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PART I ;
THE CONTENT OF THE VITAMIN B COMPLEX IN WHEAT AND OATS AND THEIR
PRODUCTS PRODUCED IN ‘THE MANUFACTURE OF CERTAIN CEREALS
|
i
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The vitemin B gomslex is connoscel of v lenst bwd essentlizl dictary

i ctors, zuvely, vitanine B and G Vitimin B, the setiuneuritic fucior,
is neat Lobile znd @ deficienoy of thds substerce in the dlsb couses
voriverl in msa und p0lyneurltis iz fowls aad other animelsse Vitooin
¢, the ~» i+« fnctor of Goldverger, is rel-otively hect stobles 4 defio-
iency of thisg vitemin in the ciet wrsduces ellugrae Both vitumias B
snd &, collectively the vitamin B o> .lex, are essential for normnl
grouth of the organigme

4 ¢.usidersble gmount of work s been done in regnrd 40 the dige
tribation of the vitomin B comples, ws@ it has beon found to bo wost
widely distributed. Geresl grains hzve becn found to be rel:atively rich
sources of the vitunin B cuonleze

Cerenl grains hove been thoroushly lavestigoted zad sone wOrk has
veon duue on the cistritubtiszn of tho vitumin B codpoleox i the Fifferont
sords of greing, bub rel.otively 1litils cousiderstion hos beon glven to
the effect 0F the vrocessing of *he cerecl proing in the namuf chue of
brociefoat fuodse I $his raver s sindy is mcde on the offect £ the

.

matritive veive of (he wroducts croduced during different sters of tho
-rococs.ng in the comufocture of Lettijohn's breskfst foud, affed vheat,

rolicd Orts, «nd -ufied rice.




AL QF L LLIGTUE

4 mumber of investisstors have rcde & study of the cuntent of the
viteain B comnlex in the wheat snd oxt grains but thore atvears o be a
diversity of ovinion @8 tC the quantity oresente Mécollum, Simuonds anl

4 :
Pltz{&:) studied the cietary proverties of the whent kernmel wund found thal
15 ver cent of whole wheat in the diet supplied sufficient vitzmin B for
norixal growth cnd the rroduction of a nearly normal mmber of younge Osborae
zad zlendelwo}also came t0 the conclusion thot 186 per éent of whole whezt
in the diet supplies sufficient vitamin B for normal growth. Thay state.
that vhis is sbout the minimume Guest, lelson, Parks cné Fulmer lg)found
that 10 wer cent of whole wheat conbtaius sufficient vitamin B for aomanl

growthe
_ (2}
Bell znd Hendel observed that spring vwheat contalns a grezter

amount of vitomin B then winter whoate They found that 15 ner cent of
syring wheat or 40 per cent of winter wheat was nocesssfy to surply adequate.

axounts of vitemin B for normel growthe Bell and fendel found Sthet the

vitamin B in the Mirnesote winter wheat wus divided among the various mill-. . .

ing products &s follows: ratent flour contzains from zero to five ner cant,
first clear from 10 to 15 per ceat, eecond clesr five vper gent, low grade

16 rer eent, middlings 40 per cent, bran 24 ver conte The minimum amount
of esch product recuired in the diet t0 supply sufficlent vitamin B for
normsl growih was as follows: whole wheat 40 per cent, first cleer 40 er
ccnt, second clear 40 per cent, low grade 20 per cent, middlings 10 yew
cont and dbran 23 per conta

{72}
Steenbook, Sell and Nelson attributed this ceemingly high eontent
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of vitamin in wheat to the method of keeping the rats on shavings as bedding.
These investigators kept their rats in screen bottom cages and foumd that
60 per cent of corn, wheat or oats must be present in the diet in order to
supply sufficient vitamin B for normal growth.

HcCollum, Simmonds and Pitz(54) state that the oat kernel contains a
liberal supoly of vitamin B. OSuzuikl, Matsuyama and Hashimoto(as) observed
that 35 per cent of rolled oats in the diet supplled sufficient vitamin

(8%)

B for normal growbth in the rat. Rock and Hetler stats that if 50 per
cent of the diet of the rat is made up of whole oats the znimal grows at
a rate slightly below normal.v These investigators also observed thet
vitamin B is present both in the eubryo and the endosperm parts of the oat
kernel, with a élightly greater concentration in the embryo.

The literature reviewed so fer has been in regard to the hitherto so
called water-soliuble vitamin B. Recently, varioué investigators have dem-
onstrated that a% least two factors constitute the vitemin B complex.
Sherman(sg) reviews the facts concerning the discoveries of these factors
designated as vitamins B, the antineuritic factor, and vitamin G, the
?.P. factor.

Smith and Handrick(7l) observed that rats failed to grow normally on
a diet containing 40 per cent of rolled oats as the source of ihe vitamin
B complex. MNormal growth was obtained on the oat diet whken 5 to 6 per
cent of autoclaved yeast was added to the ration. These results would
indicate that the oat kernel is deficient in the heat stsble factor vitamin
G.

Hunt(25) states that 15 per cent of wheat in the diet supplies abcut




the minimun amounts of vitamin B for normel growth provided & sufficient

amount of the vitamin G is present. Hunt alsc state: thet whest and corn

contain approximetely the same amounts

richer in vitamin B than in vitemin G.

of vitamins B and G, but they are




SOURCE AND TREATHMENT OF MATERIALS USED

Discrepancies in experimental results are cften due to a difference
in the source and in the trestment of the materisls used in the investizations.
Therefore, the source and the treztment of the materials used in the in-
vostizations of the content of the vitamin B complex of cerca™ grains end
thelr products are given.

leaned puffing wheat. Cleaned puffing wheat is amber durum vwheat.

It is vory hard and contains s high per cent of protein. This wheat is
grown primarily in #inncsota and adjecent seeticns Horth and South Daxota.
It is a spring wheat. The cleaning process removes all foreipgm grains
and seceds.

Pearled nuffine wheat. This product iz obtained by rumning the

cleaned wheat between revolving stones. As a result of the prarling pro-
cess approximately three per cent of the total weight of the wheat is
pearled off, which is mostly bran.

Puffed wheat. Puffed wheat is obtained by subjecting pcarled wheat

to a high steam pressure in lsrge cannons for some time and then sucddenly
releasing the pressure.

“Pettijobh wheat. “Pettijohn wheat"is a soft, white variety of wheat,

grown either on the Pacific Coast or in the Rocky Hountain region.

M o N 5 < e .
Scoured Pettijohn wheat. This product is obtained by scouring the

“Pettijohn wheat. In the scouring process only & neg'igible amount of the
bran is removed.

Pettijohn's breakfast food. This product is obtained by steaming

scoured'?ettijohn vheat’ and forcing it between rollers.
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Cleancd ozts. Cleansed nats arc the natural ocats that heve been

through the cleaning process which removes all of the foreign grain and
seeds, the double oats, and the sméll thin oats.

Dry oats. The dry oats are produced by subjecting the clesned oats
to @ drying process,which brings the moisture content down to between six
and seven per cent and imparts a flavor to the rolled ogta.

Oat groats. Oat groats are the kernels of the oats aftecr the hull
has been removed.

Rolled oats. Rolled oats are the oat groats rolled into fiakes.

Polished rice. Polished rice is the rice kernel wmith bran removed.

Puffed rice. Puffed rice was prepared from polished rice by the
process used in making puffed wheat frum pearled puffing wheat.

Scourings from durun wheat. The scourings from duruz wheat consist

of the bran snd other material removed in the pearling process.

All of the grains and grain products were supplied by the Quaker
Qats Company.

Butterfat. A4 high grade of butter cbtsined from the college creamery
wzs h-ated just above the melting point and filtered through a soft filter
in a hot water fimnel. The butterfat was kept in the box before incor-
porating it in the diet.

Dextrin. Corn starch obtained from Penick and Ford was moistened
with 0.5 per cent citric aclid and asutoclaved for three hours at 15 pounds
pressure. This product was then dried in sha’low ensmneled pans over a

steam hot plate. When thoroughly dry the product was finely ¢round.

Casein. Crude casein obteined from Wilkins Anderson and Company was
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washed for two weeks with distilled water acidified ¥ith acetic scid, the
acid solution being changed daily. It was then washed for several cdays
with distiiled water. When the washing was completed the product was
dried in shallow zalvanized pans cver a steam hot plate. ¥When dry, the

product was finely groumd.

Salt mixture. ¥cCa_lum's salt mixture, number 185, was used in all

the experiments.

Animals. Vigorous rats obteincd from our own stock coleny were used
fr ail the experiments.

Gages. The cages used were 10 x 12 x 24 inches, with removable

galvanized iron pans for the boltom. Shavings were used for bedding.
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T TRIHEITNAT,

General

Vigorous rate weighing frox B0 (o 60 grams esch wers emcloysd on all
exnoriments. The animals before being nlzced on the exgerimentai diets re~
coivod tho sitock growizg ratioms of ratureil food-stuffs supplomented wid
whole =ilke Usuzlly six rats, threc males and three femsles, were nlsced
Guzether on each diete The females at the first aipezrance of rregmancy
wera rezoved €0 on individunl cages The animals were weighed every seven
dayss The caoges were cleaned and new shavings placed in the cuges weeklye

The method used in the determination of the amount of tho vitamin B
corrlexz in oz%8 and wheat and their products obtained by vrocessing in the
nerufaoture of cereals, consisted in determining the umouat of those sub-
stances recuired in = diet,adeﬂamte in every other re:spect exsepting the
vitemin B complex, to produce normal growth in the rote

The bessl ration employed in ail of uhe exverumends had the follgu~
ing eomposition: wushed cmsein 18 to 20 ver cent. HcCollum's szlt mixture,
mraber 185, threc und seven-tenths ver cemt, filtered butter fat five pep
cent, zud dextrin to 100 per ceénte This rution wos vitemin B free, wnd
animals vlaced on it fai‘le@v %0 grove

The substances, tosted for their content of the vitemin B comslez,
reolacod an equivelont per cesb of dextrin in tho bueal rptione The comne-
sition of the diets znd the results of the experiments are given in tables

¥ on cages 39 to 5l.




