end B were
both necessary for lactatior, and that the rat had the abillity
to store the fat soluble vitamin A, Sure {57) further con-
cluded that corper does noct supplement vitamin B for lacta-
tior, Evsns a2nd Burr (58) used a highly purified diet sup-
plemented by iard, yeast, and cod liver 0il In their experi-
ments onr lactation, They obtalned good growth but found it
necessary to relieve sterility by the use of wheat germ oil,
In order to get satisfactory lactation they added, in the form
of tikitiki, five times the usual amount of vitamin B required
for growth, They believe that it is a large excess of vita-
min B that 1is necessary'for lactation iﬁstead of such a large
excess of both vitemins B snd G, Evans and Burr (59) in a
later paper state that parslysis in suckling young can be
prevented by a sufficient guantity of vitamin E {¥heat germ
0il), They conclude that a new dietary substance is not

needed for lactation, Hore recently Deniels, Jordan, and
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Hutton (60) found lactation unsetisfactory in milk fed rats,
They observed that deficient lactation could not be stimmlated

by feeding an excess of vitamin B,

Rice polishings have long been used in feeding experi-

ments as a source of vitemin B, Interest in this food material
has been renewed by the discovery of vitamin & and its dif-

ferentiation from the beri-beri preventative factor, Sure (61),

using a highly purified diet, reports a twenty percent level

of rice polishings as containing Insufficient vitamin G for
adequate lactation, HMunsell (62) in 2 preliminary report sug-
gests that rice polishings are rich in vitamin B but relative-
1y poor in vitamin G.

Considerable work has been done or the beneficial effect
of fat in the diet. However, Fredericla (63) kas found lard,
when incorporated into the dieit, to exert a destructive action
on vitemin A&, Ievine and Smith {64) found a diet containing
as high as sixty-four percent lard to give good growth, They
did not repbrt on reproduction, Osborne and Mendel (65)
worked on the relation of the rate of growth to the diet.

They cobtained optimum growth when nine percent of putter faf
and fifteen percent of lerd was incorporated into the diet and
yeast and lettﬁee fed daily, ZEvans and Burr (66) observed
thet when fats are used in 2 diet the action of vitamin E is
decreased by rancidity of such fats, #Hore recentiy Hattiil
(67) reports that certaln vegetable oils exert a protective

action agzinst the oxidative destruction of vitamins A and'E.
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A great meny investigators have found milk and milk
preparations unsatisfactory in studies on reproduction and
lactation, Anderegg (68) found milk powder to be unsatisfac-
tory as s complete food in a series of experiments‘on repro-
duction snd rearing of young. Brigl, Euler, and Held (69)
report American semi-solid buttermilk as being deficient in
both vitamins A and B.

Kennedy snd Pslmer (38), in their study of yeast, ob-
served fallure of reproduction but apparentiy did not reailze
that such failure could dbe due to the lack of a new dietary
essential, The discovery qf vitamirn E by Evans and Bishop
(14) stimlsted an enormous asmount of research work on repro-
duction, ¥o attempt will be made here to review all of the
work that has been done, but it will be well to mention a few
papers of outstanding interest., Shortly after the discovery
of vitamin E, Sure (70) reported on its presence in various
grains and their products, He falled to find the vitamin in
milk, On the other hand, Daniels and Hutton (71) belileved
that their experiments indicated the presence of vitamin E
in both milk and butter fat, Hartwell (72) and Sure (73) ob-
served at about the same time that cod liver oil was lacking
in vitemin E, Hogan and Harshaw (74) observed that it took
six to eight months for females to become sterile in the sgb-
sence of vitaemin E. VNelson and co-workers {75) have found
that when butter fat‘is repiaced by cod liver oil in synrithetic

diets better reproducticon is obtained. Host of the properties
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of vitamin E so far determined are the result of extensive ex-
periments by Evans and Burr (76), Somewhat later Evans (77)
exphasizes the view that vitamin E holds an importsnt relstion
to general nutritional weil being. He (78) also points out
the difference between the degeneration of the reproductive
system caused by insdequate vitamin A and the fertilization
and énbsequent resorbtion characteristic of a lack of vitasmin
E, Foust and Relson (79) found that high levels of c¢asein
delay reproduction and interfere with lactation as is evi-
denced by the stunted growth of young,

For a more complete bibliography and review of the liter-

atm;e on nutrition the reasder is referred to HcCollum and

Simmond's recent bock {890).

ATt g
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EXPERINENTAL

b

Preparation of Materials

Casein,

Comercial‘ casein placed in large glass battery jars was
allowed to stand in contact with a ore percent sclution of
acetic acid for eight to nine days, The acid solution was
draiﬁed off through cheese cloth end replaced with fresh ecid
dsily., At the concluslon of the washing process the casein
was placed in enameled trays aund dried over a hot plate, care
being taken to prevent charring, The commercisl casein was
obtained from the Wilkins-Anderson Compasny of Chicago, Illinois,

Dextrin,

Commercial corn starch, made by the A, E. Staley Momu-
facturing Company of Decatur, Illinois, was worked into =
stiff paste with 2 solutlon of seventy-five grams of citric
acid in fifteen liters of water, Thils paste was placed 1in
enameled pans and autoclaved at fifteen pounds pressure for
two apd one-half hours., It was then thoroughly dried on the

hot plate ard ground,

Butter PFat,

A good grade of creamery butter was bought on the market,
melted below one hundred degrees centigrade, and the super-
natant fat decanted through & filter, The butter fat was

prepered as needed,




Salt Mixture 185,

The salt mixture devised by ¥cCollum and Davis (8) was
prepared as directed and used throughout these experiments at
three and sever~tenths percent level, The salt mixture fur-
niskes sodium, potassium, calcium, magnesium, iron, phospnsate,

sulphete, chiorine, and iodine,

Extracted Wheat Embryo.

¥heat embryc, obtained from the Washburn-Crosby Company
of Minneapolis, Hinnesota, was subjected tc continuous ex-
tractior with arhydrous diethyl ether, The extraction was car-
ried out in a percolator of about one kilogram capacity for
from twenty-four to forty-eight hours. Animals raised on 2
twelve percent level of this material as a source of vitamins

E, B, and G did not reproduce.

Wheat Embryo 0il,

The ether extract from the preparation of extracted whest
embryo contained the oil, The sther was driven off and the
residual oil used in the experiments, About eleven percent

of the original wheat embrvo was recovered as oil,
g N

Alfalfa Flour.Ash,

Commerciesl alfalfz flour was placed irn porcelainr crucibles
znd sshed to constant weight 2t 2 dull red hest in a muffle
furnace, Alfalfe flour yielded twenty-two and three-tenths

percent ash,

[P
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lgin crucibles in a cold muffle furnace and the temperature
gradually raised to five hundred degrees., The residue, &
gray powder, was forty-four percent of the original, This

residue will hereafter be spoken of as kelp ash,

Rice Polishings.,

The rice polisnings used in these experiments were ob-
tained from the Standard Rice Company, Inc, of Stutigart,
Arkaﬁsas. The guaranteed average analysis was: . crude oil or
fat eleven pefcent, protein eleven percent, crude fiber. two

percent, carbohydrates sixty-one percent,

Autociaved Rice Polishings.

The rice poliskhings just described were autoclaved at

fifteen pounds pressure for three hours,

Yeast,

The yeast was obtained, in the dry state, from the

Fleischman Company.

Antoclaved Yeast.

Autoclaving was done at fifteen pounds pressure for three

hours,

Sslits 12, .

This mixture was prepared by mixing equal guantities by
weight of HeF, ¥nS04.4H50, B2o5i0z and AIK({S04)2+12H20, The
material was thoroughly ground and mixed, and used as required.

It was observed to turn brown upon standing for several weeks,
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Iard,

Ordinary lard obiained from the local shops was used.

Antoclaved Lard,

The lerd was smtoclaved for one hour at fifteen pounds

pressure,

Buttermilk Powder.

Commercial huttemilk powder was used.

Cod Liver 0il,

" Squibbs cod 1iver oil was used without any additional
treatment.

~ The verious organs used were obtained for the most part
fron the Meat Laboratory of Iowa State CGollege, They were
fed g3 soon as possible after removal from the snimal, Tntil
mixed in the ration they were kept in the refrigerating room
of the mest Iaboz;atory end in no case used if there was the

slightest evidence of decomposition or putrefaction,

Dried Iiver,

The liver- that was fed dry was prepared by covering the
bottom of shallow enemeled pans with a very thin layer of the
material, placing these pans on woodern supports above a hot

plate a2nd dr»ying in a stream of air from an electric fan,

Egg Yolk,
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Presh eggs were placed in beiling water for fifteen

minutes, cooled, and the yolks separated.

Extracted Liver.

Five hundred gram lots of dried liver were placed in a
flask and refluxed twenby-four hours with eight mndred cubic
centimeters of anhydrous ether. The ether was decanted
thrcugh & filter and the residue washed with three hundred
cubid centimeters of fresh ether, This process of refluxing and
washing was repeated three times, The residue, hersafier spok-
en of ss extracted liver, was warmed tc remove ary residual
ether. It was found to contain eighty-three percent of the

dried liver,

Liver Extrsact.

The filtrates and washings from the preparation of the
extracted liver were combired and the ether removed, The
residue, a heavy viscous substance, aimost black, was sixteen
percent of the origiral dried liver, This substance will be

spoken of as liver extract.

Care of Anrimals

The animals were kept in wooden cages covered with gal-
vanized wlre sereerming, The bostom of the cage was a galvan-

ized iron pan that could be readily removed Tfor cleaning, 7The

bedding supplied was wood shavings, and was renewed as often
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as necessary to keep the cages reasonsbly clean, Pregnant fe-
males were removed to large Individual cages snd the bedding
not disturdbed until the litter was weared. Food was kept in
the feed cups sc¢ that the animals always had access to it,
Distlillecd water was available at 811 times, All cages were
inspected daily.

A number of the experiments were started at Irndiasna State
Teachers College, Terre Haute, Indliana, on young rats shipped
from Iowa State College, The experiments that were not con-
cluded at Terre Haute were finished at Ames, The animals were
returned tc Ames by express, As this transfer resulted in no
apparent change in the animals nc subsequent mention will be

made of it,

Presentation of Data

1. Soy Beans as the Sole Source of Vitamins B and &,

Three varieties of S0y beans were used in this series of
Investigations in order to ascertain if any differences might
e manifested by the different kinds, The vearieties used
were: Manchu, 2 yellow bean; Virginia, a btrown bean; and
Sabls, a black'bean. The beans were prepzared as previcusly
described and each of the three varieties used was fed at
tern, itwenty, forty, end seventy-three and three-tenths percent

levels, as the only socurces of vitaemins B and &, The dalance

of the ration consisted of: casein, eighteen percent; salt
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mixture 185, three and seven-tenths percent; filtered butter
fat, five percent; and sufficlent dextrin to make one hundred
percent,

The animsls welghed from forty-five to fifty-five grams
when placed on the different experiments, Six females and
three males were put on each level of each variety of scy bean,
When an animal died, it was usually replaced by one of like
sex weighing frem forty-five to fifty-five grems, No replace-
ments were made toward the end of the experiments, & recozxd
of each animel contained the following Gata: growth, number
of litters, number of young giver to mothers to be weaned,
number of young that died during the weaning period, averzge
weight of the young when weaned, mortality of adult males and
females, and the length of time the animal was on experiment,
A compilation of this data will be found in tsble I,

Growth curves for all lots were practicelly the same,
However, the animals on the ten percent levels, particularly
those on Yirgz‘.nié. 80y bean, 4id nolt appear in the best mtri-
tive condition, OFf the ten femsles pleced cn this retion
(ten percent Virginis soy bearn), six died before the experi-
ment was discontimmed, Very few females in this series of ex-
periments died in parturiticn or shertly after the birth of
young, Only three females from the seventychree and three-
tenths percént level of M¥Manchu soy bean end the same number
of femeles from the forty end theseventy~-ithree and three-tenths

percent levels of Sable bearn produced more than ore litter,
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Similar resulits were obtained on the ten ﬁercent level of
Virginia bean, 7The three females on this level of Vifginia
soy bean had two, six, and three litters respectively. On the
forty and sevéntybthree and three-tenths percent levels of
Virginia bean, only two femsles from each lot produced more
then one litter, and réproduction on the other two levels of
this bean was poor, On sasch of the other lots of the differ-
ent varieties of soy beans five or more femsles produced more
than one littef. The litters varied from two to nine for each
femele, Reproduction was good on the ten, twenty, and forty
percent levels of ¥asnchm soy bean, On.thesé levels of Manchu
80y bean twelve females had each from four to ssven litters
in a period of three hundred and twenty-five days. KReproduc-
tion was alsc good on the ten and twenty percent levels of
Sable soy beans, ten females on these levels producing from
four tc nine 1itters per femsle in three hundred and tweniy-
five days. Table II shows the mumber of litters for each fe-

male,
Table IX
Litters per Female on Soy Besans
Bfani Manchn Seble Virginia
10 : : :

8,6,5,7,8,3 (37):0,6,7,9,7,5,2 (36):0,0,0,1,1,1,1,?,6{
: =3 1157
20 :6,7,1,2,6,6,0 (28):8,6,6,5,3,6 {34):0,1,2,2,3,3,4 (15)

40 :7,6,7,3,3,0 (26):0,0,0,2,3,4  (9):0,1,1,1,4,5 (12)

o

73.5:0,1,1,2,6,5 (15):0,0,1,2,3,4 {10):0,0,0,0,1,2,6 (9)
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Some of the females were allowed to raise i;heir young.
In order to place an equal burden on all females the number
of young given to an snimal to rsise was limited to six, If
six or less young were born the female was permitted to bave
the entire litter. The percent mortaiity of the mirsing young
decreased as the percentage of soy bean Increased. The Hen-
chu soy bean seemed to give slightly better results on rear-
ing of the young than the other two varieties, The poorest
results in this respect were obtained on the ten .and twenty
peréent levels of Sable and the ter percent level of Virginia
scy beans, the mortality being one hundred percent on these
three experiments, In all other cases the mortality varied
from twenty-five to eighty-three percent. The mortalities on
the different levels 'of Hanchu soy bean were sixty, fifty,
thirty-one, snd forty~three percent for the '!;ézz, twenty, forty,
end Seventy-three and three-tenths percent levels respective-
ly. The mortalities for the same levels of Sable soy bean
were one hundred, one hundred, seventy-two, and twenty-five
percent, whereas for the Virginia soy bean the mortelities
were one hundred, eighty-three, seventy-one and thirty-three
percent, Whenr the young were weaned their average weight was
considerably below normal, in all cases, except one litter of
five, which was reared on the twenty percent level of Virginis
soy bean, . The litter averaged forty grems 2t twenty-elght
days., The younz from the other mothers on the various levels
had an average weight of from twenty-three to thirty-six

grams when weaned at twenty-eight days.
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2. The Supplementary Value for Lactation of Various Animal

Tissues.