Vitamin B content of cleaned wheat.

Growth was below mormal on ration one, containins 10 per cent of
cleaned wheat and no young were produced on this level. Two meles dicd at
the end of the sixth month. The time on the ration wes nine months.

Ration two was the seme ag ration one with the exception that ration two

contained five per cent of agar-agar. Orowth was below normal but better
than that on ration one. Two of the four females produced one litter of
young each, consisting of five and six young. HNo young were reared. One
of the females died just after parturition, while the other mothor dicd
within a week after having given birth to the young. Another fomesie died
during the fifth month of the sxperiment. The cause of the death in the
latter case was unknown. The animals were kept on the experimental diets
for nine months. Growth was very good on diet three, containing 12 per
cent of cleaned ®heat. OSome of the rats grew normally on this diet. The
three females produced six litters of 36 yowmz. All of the young died
within one week after birth, The erperiment centinued for z period of
seven months.

Growth was normal on ration four. containing 15 per cent of cleaned
vheat. The nine femsles on the diet produced il litters concisting of 55
young. ALl of the young diled within 2 few days after birth. Two females

died pregnent. One nale and two other females ¢ied late in the experiment

§ from an wnknown cause. The animals were kept on the diet nine months. l
Ration five was identical with four, with the exception that in the former
5 per cent of ysast replaced 5 per cent of derxtrin. Growth wss normel on

f ration five. The added yeast had no noticeble effect upon the growth as
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compared with results on ration four. Three of the live females produced
seven litters consisting of 47 young. Twenty of the young were reared.
The percentage of mortality was 57.4. One female died from an unknown
cauvse. The duration of the experiment wes nine months. Groﬁth was normsal
on ration six, containing 20 per cent of cleaned wheat. The five females
produced ten litters consisting of 52 youmg. Six young were rearcd. The
per cent of moritelity was 88.5. One male and one femaie died lete in the
expefiﬁent from anbunknown cause. The young diod a few days after birth.
The experiment was eontinued through nine months,n

Growth was normal on ration seven, containing 25 per cent of cleaned
vheat. The three females on the t¢iet: oroduced nine litters consisting of
75 young. Fourtcen young were rearcd. The per cent of mortelity wés 8l.5%,
Many of the youmg lived to be two or three weeks of age. One fenmale Gied
during the eighth month of the experiment from an unknoyn ceuse. The
enimals were on ration seven for nine months. Growth was normal on retion
eight, containing 40 per cent of cleaned wheat. The three females on the
diet produced five litters consisting of 32 young. Four young were resred.
The percentage mortality was 87.5. One female died during the sixth month
after suckling young for three weeks. The ﬁeriod of the expsriment was

nine months.

| Vitamin B content of pcaried elesn wheat.

Growbth wasg normal on ration nine, contalning 15 per cent of pearled
§ clean wheat. The five females produced seven litters consisting of 42
N young. Scven young werc reared. The percentage mortality was 83.3. Most

: of the young died within a week after birth. Two females died nregnant.




N ond snother female died within a week after parturition. The duration of

% the evperiment was ten months. Growth was mormal on ration ten, containing
é 40 per cent of pearled clean wheat. The seven females produced 17 litters
§ congisting of 118 young. Thirty-one young were reared. The percentage

5 mortality was 73.7. Most of the young dGied within 48 hours after birth.

% Ong female died pregnant and another died shortly after parturition. One

% male died during the fifth month of the experiment from an unknown cause.

; The duration of the ezperiment was ten months. Growth w:s normal on ration
eleven, containing 60 per cent of pearled clcan wheat and 15 per cent of
i casein. The three females on the diet produced five litters of 36 youmg.

g Nineteen young were reared. The per cent mortality was 47.2. A congider-
i able number of the young died within a few days after birth. The duration
of experiment was ten months.

Diet twelve is the same as ration eleven. with the exception that the
formsr centains 12 per cent of casein instgad of 15, Growth on this diet
was slightly better than normal. .The three femeles produced four Iitters
consisting of 28 young., Twenty-one of the young were reared. The per cent
of mortality was 25. The duration of the experiment was ten monthé. Diet
thirteen differs from diets eleven and twelve only in the per cent of cssein
in the ration. Growth was normal on this diet containing 20 per cent of
casein and 60 per cent of rolled cats. Three females on the diet produced
seven litters of 36 young. Eight young were reared, ziving a percentage
? mortality of 77.7. The majority of the young died within two days after

% birth. The duration of the experiment was ten months.
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Vitamin B content ofPettijohn wheat’

Diets fourteen, fifteen, and sixteen conteined 8, 10, and 11 per
cent“Pettijohn wheat. Growth was below mormal on these diets. No younz

were produced. Diet seventcen contained 12 per cent of”?ettijohn wheat’

H Crowth of the rats on this diet was below normel. Thrse litters of ten
young were produced. One fema.e died at parturition. A1l of the yowmg
died within two days after birth. The duration af the experiment was
five and one half months. Diet cighteen contained 13 per cent of Petti-
john wheat. The average growth was below the normel on this diet. One
litter of five youmg was produced. All of the ysung died within 48 hours
after birth. Themimals were kept on the diet for five months.

Diet ninetcen contained 14 per cent of "Pettijohn wheat? On this

diet growth was below normal. Three of the five females on the diet pro-

young died within 48 hours after birth. The animsls were kept on the ex-
periment five and one half months. Diet twenty contained 15 per cent of
“Pettijohn wheat) Growth on this diet was normel. The 12 females on this
diet produced 16 1litters consisting of 94 young. All of the youmg died.

Most of the youmg died within two days after birth. Five females and one

male died from an wmknown cause., The animals were kept on the experiment

Growth wes normal on this diet. The twe females produced five litters,
in
consisting of 20 young. OSixteen young died witﬁ?three days after birth.

The duration of the experiment with diet twenty-one w:s eight months.

duced four litters consisting of 14 young. One female died pregnant. The

for ten months. Dict twenty-one containsd 20 per cent af “Pettijohn wheat!

The pereentage of mortality was 80. One female died from an unknown cause.
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Vitamin B content of scauredJPettijohn wheat:'

Diets twenty-two, twenty-three, and twenty-four confained g8, 10, and
11 per cent of scoured’Pettijobn wheat' respectively. Growth on these diets
was below normal, No young were born. The duration of the experiments was
four months. Diet twenty-five contained 12 per cent of scoured”Pettijohn
wheat. Growth on this diet was below normal. Onec of the three females
produced one litter of two young. The young died within two deys after
birth. The animals were kept on the experiment five and one half months.
Diet twenty-six conteined 13 per cent of zcoured ‘Pettijohn wheat’ Growth
on this diet was below normal. Two of the four females produced one litter
each. The eight young born died within two days after birth. One female
died from an unknown cause. The animals were kept on the experiment for
five months. Diet twenty-seven contained 14 per cent of scoursd“Pettijohn
wheat. Growth on this diet was slightly below normal. One of the two
females on the diet produced one litter, consisting of five young. All of
the young died within three days after birth. The Curation of the ex—~
periment w-s five and one half months.

Diet twenty-eight contained 15 per cent of scoured‘Pettijohn wheat’.
Growth on this diet was normal. The ten females on the dlet produced 22
litters, consisting of 138 young. Ten young were reared. The percentage
of mortality was 92.7. Most of the young died within three days after
birth. One female died at parturition, and two died shortly after giving
birth to young. Two meles died from an unknown cause. The duration of
the experiment wes ten months. Ration twenty-nine contained 20 per cent

of scoured"Pettijohn wheat. Growth on this diet was normal. The two
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females on the diet produced five litters, consisting of 32 young. TFlve
young were reared. The percentage of mortality was &4.4. Host of the yomng
died within 48 hours after birth. One female died from an unknown cause.

The animals were kept on the diet for eight months.

Vitamin B content of Pettiiohn's breakfast food.

Diets thirty, thirty-one, and thirty-tws contained 8, 10, and 11 per
cent Pettijohn's breakfast food respectively. Growth on these diets wes
below normel. The animals were kept on the diet for four months. Diet
thirty-three contained 12 per cent of Pettijohn's breakfast food. The
average growth on this diet was below nermal. One of the three femnles
on this diet produced two litters, consisting of 10 young. All of the
young died within 48 hours after birth. OUne female died from an wmknown
cause. The animsls were kept on the experiment for a period of five and
one half months. Diet thirty-four contained 13 per cent of Pettijohn's
breakfast food. One of the four females produced one litter, consisting
of five young. All of the young died within 48 hours after birth. The
animals were kept on the diet for five and cne half umonths.

Diet thirty-five contained 14 per cent Pettijohn's breskfast food.
Growth on this diet was normai. The two females on the diet produced three
litters, coneisting of 15 young. All of the young died within three days
after birth. The duration of the experiment was five and one half months.
Diet thirty-six contained 15 per cent of Pettijohn's breakfast food. Growth
on thig diet was normal. Two of the four females produced three litters,
consisting of 11 young. All of the young died within three days after

birth. Three of the four females died pregnant.

[
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Vitemin B content of cleaned puffing wheat.

Diet thirty-seven contained 8 per cent of cieaned puffing wheat.
Growth was considerably below normal. No young were produced. The ex-—
periment covered a period of four months. Diet thirty-eight contained 10
per cent of cleaned puffing wheat. Growth was below normal. Onc of the
four femeles produced one litter, consisting of seven young. The young
Gied within 48 hours after birth. One femsle died pregnant and another on
the second day after giving birth to young. The duration of the experiment
was five months. Diet thirty-nine contained 12 per cent cleaned puffing
wheat. Growth was below normal on the diet. Three of the five females |
produced one litter of young each. A tota: of 12 young were born. All
died within 485 hours after birth. Two femalies died at parturition. The
animals were kept on the diet for five months.

Diet forty  contained 13 per cent of cleaned puffing wheat. Growth
on this diet was slightly below normal. The two females on the dist pro-
duced three litters, consisting of 16 young. All of the young died within
48 hourg after birth. One female died pregnant. The duration of the exz-
periment was flve months.