Satisfactory lactation was not obtained in any of the
preceding experiments where soy beans were the sole source of
vitamins B and G, It was therefore deemed advisgble to as-
certain if the soy bean rstion could be supplemented by a
single foodstuff so that laetation would be normal, Animel
tissues were chosen as the supplementary food for éevaral
reasons, If an snimal needs a special dietary substance for
lsctatlon it seems reesonsble to suppose that such a substance
is 1ikely to be present in the normsl tissues of other animals,
The presence of ar sbbatoir on the campus made it possible to
obtaln and feed wvarious organs without resoriing to any pre-
servative process other than keeping them cold.

The evidence ¢f many previous workers seems to Indicate
that animels do not have the é‘bility to store vitamins B and
G, Pregnant females from the breeding stock were therefore
used as the experimental snimal, The stock animsls had been
raised on a mixture of feeds that has prover comparatively
adequate over a period of years, The litters were delivered
from one to five days after the animals were placedin indi-
vidual cages 0;1 the experimental diets., Zach female was given
six young to wean, This mumber, six, was arbitrary but seemed
sufficient for any one mother to care Ior and should' pigce an
equal burden on all the females so that interpretation ¢f the

results ought to be more easy of accomplishment. The animals

[Ty —.
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had access to distilled water and the experimental fations at
all times. The young were considered weaned at thirty days.
Records were kept for each experiment ¢f the mumber of litters
born, the mumber of young given to mothers to wean, time of
death of young, number of young weened, and the average weight
of the young on each raticr wher weaned, Observaticn hss
shown that oceasicnally femasles kept on the growing ration re-
fuse to nurse their young and evexn kill them at btirth, For
thils reason the calculstion of the percent mortaiity of the
young is based on the number surviving cn the eighth day.

The control diet cornsisted of the following: casein,
eighteen percent; sait mixture 185, three and seven-tenths
percent; filtered butter fat, Tive percent; Virginia soy bean,
fifteen percent; and dextrin, Pifty-eight and three-tenths
percent, The mortality of the young on this diet was eighty-
eight percent and the average welight of the four young that
were weaned was twernty-two grams. The other rations were
similar in composition to the control diet, except that part
of the dextrin was replaced by the various organs umder in-
vestigation, The organs tested were tkhe following: lung,
spleen, pancreas, brain, kidrney, thymus, and heart. They were
obtained from.iogs and cattle, The organs were Tinely ground
and mixed into the rations while fresh, Hog lung and spleen
were fed at thirty percent levels and the rest of the organs
et twenty-five percent levels, MNoisture determination on the

various orgaens gave the following results: hog lung, eighty-

e ek b n b st
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seven and seven-tenths percent; hog spleen, severty-five and
six-tenths percent; hog liver, seventy and four-tenths per-
cent; hog kidney, seventy-four percent; heg trairn, seventy-
three and five-tenths percent; hog pancreas, sixty-four and
two-tenths percent; and beef heart, seventy-eight percent. It
is believed that the slight variation in moisture content of
the various organs does not aprreciably affect the compara-
tive results as given in tadle III.

The percent; mortelity of young from the mothers receiv-
ing the verious orgsns was for keog lung, ninety-four; for hog
spleen, seventy—qne; for hog pancreas, forty-seven; and for
beef thymus, sizty; The average weights of the young when
weaned from mothers receiving the same organs was: twenlty-
two, thirty-one, forty-five, and twenty-six respectively,

Hog pancreas seemed to give slightly better results than beef
pancress, The average weight of young when weaned from
mothers on beef pancreas was lower (forty grams) and the per-
cent mortality lower (forty). The percent mortality of these
young, however, was still considéra‘bly higher than on many
other rations, Brszins, betk beef and heg, did rot give guite
as good resulits as pancreas, The percent mortality on hog
brain was fort:y‘--five, whereas on beef braln it was twenty-six,
The young from mothers on hog brain averasged thirty-two grams
wnen weaned, while the young from mothers recelving beef
brair everaged thirty-three grams when weaned, The morital-

ity of young from mothers receiving beef heart wes seventy-
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Tatle TII

15% Soy Bean + Various Organs

tNo, : Mo, :Died:Died:Died :% Xortal-:No, :Average
Meet sLit-:Young:0 - 7:8-14:15-30: 1ty after:Wemm-:weaning

sters: :days:days:days : 7th day :ed :wt.gms.
o : 8:28 :15: 0:20 : 88 : 4: 22
» Luang : : : : N : :
(Hog) : 8:48 : 14 :13: 18 : 94 : 2: 22
30% Spleen : : s : s : : :
{Hog). : 8:48 : 0: 0: 3¢ : 971 $ 014 : 31
25% Pancreas: . : : : : : :
(Bog) : 8:48 : 6: 0 : 20 : 47 1 22 ¢ 45
25% Pancreas: : : : : : : :
(Beef} : 8:48 : 0O0: 5 : 14 - 40 : 29 ¢ 40
25% : : s i : i
(Beef) : 8:48 ;: 0: 6 : 24 : 60 :20: 26
| 254 Brain :  : :r : s
{Bog) : §:54 3 1: 9 :3%2 : 45 136 : 32
25% Brain ; : : : : : ; :
{Beef) : 8:48 : 6: 1: 310 : 26 : 31 : 33
.25¢ Kidney : : : ;. . : :
(Bog) : 9:54 : 6: 4&4: 2 : 14 : 36 : 63
25¢ Beart . s s : : . : .
(Beef) : S :54 : 6 :15: 20 : 73 : 13 ¢ 42
254 Tiver : : : : : : :
(Beef) P 9:54 : 4:312: 2 : 28 : 36 : 61
254 Tiver : : : . : : :
(Bog) :10: 60 :17: 8: 3 : 85 2 32 687
25% Egg Yolk: 5 : 30 :13: O: 4 : 23 : 13: 59
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three percent while the young that were weanéd averaged forty-
two grams, The best resuits in this series of experiments
were cbtzined on diets supplemented withr twenty-five percent
of elther hog kidney, beef liver, hog liver, or egg yolk,

The young from animels on hog liver, beef liver, kidrney, snd
egg yolk all had about the same low percentage merizlity and
the average weaning weights or all four of these supplementsry
food materials was fer above those obtained when the cther
crgans were used, The mortalities of the young on these tet-
ter supplemertal foods were, hog liver, twenty-five percent,
beef liver, twenty-elght percent, hog kidney, fourteern per-
cent , and egg yolk, twenty-three percent, while the average
weening weights were sixty-seven grams, sixity-one grars, sixty-
three grams, and fifty-nine grams, respectively.

The effect of feeding different levels of hog liver was
next tried., The same basal ration containing fifieen percent
of soy besn wes used, and the other rations contained hog
iiver from five to thirty percent in place of an equivalent
amount of dextrir, 4 compilation of the results sppesrs in
tabtle IV, The morizality on the basal raticn was eighty-eight
percent, on the five percent level of hecg liver £ifty percent,
on the fifteen .percent of heg liver thirty-nine percent,
twenty-five percent on the twenty-Tive percent of hog liver,
while only three percexnt moritality was obtzined orn the thirty
percent hog liver, The average wearning weights in the same

order were: twenty-two grams, thirty-eight grams, sixty-one
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grams, sixty-seven grams, and sixty-eight grams,

Teble IV

15% Soy Bean + Liver (Hog)

:Died Died :Died :% Mortal-: :Average
£ : ¥o, : ¥o, :0-7:8-14:15-30:ity after: ¥o. :weaning
Liver:Litters .Young days:days:days : 7th day :Weaned:wt. gms,

(1]
(1)

”»”
o
(2]
e

0: 8 : 48 :15: 0:20 : 88 : & : 22
5: 8 : 48 : 6: G:21 : S50 : 21 : 38
15: 10 : 60 : 9:17: 3 : 39 : 31 : 61
25: 10 : 60 :17: 8: 3 :+ 25 : 32 : 67
0: 7 . 42 :12c 0: 1 5 : 20 : 68

The extensive experiments of Guest, Nelson, Parks, and
Fulmer (18) have beenr previously discussed, Recalling their
difficuity with lactation, it was decided to itry supolement-
ing one of their dlets with verious levels of hog lilver, The
diet selected consisted of casein, elghteen percent, filtered
butter fat, five percent, salt mixture 185 three and seven-
tenths percent, wheat, thirty percent, and dextrin forty-
three and three-tenths percent, This retion wes fed as a
control to a number of females with young, as in the preced-
ing experiments., Another group of rats received this same
ration with five percent of hcg liver in place of an egusal
quantity of dextrin, whereas two other lots received fifteen

and twenty-five percent of liver for egquivslent guantities of
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dextrin, The data obtained are presented in table ¥V, The

Table ¥

30% Wheat + Liver (Hog)

: : :Died:Died:Died :% Hortal-: :Average

¢ : No, : No.,:0-7 :7-14:15-30:1ty after: No, :weaning

Tiver:Litters:Young:days:days:days : 7th day :Weaned:wt, gms,
0: 7 :42 : 5: 4: 8 : 32 : 25 : 24
5: 4 :2¢8 : 4: 5: 9 : T : 6 : 34
15: 6 -:3 :16: 2: 0 = 10 : 18 : 5
o5 : 6 :36 :12: 0: 2 : 8 : 22 : 50

mortalities on the rations in the order named &ere thirty-
two (for the control), seventy, ten, and eight percent, The
average weaning weights were: twenty-four, thirty-four,
fifty-one, and fifty grams respectively,

It became. obvious from the preceding experiments that
the lactatlon promoting value of a diet where hog liver was
the sole source of vitemins B and G should be tried, Conse-
quently a diet consisting of casein, eighteern percent, fil-
téred butter fat, five percent, salt mixture 185, three and
sever~tenths percent, various levels of hog liver, and suf-
ficient dextrin to make one hundred percent, was used, The
1evéls of hog liver incorporated into the rations were, five,
fifteen, twenty-five, and forty percent, The mortalities of

the young in the experiments (table VI) were fcund to be one
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hundred percent on the five percent level of hog liver, fifty-

TFable V1
Liver (Hog)
: : :Died:Died:Died :% Mortal-: :Average
g : ¥Yo. : No, :0-7 :8-14:15-30:1ty after: ¥No. :weaning
Liver :Litters Young:days:days:days : 7th day :Weaned:wt, gnms.
5: 6 : 56: 0: 0: 36: 100 : 0 : —
15: 9 : S54:311:12: 11 : 55 : 20 : 55
25: 8 : 48: O0: 7: 8: 31 : 33 : 55
40 : 7 : 42: 0: 1: 4: 12 : 3 : 66

(1]

three percent on the fifteen percent level, thirty-one percent
on the twenty-five percent level, and on the forty percent
level the mortality was twelve percent, In the same order
the aversge weaning weights (omitting the five percent level
on waich no young were weaned) were: fifty-five grams,
Pifty-five grams, and sixty-six grams,

In the first series of experiments egg yolk was found to
give good resulis on lactation when a twenty~five percent
level supplemented a fifteen percent level of soy bean (table
II). Therefore, two lower levels of egg yolk, supplementing
the same basal ration, were tried on separate lots of animals,
The results appear in table VII, The five percent level of
egg yolk gave a mortality of forty-two percent with an aver-
age weaning weight of thirty-six grams, while on the fifteen

Tt gy = e 4 e b et e = e 1 e
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percent of egg yolk the mortality and average weaning weight
of the young were found to be sixty-one percent and thirty

grams respectively,
Table VII

15% Soy Bean + Egg Yolk

Z : T sDied:Died:Died :% Mortal-: :Average
Egeg : No, : FHo, :0-7 :8-14:15-30:ity after: To, :weaning
Yolk:ILitters:Young:days:days:days : 7th day :Weaned:wt, gms.

0: 8 :48 :15: 0: 29: 8 : &4 : 22

5: 4 :2¢8 : 0O:-4: 6: 42 : 14 : 36

15: 4 :28 : 6: 3: B8: 61 : 7 : 30

25: 5 :30 :13: O0: 4: 25 : 13 : 59

e ¢¢

o
(2]

- Farther investligations were carried out using wvaricus i
preparations from liver, It was first thought desirable to
feed dried liver as a supplement to the fifteen percent soy
bean ration, The lliver was placed in a thin lsyer on shallow
pans and put in an oven regulated to maintair s temperature
of one hundred degrees centigrade, The liver was left in tirxe
oven over night and in the morning it was observed that the |
temperature cc;ntrol had stuck and the temperature hed risen
to one hundred and twenty degrees centigrade, 4s such & tem-
perature would effectively destroy vitamin B, it was decidec
to try the supplemental action of this dried liver, %The fif-

teen percent soy bean ration was used with dried liver equi-

Pr eo—
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valent to thirty percent of the fresh material replacing
thirty percent of the dextrin, The mortality of the young
from mothers on this ratiorn was one hundred percent. These
results and the results of subsequent experiments in this

series of investigations are given in table VIII,

Table VIIX

¥iscasllaneous

0,3 :Died:Pied:Died:% Hortals Ho, :Average
Composition :Tit-: No, :0-7 :8-14:15-3CQ ity afterWean-:weaning
ters:Young:days:days:days:7th day : ed :wi, gms,

dY oa o

Liver dried : :  : oz oz :
e 120°¢C, : 5: 30 : 0:12:18: 100 : O : —
Tiver dried :  : : o+ s s . :
on hot plale: 8 : 48 : 1 : 3 : 13 : 34 : 31 : 45
Liver ext, : : : : : : : : ‘
+ Extid. l3wer: 6: 36 : 0 : 6 : 12 50 : 18 : 40
Tiver ext. ¢ 5: 30: 6: 0:17: 57 : 7 3: 18
Ext'd 1iver - 4 : 24 : 2: 0:14: 58 : 8 : 40
12 Yesst : S8: 48: O: 6: 0: 12 : 42: 42
124 Yeast + : & : s s . : :
1.3%2 Kelp = : : : : : : :
ash s 4 : 24 : 1: 0O0: O: 4 : 23 : 33

Dried liver, prepared as described under “"Preparation of
Heterisls®, was incorporated inic 2 raticn mede up irn the same
oportion as that in which the inadvertently heated material

wasg used, Thils ration when fed to gnother lot of animals gave
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a mortality of young of thirty-four percent and an average
weaning weight of forty-five grams, |