Ration forty~onme contained 14 per cent of cleaned puffing wheat.
Growth on this rabtion was normel. The four-~ females on the diet produced
five 1littirs, consisting of 30 young. A1l of the young died within three
days after birth. The duration of the experiment was five months. Ration
forty-two contained 15 per cent of cleaned puffing wheat. Growth on this
ration was normal, The three femsles on the diet produced five litters,
consisting of 23 young. Ail of the young died within two days after

birth. The duration of the experiment was seven months.




Diet forfybthree contained 16 per cent of cleaned puffing wheat.
Growth on this diet was normal. One female produced one litter, con-
sisting of five youmg. All of the young died within three days after
birth. Two females died pregnant and one female died at parturition.

The duration of the erperiment was five and one half months. Diet forty-
four contained 17 per cent cleaned puffing wheat. Growth on this diet

was normal. One femele died just after giving birth to 10 young. The
remaining female died pregnant. The duration of the experiment was five
and one half months. Diet forty-five contained 18 per cent of cleaned
puffing wheat. Growth was normal or above normal on this diet. The one |
female on the diet produced two litters,consisting of 13 young, anc she
later dled pregnant. ALl of the young died within three days afier bitth.
The animals were kept on the diet for a period of five and one half months.

Diet forty-six contained 19 per cent of cleaned puffing wheat. Three
of the animals failed to grow normally on this diet. One of the two
females on this diet died pregnsnt, the remaining female produced three
litters, consisting of 16 joung. One litter of eight young was still born.
The other eight young died within 48 hours after birth; The duration of
the experiment was five and one half months. Diet forty-seven contzined
20 per cent of cleaned puffing wheat. Growth on the diet was normal. The
three females on the diet produced five littérs, consisting of 20 young.
A1l of the young died within three days after birth. The animals were
kept on the diet four months. Diet forty-eight contained 25 per cent of
cleaned puffing wheat. Growth was normal on this diet. The four females

produced six litters, consisting of 35 young. One litter of nine young
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was born dsad. The other 26 yowmg died within three days after birth. One
female died pregnant and another one died shortly after giving birth to her

second litter. The animals were kept on the diet four months.

Vitamin B content of pearied puffing wheat.

Diets forty-nine and fifty contained 8 and 10 per cent of pearled
puffing wheat. Growth on these diets was considerably below normal. No
young were produced. The duration of the experiments forty-nine and fifty
was five months. Ration fifty-one contained 12 per cent pearied puffing

wheat. The animals were continued on this diet for five months. Growth .
-on this ration was below mormal. Two of the four females on the ¢éiet pro-
duced one litter of young each. The three young born died within 48 hours
after birth. One male died. Diet fifty-two conteined 13 per cent of
pearled puffing wheat. Growth on this diet was below normal. Three of
the five females on the diet produced four litters, consisting of 19 youmsz.
Three young were born dead. The remaining 16 young died within 48 hours
after birth. OCne female died from an unknown cause. The animals were on
diet fifty-two for nine months.

Ration fifty-three contained 14 per cent of peafled puffing wheat.
Some of the rats grew normally on this diet. Of the four females on the
ration one produced two litters of seven young. The young diéd within 48
hours after birth. Two females dled pregnant. The duration of the ex—
periment was five months. Ration fifty-four contained 15 per cent of
pearled puffing wheat. Growth on the diet was normal. Five of the seven
| females on the ration produced 11 litters, comsisting of 66 young. All

of the young died within three d:ys after birth., Two females died from an

S ——



unknown cause, The duretion of the experiment was seven months. Diets
fifty-five and fifty-six contained 18 and 17 per cent pearied puffing
wheat respectively. Growth was normal on these diets. Ko young were pro-
duced. The duration of the experiment was five months. Diet fifty-seven
contained 18 per cent of pearled puffing wheat. Growth was normal on this
diet. One of the two females on the diet producéd one litter, consisting
of four young. All of the young died within three days after birth. The
duration of the experiment was five months.

Ration fifty-nine contained 20 per cent of peerled puffing wheat.
Growth on the diet was normal. The four femslss on the diet produced five
litters, consisting of 25 young. A1l of the young died within three days
after blrth. The duratioﬁ of the experiment was four months. Ration sixty
contained 25 per cent of pearled puifing wheat. The growth curves were
normal on this diet. Two females died, one dying pregnant. The remaining
three females produced gix litters, consisting of 36 young. One young wes
reared. The percentage mortality was 97.2. Most of the young dled within

a week after birth. The duration of the experiment was four months.

Vitamin B content of puffed wheat.

Diets sixty-one to. seventy-four inclusive, containing various levels
of puffed wheat from 12 to 73.3 per cent, are inadequate for growth.. Even
on the 73.3 per cent level, growth is considerably below normal. Ry re-
production was obtained on these levels of puffed wheat. The death rate
of the rats on the diets was cuite high. The experiments were continued

from three to eight months.
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Vitamin B content of clean ocats.

Ratlons seventy-five and seventy-six contained 8 and 10 per cent
of clean oats respectively. Growth on these diets is below normal. No
young were produced. The duration of the experiments was five months.
Ration seventy-seven contained 12 per cent of clesn oats. Growth was be-
low normal on the diet. Oné of the three females on the diet produced one
litter, <consisting of five young. All of the young died within 48 hours

after birth. The rats were kept on reztion seventy-seven for five months.

Ration seventy-eight contained 15 per cent of clean oats. The five females

on the diet produced six litters, consisting of 35 young. All of the

young died within three days after birth. The duration of the experiment
was six months. Growth was below normal for the males but normal for the
females. Ratlon seventy-nine contained 17 per cent of cleaned oats. Growth
was below normal, The £wo females on the diet produced two litters, con-
sisting of 11 young. All of the young died within 48 hours after birth.

The animals were on ration seventy-nine for four meonths. Ration eighty
contained 30 per cent of clean oats. Growth was slightly below normal on
this ration during the four months period of the experiment. One female
died pregnant. The two remaining females produced four litters, consist-

ing of 26 young. All of the young died within three weeks after birth.
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Vitamin B content of dry oats.

Rations eighty-one, eighty-two, and eighty-three contained 8, 10, and
12 per cent of dry ocats respectively. Growth on these diets was below
normal. No young were produced. The animals were kept on the diets five
monthe. Ration eighty-four contained 15 per cent of dry oats. This diet
was not aedequate for normasl growth. One of the five females on the diet
produced one iitter consisting of three young. A1l of the young died
within 48 hours after birth. The duration of the experiment wag four
months. Ration eighty-five contained 17 per cent of dry oats. Growth was
below normal on this diet. The one femezle on the diet nroduced one litter,
consisting of three young. All of the young died within 48 hours after
birth. The animals were kept on this experiment for four months. Ration
elghty-six conteined 30 per éent of dry oats. Growth was below normal on
the diet. The experiment was continued for six months. One of the two
females on the dilet produced two litters, consisting of nine young. A1l

of the young died within 48 hours after birth.
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Vitamin B content of cat groais.

Diets eighty-seven and elighty-eight contained 8 and 10 per cent of
oat groats respectively. These diets were inadequate for normal growth
over a pericd of five months. HNo young were produced. Diet eighty-nine
conteined 12 per cent of oast groats. Growth was slightly below normsal
during the five month's pericd. The two fema2les on the diet produced two
litters, consisting of eight young. A1l of the young died within 43 hours
after birth. Ration ninety contained 15 per cent of oat groats. The
growth during the eigh months of the experiment was below normal. Two of
the four females on the diet produced three litters, comsisting of 17
young. All of the young died withln three weeks. Ration ninety-one con-
tained 17 per cent of oat groats. The growth on the diet was below mormal,
during the four months the rats were on the diet. The two fememles pro-
duced one litter each. The seven young produced died within three days
after birth.

Growth on diet ninety-two, containing 20 per cent of cat groats, was
below normal. One female died st the end of the fifth month from an un-
known cause. The remaining two females produced three litters, consisting
of 16 young. All of the young died within three days from birth. The
duration of the experiment was eight months. Growth on diet nlnety-three,
containing 25 per cent of ozt groats, was slightly below normal. The
three females on the dlet produced four litters, consisting of R4 young.
A1l of the young died within four days after birth, The animals were on
the ration eight months. Growth on diet ninety-Tour, containing 30 per

cent of oat groats, was slightly balow normal. One malie died with otitls
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medis. One female died late in the experiment, the cause of the death
being wnknown. The two femsles on the diet produced four litters, con-
sisting of 28 young. All of the young died within one week after birth.

The rats were kept on ration ninety-four for eight months.

Vitsmin B content of rolled nsts.

Diets ninety-five, ninety-six, and ninoty-seven contesined 8, 10,
and 12 per cent of rolled oats respectively. Growth on these diets was be-
low normal, and no youngz were produced during the five months of the ex-
periment. Growth on diet ninety-eight, conteining 15 per cent of rolled
oats, was slightly below normal. The three females on the diet produced
nine litters, consisting of 55 youngz. A1l of the young died within three
weeks after birth, and most of the young died within three days after
birth. One female died the second day after perturition, and another
female died .ne month after having given birth to young. The time on the
ration was eight months. Growth was below normal on diet ninety-nine,
containing 17 per cent of rolled oats. Two of the three females on the
dlet produced one litter each. The 11 youmg born died within three days

after blrth.

Vitamin B content of oat hulls.

Diet one hundred contained 40 per cent of oat hulls. Growth on thigs
diet was below normal during the ten months of the experiment. VYne of the
three females on the diet produced three litters consisting of 16 young.

A1l of the young dled within three weeks efter birth.

A et e e 2at s o e s e o on



Vitamin B content in the scourings of durim wheat.

Diet one hundred one contained 15 per cent of first scourings of duvrum

wheat. Growth on this diet was normel. One .of the two femeles on the diet
produced two litters consisting of 10 young.l A1l of the youmg died within
three weeks from birth. One of the femeles died during the sixth month of
the experinent, the cause of her death was uninown. The animals were kept
on the experiment for seven months.