Paree lots of rats were put on experiment using the. ex-
tracted liver snd liver extract previocusly described. The
fifteen percent soy bean ration was again used as a basal ra-
tion. The ration fed to the first lot of animals cortained
both extracted liver and liver extract equivalent to thirty
percent of fresh liver., This material replaced thirty percent
of dextrin, The second lot of rats received & ration in which
extracted liver equivalent to thirty percent of the fresh
material replaced thirty percent of dextrin, and the ration
of the third lot had thirty percent of the dext’riz:; replaced
by liver extract equivalent to thirty percent of fresh liver,
The percent mortality of the young whose mothers received
both liver fracticns in the diet was fifty percent, whereas
those young vhoée mothers received the extracted liver in
the ration had a mortality of Pifty-eight percent, while
those on the remaining retion, which contaired liver extract
as a supplement, had a mortality of fifty-seven percent., The
average weaning weights in the same order were forty grams,
foi'ty grams, and eighteen graums,

Yeast is x;eported by a m:mbér of investigators as con-
taining considerable amounts of both vitamins B and G, Con-
sequently & series of experiments was designed to test its
value in stimmlating lactation, Females from the breeding

stock were used in the same manner as in the preceding ex-
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periments, One lot was put on s ration of the following com-
position: casein, eighteen percent, filtered butter fat,
five percent, salt mixture 185, three and seven-tenths percernt,
dried yeast, twelve percent and dextrin, sixty-one and three-
tenths vercent, A second lot recelived the same ration except
that one and three-tenths percent of kelp a2sh replaced an
equivalent smount of dextrin, It was thought desirable to
£ind 1f inorgsnic material such as is found in kelp would
supplement a substance, such as yeast, which is reported to
contain sdequate amounts of vitamins B and G. With yeast as
the sole source of vitamins B and G the percent mortality was
found to be twelve and the average weaning weight of the
young to bs forty-two grams, When the diet was supplemented
with kelp ash the mortality was four percent and the average
weaning weight thirty-three grams,

In the preceding studies on lactation three of the fe-
males dled before their young were weaned, As the death of
the females counld not be attribtumted to any fault in the diet,
no record was made of them or their young in compiling the
data, There was one of these animals on each of the follow-
ing rations: fifteen percent soy bean supplemented with
thirty perceni:; liver, forty vercent liver, and fifteen percent

soy bean supplemented with extracted liver.

3. Rice Polishings as the Sole Source of Vitamins B and G,

The experiments on rice polishings were carried out in
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g marmer similar to those on soy beens, Young rats weighing
from forty-five to fifty-five grams were used as the' experi-
mental animal, six femsies snd three males being plsced on
each experiment, The experimental rations consisted of:
.casein, eighteen percent, salt mixture 185, three and seven-
tenths percent,A filtered butter fat, five percent, various
levels of rice polishings, snd sufficient dextrin to msake one
hundred éercent. The 1eveis of rice polishings used were
ten, t\éenty, fifty, and seventy-three and three-~-fenths per-
cent, In the ‘early days of the investigstion when an snimsl
died it was replaced by one of like sex welghing from forty-
five to fifty-five grams, 4 record of each snimsl contained
the following Qate: growth, number of litters, number of
young, number of young given to mothers to be wesned {six per
femele )}, mumber of young that died during the weaning pericd,
average weight of the young when weesned, mortslity cf adull
males and females, and the lergth of time the animal was on

experiment, The resunits are given in table IX,




Fgble IX

Rice Polishings
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Growth on the twenty percent level was more rapid than
normal, On the other thrse levels ths growith curves sppesr-
ed to be normsl, With the exceptior of two fomsles that died
during parturition all of the females on the different levels
of rice polishings produced three or more litters. The mor-
talities of the young were 2ll sixteen percent or below with
the exception of those whose mothers received twenty percent
of rice polishings, The mortality of young on this level was
thirty-eight p.ercent. The highest a*.verage weaning weight of
young was obtained on the ter pereent level, the average
weight of young when weaned Ifrom mothers receiving this ra-
tion being forty-three grams, The weaning weights of the

young on the other three levels of rice polishings were thirty-
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six, thirty-three, and thirty-seven grams for the twenty,
f£ifty, and seventy-three anﬁ three~-tenths percent levels re-
spectively. Observation of animels on the growing ration
shows average wesning welghts of between forty and forty-five
grams, Hence it would appear that the lowest le_vel of rice
polishings used gives the best results in so for as lactation
is concerned,

?ariéus vbrkers have posbuicted & high lsvel of vitamin
B as being necessary for lactation., It was thought deslrsble
to find out what would be the effect on the animals if the
vitemin B in the rice polishings was destroyed, The rations
were therefore sltered to include autoclaved rice polishings
in place of the untreated rice polishings thsat had been pre-
viously fed., The snimals that had received the unitreated
rics polishings were transferred without interruption to the
new diet, The same date were collected as before 2nd is pre-

sented in teble X,

S
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Table X

Autoelaved Rice Polishings
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It was observed within s few days that the nutritionsl
well-being of the enimglisg, particularly the males, was being
seriocusly affected., This was especisily true of those on the
ten and twenty percent levels, On the ten percent level the
last male died on the forty-third day. The sbility of the
mothers to raise their young was decidedly less on the tern
and twenty percent levels but 1little difference was noted on
the higher levels, Reproductior stopped on the twenty-sixzth
day on the ten percent level snd on the forty-first day on
the twenty percent level of autoclaved rice polishings., On
the other two levels reprodu.cticn persisted until the experi-

ments were discontinued,
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4, Butter-milk Powder as the Sole Source of Vitamins B snd G.

A murber of investigstors have used milk and milk pre-
parstions in various mxtritional studles, They have found tie
dietary properties for reproduction end lactatiorn to be gen-
erally poor for such substences, The dletary value of butter-
milk powder was not found reported in the literature so 2
series of experiments wes designed %o test such valuwes of this
substance, Tcung aninmsls, weighing from forty-five to fifty-
five grems were used as in the preceding experiments., Flve
femzles and three males were placed on each experiment, &s
before, those animals that died in the early -days of the ex-
periment were replaced by young cf the same sez. The levels
¢ butter-milk powder used were foriy, sixty, and seventy-
three ard three-tenths percent, the balance of the ration con-
sisted of: casein, eighteen percent, salt mixture ‘185: three
and seven-tenths percemt, cod liver oil, five percent, and
sufficient dextrin bo make one mundred percent, The cod liv-
er oll was fed daily by mixing it into s proportionate smount
of the experimental ration, A record of each animal containQ
ed tkhe following data: mortalily of adults, growth, number
of litters, number of young, mumber of young given to mothers
to wean (not morve than six per litter), mortslity of young
and the length of the experiment, The results will be found

in Eeble XTI,
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Fable XI

Butter-milk Powder
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Formel growth was obtained on both the forty and sixty
percent levels of butter-milk powder, The seventy-three and
three-tenths percent level gave subnormal growth butb all of
the animals reached meturity, On the forty percent level
only one femsle produced more than one litter, snd she had
four, Of the five femzles on the sixty percent level of dub-
ter-milk :powder two did not have any litters ard the other
three had seven, sixz, and two litters, Xo litters were pro-
duced on the seventy-three and three-tenths percent level,
Iactatior on the two levels tried was very poor, ail of the
young dying uniformly from the fifteenth to the eighteenth
day.
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5. The Supplementary Velue of Kelp for Growth, Reproduction,

and Tactabtion,

Kelp is & very asbundant seaweed that contains consider-
able amounts of Iodine and potassium as well as the other
elements charscteristic of plants, Beecsuse of its svail-
sbility it was decided $o investigate its dlstary properties,
particularly as a supplementary food material, Toung snimsls
weighing from forty-five to fifty-flve grams were used In
this series of experiments, Ths levels of kelp fsd were one,
three, elght, ten, and twenty-five percent. On ths one,
three and eight percent levels the balance of the ration con-
sisted of casein, eighteen percent, salt mixture 185, three
and seven~tenths percent, filtered tutter fat, five percent,
yeast, twelve percent, end sufficient dextrin Yo make one
hundred percent, In the rations contalning ten and twenty-
five percent kelp, tThe yeast was repliagsd by an egual amcunt
of exbracted wheat embryc., 2 compllation of the dete ob-

tained in these experiments is givern in table XII,
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Table XII

Kelp + Yeast
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Better thar rnormal growth was obtained with the enimals
on the one and three percent levels of kelp, while the snimals

ol

the eight, ten, and twenty-five percert levels gave normal

growth curves, All the females in this serles of experiments

gave birtk to two or more litters, Lactatiorn on the one,

three, and eight percent levels of kelp was better than that

obtzained on the growing ration, On these levels of kelp the

mortalities of young were, in the crder named, six, zero, and

six percernt, while the weaning welghts at twenty-elght days

were fifty-one, forty-six, and forty-eight grams respective-

1iy.