Diet one hundred two contained 15 per cent of second scourings of
durun wheat. Growth on this level wns better then pormal for the entire
seven months of the evperiment. The two femules on the diet produced four
litters, consisting of 24 yowmg. Fourteen young died. The percentage

mortality was 58.3.
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vitamin B content of rice.

Diet one hundred three contained 75.3 per cent of polished rice.
Growth on this level of polished rice was considerably below normal. Two
of the three females produced one litter of young each. The 11 young bora
died within three days from birth. The duration of the experiment was
eight months.

Diet one hundred four contained 73.3 per cent of puffed rice. There

was but 1ittle growth on this diet during the seven months of the exneri-

ment. No young were produced.
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DISCUSSION OF RESULTS

Oats and wheat and their various products obtained by processing in
+the manufacture of cereals were investigated in regard to their content of
the vitamin B complex.

Diets containing 10, 12, 15, 20, 25, end 40 per cent levels of clezned
wheat were studied. Ten per cent of cleaned wheat in 2 diet does not
supply sufficient smounts of the vitamin B complex for normal growth in
the rat. Some of the animals grew normaliy on the 12 per cent level.
Growth was normai on all levels contasining as much as 15 per cent of cle&néd
wheat in the diet. Reproduction was obtained on all levels of cleaned
wheat employed. Young were reared on the diets containing 15 per cent or
more of cleaned wheat; however, the mortality wes high. The majority of
the young died within 48 hours after birth. The lowest mortality rate was
obtained on diet five, containing 15 per cent of cleaned wheat gupplemented
with five per cent of dried yeast. The mortality on this dief was 57.4
per cent as compared to 100 per cent on diet four. Diet four was identical
with diet five, with the exceptlon that the former 4id not contain any
yeast. The results obtained on diets four and five indicate that a greater
amount of the vitemin B complex is required for luctation than for growth
and reproduction. No young were reared on the 10 and 12 per cent cleaned
wheat levels.

The results obtained on the cleaned wheat dilets agree with those of
McCollum, Simmonds and Pitz(ss) and of Osborne and Mendel(sg), who con~
ciuded that 15 per cent of whole whsat in the diet suppiied sufficient

vitemin B for normal growth. Guest, Nelson, Parks and Fulmer(19) found
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that 10 per cent of whole wheat in the diet supplied sufficient vitamin B
for normal growth.

A relatively lerge per cent of the femeles on the cleaned wheat diets
died during the period of pregnancy, at parturition,; or just after parturi-
tion.

Cl:gned pearled wheat was investigated at levels of 15,40,and 60 per
cent. Growth was normal on all of these diets. A1l of the diets were ead-
equate for reproduction but inedequate for lactation. The majority of the
young Gled within three days after birth. The percentage mortality on
diets 11, 1R, and 13, containing 60 per cent of cleaned pearled wheat and
15, 12, and 20 per cent of casein respectively, was 47.2, 25, and 77.7 per
cent respectively. These results indicate that a bigh protein content in
a diet ig deleterlous to suckling young. However, sufficient datz wes not
obtained to absolutely prove that this is the case. Three females on diet
9 and twe femsles on ration 10, containing 15 and 40 per cent respectively
of cleaned pearled wheat. died at parturition or shortly afterward. There
were no deaths at these periods when the diets contained 60 per cent of
cleaned pearled wheat.

Dietz 14 to 21 inelusive contained 8, 10, 11, 12, 13, 14, 15, and
20 per cent of“Pettijohn wheat" regpectively. Growth on all diets contain-
ing less than 15 éer cent of"Pettijohn vheat”wes below normal. The diet
is adequate for normsl growth when 15 per cent or more of ‘Pettijohn wheat”
is incorporsted in the diet. TYoung were produced on all of the diets con-
taining 12 or more per cent of“Pettijohn wheat. No young were produced

on diets containing 8, 10, snd 11 per cent of“Pettijohn vheat. The per-
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centage mortaility of the young was 10G with the exception of the 27 ner
cent level of Pettijohn wheat. In this case the pcrcentage of mortality
- wes 80. The greater number of the young died within 48 hours éfter hirth.
! Two females died pregnant.

Diets 22 to 29 inclusive contsined 8, 10, 11, 12, 13, 14, 15, and R0
per cent of scoured Pettijohn wheat’respectively. Growth wzs below normal
on all diets conbaining less than 14 per cent scoured “Pettijohn wheat: One
male and two females on the diet containing 14 per cent of scoured“Petti-
john wheat’grew normally. Growth was normal on the 15 and 20 per cent
levels. Growth on the diets containing scoured“Pettijohn wheat’was slightly

, " better than that obtained on the diets containing comparative levels of
“Pettijohn wheat. This would indicate that vitemin B is more concentrated
in the scoured“Pettijohn vwheat”than in the whole grain of“Pettijohn wheat.
No young were produced on the §, 10, and 11 per cent levels. One or more
litters were produced on the diets con_taining 12 per cent or more of
acoured“Pettijohn wheat- The percentage of mortality of the younz was
high, varying from 84.4 to 100. A few young were reared on the 15 and 20
per cent levels., The majority of the young died within 48 hours after
birth. On the diet containing 15 per cent of scoured Pettijohn wheet,
one female died at parturition and two others died shortly after giving
birth to young.
| Diets 30 to 36 inclusive conteined §, 10, 11, 12. 15, 14, and 15
per cent of Pettijohn's brecekfast food respectively. Growth was below
normal on all diets containing less than 14 per cent of Pettijohn's
breskfast food. The diets contzining 14 per cent or more of Pettijohn's

breekfagt food were adequate for normsl growth. Dlets containing 8, 10,
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and 11 per cent of Pettijohn breakfzst food.were inadequate for repro-
duction: however, younz were produced on the hizher levels. The percent-
age of mortality of the young was 100. Generally the youne died within
48 hours after birth. Three femsles on diet 36 died pregnant. Diets 37
+o 48 inclusive contained 8, 10, 12, 13. 14, 15, 16, 17, 18, 19, 20, and
25 ver cent of cleaned puffing wheat respectively. Growth was below normal
on the 8, 10, 12, and 13 per cent levelg, while diets eontaining 14 or
more per cent of cleaned puffing wheet were adeduate for normal growth.
Reproduction wes obtained on alil leveis with the exception of the eight
per cent level. No young were rearad on these dlets. Host of the young
died within 48 hours after birth. OUn these diets. elght females died
prognant, three died st parturition, and three died shortly afier par-
turition.

Diets 49 to 60 inclusive contained 5, 13, 12, 15, 14, 15, 16, 17,
18, 19, 20, and 25 per cent of pearled puffing wheat respectively. Grow
on the 8, 10, 12, 13, and 14 per cent levels was below normal, while diets
containing 15 or more per cent of pseried puffing wheat were adequate for
normal growth. There was no reproduction on the 8 and 10 per cent levels;
but one or more litters were produced on all of the higher levels of
pearlied puffing wheat. The percentage of mortality of the young was 100
on all diets with the exception of diet 60, on which one young was reared.
Five females on this series of diets died pregnant.

Diets 61 to 74 inclusive comtained 12, 13, 14, 15, 16, 17, 18, 19,
20, 25, 35, 50, 60. and 73.3 per cent of puffed vheat resvectively. Growth

was considerably below normal on all of these diets. No young were born.
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The percentage mortality of the aduits on these diets was rather large.

Diets 75 to 80 ineclusive contained 3, 10, 12. 15 17, and 30 per
cent of clean oats respectively. None of these diets wers adeguate for
normal growth. Growth was slightly below normal on diet 87 containing Z0
per cent of cleaned oats.

Diets 81 to 88 inclusive contsined 8, 10, 12, 15, 17, and 30 per
cent dry oats. Growth was below normzl on all of these diets. Youmg were
produced only on diets containing 15, 17, and 30 per cent of dry oats.

No young were rearcd.

Diets 87 to 94 inclusive contained 8, 10, 12, 15, 17, 20, 25, and
30 per cent of oat groats. Growth on all of these diets was below normal.
Young were produced only on the diets containing 12 or more per cent of
oat grosts. No young were reared. Most of the young died within 48 hours
after birth.

Dicts 35 to 39 inclusive contained 3, 10. 12, 15, and 17 per cent
of rolled oats. All of these diets were inadequate for normel growth.
Young were produced on the 15 and 17 per cent levels of rolled oats bub
none vere reared. One female died at parturition.

Diet 100 contained 40 per cent of oat hulls. Growth was below

normal on this diet; young were produced, but none were reared.

Diets 101 and 102 contained 15 per cent of first snd second scourings

of durum wheat respectively. Growth was normel on dilet 101 and somewhat
above normal on diet 10R. TYoumg were produced on both diets. The per-

centage of mortality of the young was 100 on dlet 101 and 58.3 for diet

102.
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Diet 103 contained 72.3 per cent of pollshed rice. This diet was in-
adequate for normal growth. Yowung were produced, but none were reared.
Diet 104, containing 735.3 per cent of puffed rice was markedly in-

adequate for growth. No young were produced.
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Clesned whoot 1s & relatively rich souree of the vitamin B compleXe

4 diet, conteianisz from 12 to 15 per cent of cleaned wheat, supplies suffi-

cient amouubs of the vitamin B complex for noymal growth in the rate
Poarled clezzeld wheat Goss not contain «uito 2o mach of the viyamin

B complex as the whole graine At leust 15 per cent of the pecrled vhozt

is rowaired 40 sunply 21 sdeyugto amount of the vitsmin B complez fLor
norrnal growthe

Fiftesn per cemt of“rettijoun whezt, s soft wlnter vwheat, su-plies
adeguate amounts of the vitumin 3 comnlex for normal growth in the rute

Phe vitamia B couplex apnears ¢ be slightly more concenirated in
thoe scoure.i " Pettijobn wheat”then in the”Fettijohn wheat, since better
prowth wes obtained on cormrarctive lovels of the ccoured yroducte

Sufficient vitemin B complex for sormel growth is esupplied dy 15
rer eant of vettijobm's breakf st £ood in the diete

A die$, cootaining from 14 to 15 rer cent of clouned ulfing wheat,
sarrviies adequste uacumbe of ths vitamih B comnlex for normzl grovths

in the pezrliag process abiut three wer cent of the tolal weight of
the whest gprain is removed, therefore frox: 16 40 20 ner cent of rneurled
rutflng wheat is required to supily adequate awounts of the vitamin B com-

plex for normal zrowthe

uffed wheat coven when nresent in the diet to the extent 0f 753 uer

cent doss not contsin sufficlent of the vitamizn B complex for normal Arowuthe

Phe poor guality of the uffed wheat is vrobobly due to the destraction of

the unbi-neuritie fuctor in procossinge




N

Normal growth was not obtained on 37 per cent levels of either
cleaned cats or dry oats as the source of the vitamin B complex.