It will be recalled that on the above levels of kelp
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yeast was used as the sole source of vitamins B and &, Lac-
tation was somewhat poorer on the ten and twenty-five percent
levels of kelp, the morbalities of the young being sixty-nine
and sixty-four percent, while the average weaning weights were
twenty~-six and thirty-three grams respectively, The last two
levels of kelp were fed with extracted wheat em‘bryo as the
source of vitamins B and G,

After the two hundred and sixbty-sixth day sutoclaved
yeast wes uséd in meking up the retions contsining the cne,
three, and eight percent levels of kelp; the results are shown
in table XIIX, t willil be observed that reproduction stopped

Tebile XITII
Kelp + Autoclaved Yeast
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very soon after.the change in diet was made, the last litter
being obtained on the fifteenth day from the femsles on thé_
diet containing one percent kelp, on the first day from those
on the three percent kelp diet, and on the thirtieth day from
those on the eight percent kelp diet, The quality of lacte-
tion as evidenced by the few young that were tried was con~
siderably below that obtained before the yeast was autoclaved,
There was one hundred percent mortslity of the ope 1itter
whose mother received the one percent level of kelp, and
while the mortality of the young whose mother received the
eight percent level was only sixteen percent, the average
weaning weight of thirty-seven grams was somewhat below that
obtsalned before ths yeast was sutoclaved.

6, The Supplementsry Vslune of the Ask of Foods in Stimmlating

Reproduction,

"Young rats were agein used as the experimental animal,
Pive tc elght females and three males were used ixn sach ex-
periment, The dlets used in these experiments all contained
casein, eighteen percent, salt mixbure 185, three and seven-
tenths percent, filtered butter fat, five percent, twelve
percent of eit;ner yeast or extracted wheat embryo as s source
of vitamirs B and &, various smounts of ashed substances, and

dexirin Lo make one bhundred percent, Table XIV

o -
sufficien

L4

shows & summery of the results.
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Table XIV

Mineral Supplements
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Satisfzctory growth was obtained or all rations, As a control,
raticon number ore contained twelve percent of yeast with no
additional supplement. The resuits of a2 similer control using
Lan =mTana~ -~

1 — - ~o —a Al 2 Ty o <+
twelve percsnt of szbracted wheats SWOTFC il paale 88X Feasu &as

a source of vitamin B and &, will be found in group 1l,
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Previous experiments with kelp had given satisfactory
reproduction, In order to determine if the minerals of the
kelp were responsible for reproduction, different 1ots of
rats were fed rations two, three and four, which contained
twelve percent of yeast and various asmounts of kelp ash, Ra-
tion number two had 0,.43% of kelp ash as & supplement, This
amount of ash was equivalent to feeding one perceant of kelp,
Of the seven females placed ¢n this ration only two prcduced
litters, One female kad cne litder and ths othsr four 1it-
ters, The last litter was obtained on the one hundred and
thirteenth day, Hation mmber three conrtained one arnd three-
tenths percent of kelp ash which was egquiveleznt to & three
percent level of kelp, EReproduction on this level of kelp ash
was somewhat better, the sever females having one, two, three,
three, three, four, and five litters, Fowever, reproduction
kad stopped on the two mmdred and thirty-first dey, Ratién
four conbalned three and five~tenths percent of kelp ash
{equivalent to eight percent of kelp). OFf the six femszles on
this ratior three 4id not heve sny litters and the other
thres had one litter each, Mo litters were observed afier the
one hundred and tenth dey.

It will be reczlled that satisfactory reproduction was
obtzined with soy beans on the ten and twenty percent levels
of three different varieties, Again the question 2s to the
value of the mineral conbtent for reproduci:ior; was invesviget-

ed, Irn this instance two varieties of soy bean were ashed,
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the Menchu and the Sable, The ssh of these beans, fed at a
one percent level, was equivalent to sbout twenty percent soy
bear, In both of these experiz:{ents & twelve percent lewvel of
extracted wheat embryo was used as s source of vitamins B and
G, Experiment number five coniained the ash of the ¥anchu
soy bean, OFf the six femsles used in this experiment one pro-
duced tkhree litters, two produced o.ne l1itter each and three
females did not preduce iitters, The last litter wes obtained
on the one hundred and seventy-sixth day, Those females re-
ceiving one percent of Szble bean ash (experiment mrrber six)
showed slightly better results, The six females used in this
experiment all produced litters, the numbers of litters per
female being one, one, two, two, three, end three, Reproduc-
tion hsd stopped on the two hurndred and forty-second day.
Previons experiments in this leborstory hed shown thai
animels receiving 21falfs flour as the sole source of vitamin
E reprecduced normally, It was therefore thought advisable to
try the supplementary effect of the ash of 8ifelfs flour,
The ash was fed to three groups of znimals represented in
table X¥, as groups seven, eight, and nine, Group seven re-
ceived one and one-tenth percent of alfalfs flour ash (equi-
valent to a five percent level of alfaifa), groups eight and !
nine received two and two-tenths percent of the ash, Groups

seven and eight received & twelve percent level of extracted i
vheat embryc as the sole scurce of vitamins B and &, For

group nine, twelve percent of yeast replaced the extrascted
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' whea}: embryo as s source of these vitamins, Fo litters were
obtained from sny of the five females on the one and one-
tenth level of glfalfs ash, The experiments were disconiimmed
on the one hundred and eightieth day, Of the five females in
group eight only two produced iifters and they had only one
litter each, Ko litters were observed aiter the one hundred
and fiftieth day, The ninth group of snimals, which received,
like group sight, two and two-tenths percent of alfglfe ash
but had the exbtracted wheat embryo of their diet replazced by
yeast, did not produce any litters,

Daniels and Euntton {22) fourd that rats on milk alorne
failed to reproduce but when a mixture of pure salts (salss
12, Preperetion of Msterials) was sdded to the milk s diet was
obtained that gave normal reproductior, It was thought de-
sirable to test thess salts with 2 purified ratiorn, Conse-
quently & group of esnimals (table XIV, mmmber 10) was fed =
ration similar to those used in the other experiments of this
series, A twelve percent level of yeast was used as & source
of vitemins B and €, The diet was supplemented by a 0,063
level of salts 12, Of the six females used in tkhis experi-
ment only one gave birth to young, end she only had two 1it-
ters, the last. one on the ninety~seventh day of the experiment,
The experiment was discontinued at the two hundred and fdrty—
second day,