Growth was slightly below normal on 32 per cent levels of oat groats.

Seventcen per cent of rolied cats did not supply adecuate amounts of
the vitamin B complex for normsl growth.

Sufficient amounts of the vitamin B complex is furnished by 15 per
cent of the scourings of durun wheat in the diet for norasl growth.

Forty per cent of oat hulls falled tc supply adequate amownts of the
vitamin B eumplex for successful growth.

At levels of 72.3 per cent of either polished or puffed rice the
amount of the vitamin B complex is inadegquate for succezssful normal growth.

Diets may contain 3uTficient amounts of the vitaain & complex for
normal growth snd reproduction but are inadequate for successful lactatbion.
Increasing the anounts of the vitanin B complex in the diets has beneficial
effects on lactation.

A considerable per cent of the femeles on the various wheat diets

died pregnant, at parturition, or just after parturition. This was in

marked contrast to the results obtained on the oat diets.




ClllCi . 1o kS

1. Rifteen rex cent of wheat in vhe wiet smoplies swiv.io.lod iouats
of the vitemin B ¢o.rliax for snormel growthe.
2. There iz no dcstraction of lhe vitanin B complez in the process

of ramafzcturing rettijonn's breakfast foode

3« In the process of menufscburine vuffed vheat o considersble wrount

of the vitenmin B complex ls destroyede

4. The 0ot kernol is inferior Uu wheat as & source of tho vitonin
B connlexe >

B. Thers is no destruction of the vilzmin B comprlex in the process
of mzmfscturing rolled outse

6. Pho wheat glain is deficient in some mubtritive fucsoxy huving a
relaticnship to the welloeing of the femcle during the period of rtreg-
neney, ot ypurturition, znd the period imusedictely following purturitione

7. liore thin three times the amount of the vitemin B complex is re~
yuired for sucvessful lactabion thuun is revuired for norpcl growkh cnd
renrotuctione.

8+ 4n oypprecisble wmowst of the vitumin B complex of rice is

deatroyed ix the uffing processe
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TABLE 11

COMPOSITION UF DIET

Dextrin

Ration ¢ Scoured : Pettijohn : Casein : Butter : Salt s
No., : Pettijohn : Breakfast : :  fat : mixture : H
s _¥heat 3 food : : s : :

22 2 8 : S KU 5 ¢ 3.7 ¢ 65.3 13
2R3 ¢ 10 s N R 5 1 BT 63.5 :
R4 @ 11 : : 18 ¢ 56 3 BT : 6B2.3 ¢
25 12 : ¢ 18 3 S ¢ 3.7 3 6l.3
26 3 13 : s 18 S ¢+ Z.7 ¢ 60.3
R7 114 : : 18 5 ¢ 3.7 @ 58.3
”R8 ¢ 15 : ¢ R0 5 ¢+ 3.7 . 5B.3 3
29 @ 20 : s 18 5 ¢ 3.7 ¢ 5l.3 @
0 1 g 8 : 18 S5 g1 3.7 ¢ B5.,%F 3
31 ¢ s 10 s 18 ¢ 5 ¢ 3.7 @ 6%.3
32 % : 11 s 16 S ¢ 3.7 ¢+ 82.3 ¢
35 3 : 12 s 18 & 5 ¢ 3.7 ¢ 8l.3
34 : 13 t 18 'S ¢ 3.7 3 60.3 s
35 & : 14 ] >16 $ 5 3 87 ¢ 59.3 3
36 ¢ 3 15 3 2G s S & 3.7 ¢ 56.3 3
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TABLE 41k

COMP S iTioH OF DILT
Ration ¢ Gleaned : Pearled : Casein : Butter ¢ Salt ¢ Dexirin :
HNo. : Puffing : Puffing : fat & mixture @ :
:  F¥heat :  ¥Whesat 3 H H H :
37 H 8 : : 1y @ S : 347 : 6.3 :
38 1C s s 18 5 : B.7 s 83,2 ¢
39 s i2 : s & s 5 : 5.7 ¢ 6l.3
40 3 13 : : RETI 5 5 547 s 60,3 :
41 = 14 H 3 16 5 : a7 : 58,3 ¢
432 : 15 : : i8 5 : 3.7 :  5B.B H
43 : 16 s : 18 5 : 3.7 s 87.3 s
44 2 17 : : 18 5 : 3.7 i 56.3
45 3 18 : : 8 5 : 3.7 s 395.3 3
46 : 19 s H 1% 5 : ST : 54,3 :
47 : 20 : : 18 5 : ZT : 5z, :
43 H 29 : s 5 s 5 H Sa7 s 43,3 3
49 s s 8 : lg @ 5 s 3.7 : B0.5 3
50 : : 10 3 18 5 : 3.7 3 63,3 :
51 : 1z : 18 5 3 3.7 : Bl.E
SR s 13 : e 5 : 3,7 i 60.3 s
53 : : 14 : 1& s 5 : 5.7 : B9.3
54 3 : 5 : 18 5 : 3.7 : 5B.3 s
55 : 16 : 13 ¢ 5 s el ;. 97.3 :
56 : H 17 : 1 5 : Be7 1 56.3 :
57 : : 18 : 18 5 : Se7 5 558.3 :
o8 : H 19 : 18 5 : 3.7 s 54.% :
58 s : 20 : 16 5 H Bal : B3.3 @
60 : 3 25 : e 5 : 3.7 s 48,3
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TABLEV .

COMPOSITION OF JIET

Ration : Oat : Rolled : Oat : Casein s Butter ¢ Salt : Dextrin :
Bo. 3 Groats : Oats & Hulls 3 s fat : mixture s :
87 s 8 : s 18 : 5 s 8.7 ¢ 85.3 3
88 : 10 : s 18 s 5 s 37T s 633 s
g9 ¢ 12 3 : : 18 ¢ 5 ¢ 37 glaZ oz
90 ¢ 15 : : 8 ¢ 5 i 37 ¢ 88,3z
g1y ¢ 17 : : 18 5 : 2.7 3 56.3 s
9 ¢ 2 : : B ¢ B : 3.7 ¢ Bl :
9% : 25 3 : s 20 0t 5 3 B9 i 46.% &
94 50’ : : 3 20 ¢ 4 : 3.7 3 4l.3 s
95 3 : 8 =z s 18 : & s 3.7 3 65,3
96 = s 10 i 18 : 5 : 3.7 2 63.3 s
a7 = 12 : 18 ¢ & i 3.3 ¢ €Cl.3 e
88 : 15 s 18 ¢ & 3 3.7 3 5843
89 D s 18 s« 5 i 3.7 ¢ BB s
100 2 : s 40 ¢ 20 s 5 s BT 3 Ble3 3




TABLE VI

COMPOSITION OF DIEYS

Rationslst Scour-: 2nd Scour-:Polighed:;Puffed:CaseinsButtier?

Salt sDexirin:

a8 a8

No. 3ings of  :ings of ¢ Rice : Rice : : fat smizture:
sBurun WheattDuruiz Wheats : : $ H :
101 ¢ 15 : : : t 20 : 3 31 3.7 3 58.3
102 H 15 3 : : 20 1 5B 3 3.T : 56,3
103 s : : 73.5 3 18 ¢ 5 ¢ 3.7 3
304 s : : : 7Z.3 2 18 : 5 = 3.7

*n

[1]




TABLE V11

GROWTH AND RPRODUCTION ON DIETS CONTALHIKG CLEANED WEEAT
AND CLEANED FHEAT PYARLED

Ration: No. 3 HNo. :No.of: No.of s Hs.of :Totol:No.of: & tGrowthslionthae
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88.08 N

[¢2]
””
i~ | nd
ae
497}
Ll
'..._l
7
o
g
L 1]
()]
N
(1)
i
[s3]
L 1]
[ 13
[{n)
»

8l.3: N

-3
[ 1]
(4}
e
(o2
.
o
%
e
L 24
[Ye]
s
-3
an
)
(o2}
[
-
[T}
©w
se

8 «+ 3: & : 0 : H 5 32 :28 ¢ 87,58 B ¢ 9 3
3 ¢ 1: 5 3 0 & 3 ¢ 7 2 42 : %5 3¢ B83.%3 N- ;3 10
0 ¢« 85 7 ¢ 1 :z 2 o+ 17 311& 87 : 73,73 N 3 10 2
T : 3 & ¢ 0 ¢ ©C0 ¢ 5 36 17 ¢ 47.2¢ N ¢ 10 :
12 ¢+ 3: 3 s 0 ¢+ O : 4 $2 : 7 : 25.: N ¢ 10
13 s 3 : 5 2 O s O s 7 s 36 3 28 T7.73 N 2 IC 3




~46=

TABLE VIII

GROWTH AND REPRODUCTION ON DIETS CONTALHIRG PRTTIJIHN WHEAT
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TABLL X
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TABLE X1

GROWTH AND RUPRODUCTION ON DIETS CONTATIING PUXFED WHEAT
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ABLE XIIX

GROWTH AND REPRODUCTYION ON DIETE CONTAIHING ROLLED OATS,

OAT HULLS, FIRST SCOURINGS OF DURUR WHEAT, SECOND SCOURIEGS OF

DURUi WHEAT, POLISELED RICE AND PUFFED RICE

Ration: No.

No.

-
-
-
-

malegsfemales:died 3 died : syoungsdied 3 Jity

jHations

on

e

s No. DNo. :No. of :No. of :Totel:No.of: % :Growth:ilonths
of : of imeles:ifasalesilittersino.ofiyoungsuoriz~:curve
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*
*
[
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8 85 8 20 0 2 2 21l : 1 3100 : - : 8
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PART II

A COUPARISCN OF THE PROTEINS OF ROLLED QATC WITH THE PROTEINS

OF WHOLE MIIK POWDER, AND CASEIN SUPPLEHENTED WITH YEAST, TO-

GETHER WITH A STUDY OF THE NUTRITIVE VALUE OF ROLLED OATS FROM
THE STARDPOINT3 OF REPRODUCTION AND LACTATION




INTRCDUCTION

snnlysis of officiel statistics shows that grsins, meats, snd dsiry
products constitute tlie most importent groups of food commodities consumed
by monkind. Peerl(55) hezs shown by cclculrtions based on govermment
stetistics for the years'lgll—lgls, that ceresl grsine end their products
leuzd 2ll otler classes of food-stuffs by supplying 36 ser cent of the
protein esten and eppr-xi~otely 35 per cent of the culories consumed by
the ‘merican people. Yeets cnd dairy procducts furnished 26 =nd 20 per
cent of the protein respectively.
snme 43 per cent of the protein of the fxericen dict i=s derived from

milled cereals, wheat teing the principsl source.

The rmount of the irmense emnual ont cerop consumed directly by the
huron being is relitively smell. Bt indirectly, & considercble proportion
of the ozt crop contributes in ¢ grect degree to humsn nutrition. Oats zre
of particuler interest, since they sre relutively, g rich source of protein
of vegetable origin. The rnutritive volue of the ort proteins is not well
established. & review of ths literature shovs conflicting views on the .
subject. Therefore, in this p per, twe ¢uestions concerned vith the

nutritive velue of rolied osts sre considered:

1. Fow do ort proteins compzre in nutritive wvelue for growth vith

the »roteins of vhole milk poxder and cusein supplemented with

yeest?

2. “het is the nutritive value of rolled onts with respect to revro-

duction znd rearing of young?

Yitchell(5l) sisted thet, on the oversge,
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Proteins of vegetable origin cre regerded s being inferior %o those
of enimsl sources from the stendpoint of blologlesl velue. Resezrchk on
out protein hes a veried history. The earlicr investigstions showed ot
proteine to be of wrrkedly iuferior quelity s compured vith those from
enimal sources end of poorer cu~lity then those of other cerenls. I:.ter
investigaetion hes modified this opinion.

Ogborne «nd Vendel(58) fed rats on vrotein concentrstcs frow
different cercsls and foun’ thrt the young rnimsls feiled to zrow -de-
quetely on the o: it diet. In later investigotions of these obserVersfsg),
using the entire cereal zvalns &t protcin levels of 5.8 #nd 10 per cent

with the addition of salt mixiure, some of the &nim:ls grew to a lurge

size, = result which indicrted that the o.t protein wss adequzte for

grovth in the rat.

McCollum, Sirmonds, and Pitz(ss) observed tl-t when rots were fed
» diet conteining ¢ per cent of ozt proteins, and considered zdequcte
in every other resrect, they fziled to zrow efter sbout one month. They
vleo found thet tlue o:t kernel appezred to ceuse injury tot he animels,
vhen the diet w.s of such & nuture as to lower their vitrlity; and that
o-ts produce feces of = posty cherscter which mzke their eliminction
Gifficult and in all probability tend to debiliicte the eznimel. But
further work has altered this opinion for ¥elollum and Simmonds.pa)

state, "The o:t kernel is compirable sith whezt or malze in its dietery

rroperties in nearly &ll respects'. The lock of the necessery inorganic




constituents in the diet wus probebly the cause of the feiilure of the

earlier investigations.
{70)

Shermin, Vinter, end Phillips condusted short experiments on
humsn beines. Tvo subjects vere fed ¢ diet comnosed of 'scones™ mnde
from octmeal, sterch, and butter, end erten vith upple #nd sugar. 1In the
main experivent & srill emount of milk wes zdded to the diet. On this
diet the nitrogen balsnces rere :'0.0 tnd + 0.2 gre~ per day although the
calrrific value vas just sufficient to meet the energy requirerent and
supply 0.57 or 0.55 grem of protein per kilogram of body weight. In
snother experiment of the same duration in which no milk was zdded to the
diet, the nitrogen bzlences vere — 0.7 and - 0.6 grams of nitrogen per day
respectively. Since the nitrogen ecuilibrium waz meintained with such a
low protein inteke in the first series, and so closely epproxim-ted in the
second, these investigators conclude that octrneal proteins are efficiently
utilized in the maintenance wetabolism of mormcl zdults.

Bartvell(go) concluded thet oztresl proteins when fed at a 10 per
cent level provide for growth in the rat, but the rete of growth is slover
than that of animels on & mixed diet such as kitchen scrzps, bread znd milk.
She steted that a diet of ortrmeal, butter, and salt mixture is not adequate
for succesaful geststion end lactetion. This is attributed not to the
quality but to the.quantity of the proteins in the diet. GCrowth of the
voung rats vas found to be better vhen the mother vwas fed on a diet of 10
per cent oatmeal protein then vhen 10 per cent crseinogen was employed.

Better grovwth in the suckling young ves obtained by supplementing oetmeal

protein with casein, gluten, gelcotin, or egg albumin,




Suzuki, Maisuysma and Hashitoto(sa) observed tht growth wes norm=l
“ith diets contsining 8 and 10 per cent respectively of rolled out proteins.
The efficiency of any given protein cannot be ev:lueted by chemical enslysis
clone. The presence in the food of indigestible c:rbohiyérates, such es
cellulose, hemicellulose snd pentosan3 - znd probebly other subsitences - N
have considerable effect uvon the digestibility of food proteins. ¥endel

(41, 42, 43, 44, 45, 48)

ond Fine heve shown thet these differences largely

disappear vhen vegetzble nroteins are fed in s nesyrly pure state.
Thomﬂs(sg), conducting experiments upon himself, assigned the bio-
logic:1l values of epproximately 100 to the proteins of milk, meat, rnd fish -

indicating complete utilization of the sbsorbed nitrogen. To corn &nd

whezt he zssigpned the values 30 and 40 respectively. fAccording to Thomes,
the animel proteins ere two or three times more vaelusmble in sdult nutrition
thzn are the cereal proteins. ¥elollum, Sirmonds, and Parsons(29’50’31’32'53)
have nizde an extenzive study of the blological value of the proteins of
various foods by the use of rots. According to these experirents, the

foods studied arr:nge themselves in decreasing order of the biological

value of their proteins zecording to tﬁe Tolloving scheme: 1. beef kidney;

£. vheet; 3. milk, beef liver; 4. beef muscle, barley, rye; 5. corn, oats;

6. soy beans, ncvy peans, peas. In these experiments consideration wes not
given to the zmount of protein consumed by the experimentzl anim:ls.

>

Nitchell‘go'?l’?z’a&’géz using & modified Thomss method for the determina-
tion of the biological value of proteins, found that when proteins .eare
faed ¢t such & level as to permit little or no growth the utilization of the

absorbed nitrogen is usually good regardlees of the lype of protein fed.
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TABLE RIV

VALUES OF FOODS FOR iAINTENANCE iND GROWTH

LEVEL OF PaQi%iN FELDING 8 TO 10%

L3

tProtein Content:Quality of Protsin : P

rotein Value 3
of Food

.
L

t10n Fresh:On Dry:Digesiti-:Biological:On

FreshsOn Dry:

: basis sbasis : bility : wvalue : : H

Food i : s(correc tadk : : :
fihole ezg (cooked) ¢ 135.2 3 49,3 : 1050 ¢ ¢4 : 12,0 3 44.9 :
ilk : 3.3 $25.4: 100 : 85 : 2.6 1 20.2:
Ezg white (cooked) ¢ 12,83 : 83.1: 100 : 83 s 10.0 3 72.6 3
Beef liver $ 20,4 :7C8: 330 5 77 s 14.9 & Dl.l :
Beef kidney 3 16.6 3 71,3 g9 ¢ 77 s 12.3 ¢ 52.8 3
Beef heart ¢ 16.0 : 42,8 : 10 ¢ T4 ¢ 11.3 : 30.3 :
Beef round s 2.5 $ 71.0: 96 : 68 s 13.7 & 40,7 :
Pork ham 5 25.0 :62.,5: 100 : 74 ¢ 17.8 ¢ 44.8 :
Veal : 20.7 :78.0: 100 : 62 : 12.2 3 47.0 @
Rolled oats s 16.7 :18.1 ¢ 90 ¢ 65 2 8.8 : 10.6:
Whole wheat.: : 13.8 s 15,63 91 ¢ 87 : Tl : Bul:
White fhour : 10.8 : 1R.4: 100 s 52 $ 4.5 : 5.0
Whole corn :t 7.5 3 8.4 85 : 60 : 3.0 : 3.5
Potato : 2.2 :$1021: T8 ¢ 67 : O.z 3 3.9:
Navy beans (cooked): 22.5 : 25.7: 78 : 3B : 4.2 3 6.0
Cocoa s 21.6 : 22.6: 38 s 37 ¢ l.6 ¢ 1.6 3
Chocolate s 12,9 ¢ 13.7: 38 s 37 : 0.4 : C.B:
Yeast : H i 76 : : : :
Casein (15%) 3 3 : 30 3 : 3 :
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The following velues sre riven us repreeentipg the biologicel value of

some proteins fed st a level of 5 per cent:

Veal 97 Cocoenut 77
Tilk 94 Corn 73
Beef 92 Soybean 73
Rice es Casein 71
Dat 82 Potato 69
Yeest 7 Havybean 29

These figures represent the values of the digestible nitrogen from
the given foods in repairing the depleted body tissues thet result from
endogenous cetcbolism. The relstive inferlority of cusein is due to the
low content of cystine. When the proteins are fed st & bhigher level,
which will perrit more or less rapid growth, velues different from the
tbove cre obtained. The Lcble on "FProtein V:lues of Foods for Maintenance
ené Growih" gives the evaluation of foods with respect to the nutritive
vilue of their protein (nitrogen), from the standpoint of both quality
end quantity vhere fed at 8 to 10 per cent levels of protein intake. Ehe
protein values summerized in the lsst two colums of the table show the
superiority of enimal foods over vegetable foods zs sources of protein in
thg diet. ¥hole oats zre distinctly superior to whole wheat end whole
corn as sources of protein. The veristion in the biological values of pro-
tein vhen fed at different levels of intake is due to the relative protein-
sparing effect of the non-nitrogencus constituents of such diets.