Fresh males were added to groups two, four, five, and
six on the two hundred forty-seventh, two hundred forty-

-
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seventh, two mundred sixty-first and two hundred end sixty-
first deys respectively, The results for the ensuing ninety-
seven days are given in teble XV, It will be recalled that

Table XV

Addition of Presh Hales
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reproduction had stopped on these four experiments, The ad-
dition of fresh mzles resuited in the femeles in all groups
agair producing litters, The first two groups represen‘qe&

in table XV had been receiving yeast and the second two groups
hed been receiving exbrescied wheal embrye as o souree of vib-

amineB and G, Of the Pive litters obtesined from the first
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group three came from cne female and one each fror twoe other
females, A1l of these females had produced litters irn the
previocus experiment, In the sscond group four famsgles each
produced one litter, Two of them had not previously hed any
young in the preceding experiment, One fenale of the third
group produced two litters and ancther one iitter, The latter
female had not preﬁously preduced 2 litder, In the fourth
group the four litters were produced by three femsles. The
one thet had two litters had not had sny litters before., The

other two had hed litters,

7. The Effeet of Lard on Growth, Reproduction, and Lactatlon,

Tard has been reported as having a destructive action on
certain vitemins, It was therefore decided to test the ef-
fect of sdding lard to varions rations, TYoung arimals wWere
used as in the preceding experiments. The first group re-
ceived = control ration consisting of casein, eighbeen per—
cent, sait mixbure 185, three and seven~senths perceni, and
extrected whest embryo, ten percent, A dsily addition of
five percent of cod liver oil was made to the raticon 2s it
was fed to the snimels. The balance of the ration was dex-
trin, The resﬁli;s are given in table XVi, Corntrary tc ex-
pectaticns twenty 1itters were cbtained from ihe four femsles
{esch female bad three or more litters) put on this dlet, and
while the percent mortality (sixty-five percent} of the young

wes high their average weaning weight (Porty-four grams) was
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good. The second greoup of rats received a rztion conteining
the ssme amounts of casein, salt mixture, extracted wheai
embryo, and cod liver oil. Fifteen percent of lard replaced
an equal amount of dextrin, The entire rabtion was made up in
one kilogram quantities as needed, Hone of the five females
on thls ratiorn produced any young, £ third group of snimals
received the seme ration as the secord group., However, the
cod 1iver 0311 was not mixed intc the ration until forty-sight
hours before feeding, The five litters obieined on this ra-
tion were produced by three femsles, two of them yielding twe

litters each, The young given 0 the mothers to wean suffer-
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ed a one hundred percent mortality, Two females on this ra-
tion died in parturition, The rztion fed to the fourth group
of animels was exactly the same as that fed te the third
group, except that the cod 1iver.oil was added to the ration
daily. The four femsmles gll prodnced more than four litters
each for a total of twenty-two litters, However, lactation
was poor, the percent mortality of young being high (ninety-
three percent) and the average weaning weight (twenty-six
grams) being poor. The last ration fed in this series of ex-
periments was identical with that fed the secord group of
animals with the exceptlion that previous. to mixing in the ra-
tion the lard was heated for cne hour at fifteen pounds pres-
sure. On this ratlon three females had two iitters each, one
female had one litter and enother feﬁale had three litters.
One female died iIn parturition sfter having had two previous
litters, The young from females on this ration had & mortal-

ity of sixty-seven percent and sn average weaning weight of

thirty-seven grams,
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DISCUSSION OF RESUILTS

Other workers have reported that, in order to get normal
growth, it is necessary to use twenty-five percent or more of
soy beans, as the sole source of vitamins B and G, In the ex-
periments deseribed irn this paper normal growth was obtained
with a ten percent level of each of threé varieties of soy
beans used, The difference between these results and those
obtained by other Investigators is probably due to the fact
that others cooked their soy beans under fifteen pounds pres-
sare while the soy beans used in tkis investigafion:were cook-~
ed at atmospheric pressure, It has been definitely shown by
a number of‘workers that high temperﬁtures will destroy vita-
min B, Previous investigations on soy beans did not differ-
entiate between vitamirns B and G since the dual nature of
vitamin B was unknown at that time.

Three varieties of soy beans were used in this series of
investigations irn order to ascertain if any difference might
be manifested by different kinds. Little difference in the
dietary values of the different varieties was observed, alé
though the Hanchu soy bean did give somewhat better results
on reproduction and lactation than either the Virginia or
Sable soy beans, Growth, contrary to expectations, was found
to be normsal on all the levels ¢f soy besn used, It was ex-
pected that if the ten percent level gave normal growth, then
the higher levels would shiow ar improved rate of growth,




However, those animals on the tenr percent levels did not ap-
pear in the best mutritive condition, Guest, Nelsoxi, Parks,
and Fulmer (18) observed in thelr studles on various grains
that meny females died in parturition or shortly after the
birth of young, The results of this :I.niestigation show that
only a few females died during this period on the soy bean
rations, not néarly as many as reported by the above authors
on the grain rations, The reason for this difference in mor-
tality the writer does not know, There was a decided decrease
in reprcduction on the higher levels of soy bean as compared
to the normal reproduction obtained on the lower ievels. This
peculiar result 1s difficult to explain, It may be that on
tke higher levels the enimgls have & high intake of protein
of such a gunaslity that normal metabolism is interfered with
in 2 way s to effect reproduction,

Various workers have postulated a high level of vitamin
B as being necessary for lactation, The results of these ex-
periments indicate this to be true, However, something else
seems to be izecaessary for normal lactation, In this series

of investigations normal growth was obtaired on the ten per-
cent level of soy bean, One would think that forty to seventy
percent of so-y bean would furnish sufficient additional vite-
mins B and G for normal lactation, The high mortality of

nursing young and the low weight wher weaned indlicsies that
there may still be something, possibly of ar unknown nature,
which is necessary for normal lactation and conseguently for

(SR,
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a complete diet,

With this ides in mind, it was decided to invesiigate

the supplementary values of verious organs, The resulits od-
tained {table III) indicste thet lung, spleen, and thymus
have 1ittle or no supplementary value, Pencreas, brain, and
heert gave ar improved rate of growth and a lower mortalitby

of young, but the results were far from being optimum, Witk
liver snd kidney, bowever, a low mortality and an extrzordinary
rate of growth of young was obtaired, ¥Ho record of such rapid
growth of young as was obtained in these experiments wes found
in the litersture. Diets which were beliex.red to contain a
large excess of vitaming B and G have been fed, Yourg from
mothers receiving such a diel weigh muck less at thirty dags
than those whose mothers received the liver supplements, such
as described in this thesis, The young 2lso hed e remeriebly
sleck end mell-nonrished appeerance, One of the msles whose -
mother received fifteen percent soy bean supplemented by
thirty percent liver (table IV) weighed ninety grams when
weaned &t thirty cays.

& comparison of tables IV and VI shows that liver as the
sole scurce of vitamins B and G does not give gquite as good
results on the different levels as when it is supplemented by
fifteen percent of soy bean,

Pre evidence seems To indicate the presence of & new
dietary substance in liver end kidney, such substance being

necessary for optimum lactation,
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The mesults obtzined when dried liver was used in the ra-
tion were not as good as those cbtained when the frésh material
supplemented a fifteen percent level of soy bean (compare
table IV thirty percent liver and table VIII, number 2}, In
the preparation of the dried material sn endesvor was made to
avoid temperatures safficiently high to destroy vitamin B, It
would sppesr that the substance that stimalates such remark-
sble growth of young is destroyed or impaired by relatively
low temperatures or dehydration.