Nattill(sv), using the technicue perfected by Yitchell(4g), observed

that the proteirns of milk powder, precooked oats, and whole whest hsd bio-
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logical values of 89, 82 and 72 respectively, whes fed at five jer cent
protein levelse These rerults are similar to thosc obtained by Hitchelle

Tho nutritive properties of cusein aro well knowne Therefore, only
& szall szowst of the iitesciburse o vhe sunject wili be rovicucls Osborne
and Lic::del(s”, in & study of the comrzrative nubtritive vulue of certsin
nroteins to growth, found that from 15 40 18 ver cent of ceseln was
safficlent for porisl growth in the rate Osborae snd iéea&elwzj, in s
study of the cuanbitetive comrarison of emsein, lactalbuzin, snd cdestin
for growth or maintenance, obsorved that cystine wus the limiting :ming
aeid of ozseine mitchell‘ﬁa), &n hie review Of the mubritive properties
0¥ cascin, atates thal the biological value is sorewhnt hisher than thot
0f cerexl grain vroteinse

(61}

Csborne and iendel fed rats a dist coataining 50-40 per cent
of yeust us ths source of proveinse Normal growth was obtained on loss
than 18 nor cent of yeast proteinss Hawk, Smith, =nd Holder‘znin
detormining the putritive proverties of yezst protein for men, found that
bzior's yeust Can repnlase irom nine to 29 per ceut of the nrobvein in the
diet without detrimeat to tho best interests of the individusls The yezst
food was well utilizeds This was demornstrated by the retention of the
-rotein, malntenance of body weight, -nd the gonaral conditions of healthe
cii'tchall(és)etates that tho correeted digestibility of yewst wroteins for
rgts was 76 on a 10 per cent level and 78 on o five ner cent lovele Stith
czd Knch(w): using rats as the eworimestel animels, observed thst Tow
dried yoest as the ovly source of proicina in the diet had 5 digostibility

(20}
of 72 per ceuts ileisenheimer gives the following =s the anclysis of




&
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4 yeast proteins:

The fact that rats feiled t> reproduce normally when fed purified

~60-

Guanine 4 %
Adenine 4 ¢
‘Cytosine 1.6%
Histidine and arginine 10 %
Lysine 10 %
Glycocoll 5 ¢
Alanine 10-15%
Valine 10-15%
Leucine 5-10%
Proline R %
Phenylalanine 8 %
Asparaginic acid 3.5%
Glutaminic =cid 6 %
Tyrosine 2 ¢
Tryptophane .5%
Oystiné and other sul-

phur compouncs 2 %
Oxyproline 4.5%
Choline .5%
Glucosanine .5%

diets was observed by numerous investigators befors s specifie repro-

ductive vitazmin was proposed.

attributed t: the insufficlency of the knowm essentlal dietary factors

that period.

The failure of normsl reproduction was




61

Invig uging o diet of whole milk powder 10, czsein
16, butterfat five, agar-agar two, dextrin 53, suorese 15, ond various
cdditiocs of inorsmxic miteriala, f£ailed to obtain nomsl reproductions
They coucluded thet vhe feilure of normalr_r?prodnctioa wag not due to the
Lopgenic moterinle Mabtil) and Gomclin(aa in o study of whole milk dists
gondluded that *he milk wroteins vers a9t adswuate for aimnal resroduction.
3uf, afhsr obtainlng mmeh bebber results upon the addition of yeust,
+Boribod the foilure in revroduction to Jie laoi of vitamin D. ‘l'lquwgre
15, however, sabtisfied with either of these explouationse Lia.ttill(‘si
obtalned 2 Lourth generastion on & Qled of dried vwhole milk 93, snlt mize
ture two, and yeast five; the snimslas on this diet without the yerst 120w
duced ydung that wers smgll 2nd died within three or four dayse Thorefore
the iacereszse of vitomin B in the diet appjeared bensfiecinl for rearing of
{6%,68)
goange Ieynolds znd iMzcomber congluded that the zmount of vitsmin
A, nrotein, znd caleiwm hod marized effect wron fertility dn ratse

{8,9,19,11,12,13,14} .
Tyens and Bishop proved the existence of a

onouat or ouality of proteln, carbohgdrate, =ad vitamwins &, B, C and D
:l:.m 10t improve regroduction on o bzs8a) synthetic diebe Mattill zpd Stosd
e ., am-logirg milk ratlons, found thet such dlets were insufficient in
protein and vitemins for reyxrofaction. After the aconoungenent of the

euziztonce of vitamin B, they stated thut the foilure in thelr exsesinents

weo due 4o the lpek of this vitralne
{80,52;
Jure obtoined normsl growth on dlets coataimisg nine and giz-

tenthns —or eent milk vowder rroteins;young were produced but the rezring

of the young w.s not succesefule Lo concluded thut pormal reprotuction

ecifie diectory aetor for reproductions They found that inoreasing the .

P e e et ;e o
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wag pot due $0 proteins nor to vitauins i, B, € or D, but 10 soxo other

fector found in Georgim velvet brzun pod meal, yollow corm, «nd rolled ogtas. .
(1)

Anderegz  observed that a2 diet containiag 5 per cent of whole il pow

der furnished sufficient rrotelias :nd vitamins for mormal growth and ro-
production, but the mortality of the goumg wus highe DInniels znd
Hutton(s'é" , ¥.riing on tho mutritive proporties of milk und milk youders,
obtained good reproduction by surrlementing whole milk with ferrig citrate,
iodins, znd zsh of soy besns, lettucs, or yeuste The zeh contained ulumi-
mam =pd silicone They obtained good reproduction when the diet was sup:ile-
monted with equal amounts of NeF, Eil{S04)2 « 12 Ho0, Mn 304 <6 H 0, and
Nap510g so that each ¥at received 1.5 mge Of each salt per daye
They concluded that the deficlenty in milk diets wce strictly inorganice
I{emedytzs) demonstrated that the etier extrzet of rolled oats contained
the reproductive factore iShe slso observed that a deficiency of culeium
or an excessively high per cent of protein in the diet would induce steril-
ity oven though vitanin B were nresents NHelson and co-wor}:ers(sm investi-
gated the effeet of vitomin B upon growth and r_eproduction. Their work
bindicated that 2 much greater smount of vitamin B wes regquired for rapfo-
‘duction than for growthe Lazter work by Guest, Helson, and associateshg)
demonatrated thut the cmouxt of vitamin B recuired for growth and repro=
duetion wes asbout the samee These observations were confirmed by Liiller(47)
who conducted investigutions smlong the same linge

A diet may be sufficient for ro-roduction but not asdequate for suc-

cesaful lzotation; therefore the existence of o lactation promoting frotor




has been suggested. Evans(7) observed thet on many synthetic diets
lactation was not successful, Lactation was improved by the addition of
such substances as fresh leaves, whiat germ, egz yolk and meat, and veget-
able olls. Sure(az’ss) found that the oils of wheat, cottonseed, yeilow
corn, and the palm permitted normal lactation and prevented sterility.

The oils of the peach kernel, the soy bean, the pesnut,end the olive
appeared to promote lactation but did not prevent sterility. Grijns(l7’l8)
thought that there were at least two repsroductive vitamins, one of which

(84) observed that the reproductive factor

affected lactation only. Sure
of cottonseed oll wzs concentratéd in the unsaponifiszble meterial. When
incorporated in a skimmed milk powder diet to‘the extent of 0.0175 per
cent the concentrate produced zood reproduction. Lactation wes benefitted
when twice this amount was used in the diet. In s more recent paper, Sure
(79) wag not certain as to the part wheat oil played in lactation. The
wheat oil might prevent the oxidation of vitamin A and supply additional
vitamin A. However., there was still a possibility that wheat oil con-
tained a fat soluble lactation factor.
Guest, Nelson, and associates(lg) studied various grains as sources
of vitamin B for growth, reproduction, and lactastion. As a result of
obteining good growth and reproduction - but a low per cent of young reared -
they concluded that the amount of vitamin B neccessary for lactation wag
congiderably greater than thet required for growth and reproduetion.
Hartwell(zo) enploying Piebald rets on a diet prepared by hesting
100 gm. of oatmeal, 2.88 gm. of salt mixture; snd 14 gn. of butter with

500 gm. of water, observec that the litters produced were of smell size
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and the percentage of mortality was high. The weight of ihe young both et
birth and at the wesning period was below norimal There was a noticabie
failure to rear the young even when bread and milk were given to the doe
after the birth of the litter. The conclusion was that the oatmeal diet
w3 not satisfactory for gestation on aceount of the low per cent of pro-
teins present. In order to observe lactation the doe wes plsced on the
experimental ration after the birth of the litter. The young failed to
grow normally. In some instances the young cdeveloped symptoms inéicatiﬁg
the lack of vitamin B. Therefore, this was considered as the cause of the
inefficiency of the lactating mothers on the ostmeal. diets and that it wag
rot due to the quelity of the oatmeal proteins.

Some investigations of the requirements of vitamin B for lactation

(19) observed that consider-

have been made. Guest, Nelson and associates
ably more vitamin B is required for successful lactation than is required
for growth and reproduction. Miller(47) conclucded that the amount of vit-
amin B required for lactation was no greater than that required for zrowth
and reproduction. Sure(as) observed that the lactating mother used the
vitamin B complex quite inefficiently and, therefore, a lurge excess of
the complex must be furnished in the diet of the mother, in order that the
young may secure sufficient amounts in the milk. In regard to vitemins
A and D, Sure(74) found that only minimum amounts were required by the
nother ag they were very ecanomically utilized.

Vogt(go) obgserved that the vitamin requirements for the nursing younz

are very great. The young are fortified by a vitamin reserve when born.