Tre results cbtaired when the fraetions prepsred by ex-
traction with ether were fed {table VIII) indicate that such
a separation is not satisfactory, Better gro#th of young was
obtained when the combined fractions were fed than that ob-
served when the ether extract and extrscted 1iver replaced
fresh liver in separate experiments, Lowever, those snimals
receiving the extrscted liver in the ration showed better
lasctation, as evideneced by the growth of yomng, than those
receiving the ether extract,

Sure (61) reports that a twenty percert level of rice
polishings &s the sole source of vitsmins B and ¢ is neces-
sary for normal growth, The results obtained in this inves—
tigation (table IX) incdicate that 2 ten percent level of rice
polishings not only Purnish adeguate vitamins B and G for
growth but also encugh of these vitamims for reproduction and
lsctation, The growth of nursing young, whose mothers re-

ceived this level of rice polishings, while not optimum, was




as good as the growth reported by some investigators as nor-
mel, When the change was made to autoclaved rice pélishings
the poor health of the adults and the decresse in lactating
gbility of the females as evidenced by the young indicsted,
2s was expected, an inadequate supply of the ﬁeat iabile vit-
anin B, The rapid onset of reproduction falilure on the lower
levels of autoclaved rice polishings was probably also due %c
an insdeguate supply of vwitamin 3, |

The poor reproductior and lactation record (tsble XI) of
those animals receiving powdered butter-milk as the sole
source of vitamins B and G is more difficult to account for,
The poor reproduction is probably due to a very low level of
fat sclxntle vitamin E in the butier-milk rstiomns that were
fed, Butter-milk has also bzen reported as being low in vit-
amin B, which in the 1igh%t of present knowledge would account
for the failure of lactation, Just why the high level of
powdered butter-milk resulted iIn complete failure'of repro-
éuction while some reproduction, although poor, was cobiained
on the lower levels is not kmown, It will be noticed that
similar results were obtalned with =soy beans, reproductior be-
ing decidedlj poorer on the higher levels, The high proiein
intske or the higher levels of powdered butier-milk and scy
beans may upset metebolism in such a way as to lower the
gbiiity of the anfmals to reproduce, High protein intake heas
been reporied as injurious by a number of workers.

It is evident from the results obtained (tsble XII} that
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kelp has a very good supplementary value for reproduction and
isctation, Whers the one, three, and elght percentv levels of .
kelp supplemented a twelve percent level of yeast, good repro-
duction, and lactation better than that obtained when mothers
received growing ration, was observed. On a similar i*ation
containing no kelp (tabls XV, number one) but all the other
elements of the ration in the same proportion, only one lit-
ter was obtained from eight females in one bundred and eighty
days, whereas on the rations containing kelp 211 of the fe-
meles had two or more litters each, The ten snd twenty-five
percent levels of kelp supplemented 2 twelve percent level of
extracted whest embryo instezd of 2 similer amount of yeast

as in those raticns containing the lower levels cf kelp, The
animals receiving the rations containing kelp end extracted
wheat ombryo alsc reproduced noermelly, but leetation on the
other hend was poor, Chick and Roscoe {40) report wheat
ambryc as being very low in vitamin B, It woculd seem, there-
fore, that kelp at ten and twenty-five percent levels does not
contain sufficient vitamin B to supplement = twelve percent
1evel of extrscted wheat embryo so that normal lsetation might
be obtained,

The low vitemin B content of kelp is also indicated by
the failure of reproduction (table XIII) and the generally
poor sppearance of the animels when suboclaved yeast was used
in place of untreated yeast in the above experiments where the

rations contained one, three, and eight percemnt of kelp.

e a2 g e
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The ask of variecus foods, when used as a supplezent to
s diet adeguate in 211 known elements except vitamin E, did
not permit of normal reproduction, The ration centaining a
one and three-tenths percent level of kelp ash seemed at first
to be adequate but reproduction had stopped on the two hun-
dred and thirty-first day of 2 three hundred and ninety day
experiment; Daniels and Hatton (22) failed to get reprodéuc-
tion using milk slome, but &1id get reproduction when the milk
was supplemented with tke ash ¢f soy been or purilfied salts,
Ir experiments described in this thesis a dlet telieved ade-
quate in e11 essentisls except vitemin E was supplemented with
soy bean ssh. The results {teble XIV, mmber 5 and 6} indl-
cete that the soy bean ash does not supplement sn inedequate
amourt of vitemin E so thst normel reproduction is obtained.
Similarly anobher purified diet supplemented with the same
s2lts used by Daniels snd Hutton did not give compatlble re-
sults (tsble XIV, rumber 10}, The sddition of fresh males to
four of the experiments just described {table XI¥, nmubers 2,
4, 5 and 8} resuited in reproduction beirg stimilated {teble
v¥I). It is therefore concluded that the males oz The criginal
experiments had become gterile while the females had remsined
fertile., Other investigators have also found that males be-
comze sterile mmch sooner thax femeles,

Fredericia (63) Pound the presence of lard In the diet
destroys vitamin &, In =& series of experiments previously

deseribed ((7) The Effect of Lard on Growth, Reproduction,

ireaam dn




and Lactation) it was found thst a fifteen percent level of
lard did not affect growth, However, when incorpor#ted into
the ration reproduction was impaired, Such was not the case
when cod liver oil (the source of vitamin A} was mixed into

the ration just before feeding, Nelther did reproduction fail

when the lard was sutoclaved prior to mixing It in the ration,
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SOMMARY

Rats grow a2t o normsl rate with soy besn as the only
source of vitamins B and G,

Reproduction wes normal on the lower levels of soy bean
but on the higher levels the rats were not a&s prolific ss on
the lower levels,

Satisfactory lactation was not obtained on any level of
soy besn,

¥anchu soy bean appeared to give somewhat better lacta-
" tion results than either Virginis or Seble bean,

Hog Iung and spleen, as well as beef thymus, did not
supplement a fifteen percent level of soy bean so é.s to ap-
preciably improve lactation,

Hog and beef pancreas and brain, and deef heart supple-
mented the scy bear raztion sc an improvement in lacté.tion was
apparent,

Hog apd beef liver, hog kldney and egg yolk supplement-
ed the soy been ration in such & way that very marked im-
provement in lactation was cbtained, The young showed 2 bet-
ter rate of growth than is ordirerily considered normal,

Thirty percent of whezt as the only source of vitamins
B and G did not permit of satisfactory lactation,

The thirty percent wheat ration was markedly improved
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The possibility of there being & new dletary substance
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necessary for lesctation has been emphasized,

If suck & substance exists it probably is destroyed by
dehydration or temperstures of about one hundred degrees cen-
tigrade.

Extraction with ether does not furnish an adequate means

of separating the factor or factors that stimulate lactation,

Sutisfactory growth, reproduction and lectation were ob-
tained whern = ten percent level of rice polishings was the
sole source of vitamins B enéd G.

With powdeied butter-milk as the soie source of vitamins
B and @ reproduction and lactation were poor on all levels
tried (fortry to seventy-three percent}.

A twelve percent level of yeast, more SO then g similar
1evel of extracted whest embryo was decidedly improved for
reproduction and lsetation by the addition of kelp.

The ash of soy bean, kelp or alfelifa does not improve
the reproducticn value of a purified ration.

Fpesh lard when incorporated into the ration impeirs
its #alue for reproduction. Such impairment may be'at least

partially prevented by sutoclaving the lard prior to mixing

it in the ration.
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