Sure(75’76) asgein demonstrated that the nursing young require large amounts
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of the vitamin B complex, and that it is inefficiently secreted by the
lactating mother. The growth of the young could be greatly stimulsted

by directly feeding vitamin B concentreztes. Sure(86) ascribed¢ much infant
mortality to the lack of sufficient vitemin B complex.

Recently mugh work has been done in the study of the complex nature
of the hitherto so-called water-soluble vitomin B. HMost of the work in
the past on reproduction and lactation has been concerned with the vitamin
B compiex and not with the individusl vitamins B and G. At least two
factors are recognlzed in the ol vitemin B complex. One is heat labile
and the other is relatively heat stable. The heat "ablle factor prevents
polyneuritis or beri-beri and the heat stable factor prevents pellagra.
Both factors are growth promoting. Sherman(sg) reviews the facts concern-
ing the discoveries of these factors designated in this peper as vitsmins
B and G. Evans and Burr(ls) otiserved that approximately five times zs
much vitanin B was required for lactation as for growth. Vitamin G wes
found to be of little importance. On the other hand Sure(78), using rice
polishings which contain more vitamin B than G, found that in order to
secure normal lactation the polishings must be supplemented with zutoclaved
yeast. About three times as auch of both vitamins B and G were reguired
for lactation as were nescessary for growth. Sure(77)‘ using ®vitavose,
a commercial concentrate rich in vitamin B, found it t5 be insdequste for
lactation. It was great!y improved by the addition of autoclaved yeact.
Daniels, Jordan, &nd Hutton(s) studying mill: diets, conciluded that the
noor growth of the suckling young was cdue to the low calorific value of
the diets, or to the distaste for food resulting in too little of the diet

being eaten, and not to a deficlency of vitamin B secretion in the milk.
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In & more recent paper, Daniels, Hutton, and Marks(s) again gteted that
food consumption by the actating mother on a milk diet played an esgential
role in the wel’ being of the suckling yowig. The antineuritic vitamin
was not the limitin: factor.

Evans and Burr(ls) noted 2 paralytic effcet upon young when the
mother wes on a Giet deficient in vitamin E. The youns grew well until
two or three days before weaning. At this time the young suddenly becamc
paraiyzed, and most of them died.

Waltner(91) studicd the effects of iron on blood, growth, fertility,
and lactation. He observed that reduced iron produced a harmful effect

upon fertility and lactation, but the effects might be cured by vitemin

D. Sure(87) observed in studies on lactation that cooper has no sunplemen-—

tary value to a vitanin B concentrate.
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SOURCE AND PREPARATION OF HATERIALS USED

There are many cases of discrepancies in cuperimentel results which
are due to the different sources of the matcriels uced and to the Giffer-
ent methods of itreatment in their preparation. Hence, the source and
treatment of the materials used in the experiments dizcussged in this paper
will be cescribed.

Rolled oats. Rolled cats obtained from the Quaker QOats Company were
used in all the experiments. The rolled oasts were fed in three different
ways: 1. Ordinsry sround rolled oats, R. rolled oats cooked and fel moist,
3. rolied oats cooked and dried.

(1) Rolled cats, fed ray, werc finely zrownd end incorporated In
the diets.

(2) Rolied vats, eooked and fed moist, were finely ground and mied
with the other ingredients of the diet; they were thoroughly moictened
w¥ith distilled water and cooked in a double boiler for {ive minutes at
2000 F.

(3) Rolled oats, cooked snd dried, were thoroushly moistened with
distilled wat-r and cooked 1ln 2 double boiier for five minutes at 2700 F.
They were then dricd in a partial vacuum of 23 inches and at a teaperature
of 700 C. The dried msterial was finely ground and incorporated in the
ration. The rolled éats used in (1) ané-(z) above had the following com-
position: moisture 8.50, protein 16.00, fat 6.82, ash 1.75, fibre 1.45,
starch 62.10, and pentosans 3.82 per cent. The compdsition of the cocked
and dried rolled oats as used in (3) was as follows: moisture 7.87, protein

i6.76, fat 7.13, ash 1.83, fibre 1.53, starch 65,11l and pentosang 3.38 vper

cent.
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Whole mill powder. The whole milk vowder was obtained from the Hervel

Sou'e Company and contained protein 26.10, fat 27.15, sugar 58.00, ash 5.90,
and molsture 2.85 per cent.

Cesein. Commercial ccseln, obtained from Wiikens-Anderson Coudany,
vios washed for two weeks with distilled water acidificd with scetic acid,
the acidified solution being changed daily. After two weeks only digtillead
watoer was used for a period of seversl deys. fter the washing was com-
nlete, the casein was dried in shalilow gaivanized iron pans over steam hot
plates and then finely ground. The dried product had the following com-
position: moisture 4.45, ash 0.40, and protein 35.15 per cent. The »pro-
duct wns vitémin free.

Dextrin. Cornstarch secured from the Penick and Foré Company wss
moigtened with 0.5 per cent citric acid solution and auvtoclaved for three
hours at a pressure of 15 pounds. The resulting product was éried in
shallow enameled pans over a steam hot plate and then finely sround,

Mineral mixturse. HcCo'lua's salt mixture 185 was used. However,

in the whole milk powder diets 2.2 per cent of ferric citrate was added

in addition to the salt mixture.

Yeast. The yeast used in the crperivents was dried baker's yrast from

the Fleischmann Company. The composition of the dried yeast was as followss

45,73 per cent of protein, 1.50 per cent of fat, 37.99 per cent of sterch,
5.01 per cent of cellulose and guas, 7.82 per cent of ash, and 3.15 per

cent of moisture.

Butbterfat. A high grade of butter, obtained from the Co’lege Creamery,

wzs nmelted at » low temperature and then filtered through a seft filt-r

R 1 4 Al b
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aver:£e gain in weight po grom of fuod -nd of srotoin consuand wus 017
and 1,72 rosnectively. The 8ix reats during the LL woek ;erivd conswned
3,833 grams of ration 157, contoining 11469 ver cent of whole milk cowder
vroteins, oiod mede = total gain of 76 gruuse %he food conswned hid a
cslofific valuo of 16,329 cnd contzined 448 zrms of proteine The aver-
age gein in weight per grem of {uod sad of uwrotein consumed wos 020 and
1.70 grams resgecbively. The cunsumition of 3,645 grams of rztion 108,
contuining 1.'-:"-36 or cent whole milk rowder proteius, produced a total
pain in woight for 766 groms for six rets over & neriod of 11 wockse The
£20d cossumed oontnined 487 gross o0 protein and hsd a calorific value
15,674« Tho aversge galn in weight per grom of 1004 cnd of protein con=

gumed was 021 and 1.58 grams respectlivelys

2rokeinge
Ration 109 cuatained 12.01 per oont of proteins, czcein constituting
eight and thirty-five huidredths snd yeust three and sizty-six husdrsedils
sar cont of the dicte COver 2 period of 11 veeks the oix rats m.de &
total gain of BBH2 gramse The raits coneuned 4,882 grame of food, oondain~
ing 334 grams cupeln wroteln, und 14644 grems of jyerst protein, maizing a
total oi‘ 4804 grams of yroteine The food catesn hod = ealorifie walue of
16,189« Tach gram of fuud consumed wroduced an averuge gain of 014 grome.
The nveruge gain in woight per gram of protein cousumed wus l.18 grumse
The six rate on ratiovn 110, coutaining 10402 per ceat of protein from
cooein ~nd threo wad olzby-six hundredths ver cert from yessi, consumed

3,750 grams fovd and made a tobal guin of 587 grume over & neriod of 11

v @e'i*;s °
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The food consumed had & calorific value of 15,788 and contained 376

grans of protein from casein and 137 grams from ye:st, making a total of
518 grams of orotein consumed. The average gein in welght produced per
gram of food and of protein consumed was 0.16 and 1.14 grams respectively.
Over a period of 11 weeks, six rats ate 3,895 grams of ration 111, con-
taining s total of 15.35 per cent proteins, cazsein ccnstituting 11.68

per cent and yeast three and sixty-six hundredths per cent of the diet.
The food consumed had a calorific value of 16,592 and contained a totsl
of 598 grams of protein. The totsl gain in weight was 734 grams. The
average gain in weight per gram of food and of protein consumed was

0.18 and 1.23 grams respectively. Ration 112 contained 17.02 per cent

of proteins, casein constituting 13.36 per cent and yeast three and sixty-
aix hundredths per cent of the diet. Over a period of 1l weeks the

six rats made a total gain of 742 grams. The animals consumed 4,250
grams of food containing 567 grams of casein and 156 grams of yeast
proteins. The food esaten had e calorific value of 18,275...The average
gain in weight per gram of food and of protein consumed was 0.17 and 1.02

grams respectively.

Growth on diets in which gg;léd oats, cooked and dried, constituted the

sole source of proteins.
Diets 113, 114; 115 and 116, containing eight and thirty-fiﬁe

hundredths, 10.02, 11.69 and 13.36 per cent respectively of cooked and
dried rolled oat proteins were employed. It was impossible to secure
aceurate food consumption records on diets 113 to 115 inclusive. The

rats scratched the food out of the cages. No food wés wvasted by the
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rats on diet 116. Therefore, the results obtained on diet 116 only
of this series are comparable in the comparative biofogical study of
proteins.

The six rats on ration 116, containing 13.36 per cent of cooked
and dried rolled ozt proteins, consumed 3,136 grams of food containing
419 grams of protein and baving = calorific wvelue of 15,485. The total
gain for the 11 weeks period was 521 grams. The average gain in weight
per gram of food and of protein consumed was 1,13 and 1,21 grams respect-—

ively.

Growth on diets in which rolled oats, cooked and fed moist, constituted

the sole gsource of proteins.

The consumption of 3,533 grams of diet 117, containing eight and
thirty-five hundredths per cent of cooked rolled oat protelns produced
a total gein of 431 grams in six rats. This amount of food contained 295
gramg of protein. The calorific consumption for the 11 weeks period was
17,738. The average gain in weight per gram of food end protein consumed
was 0,12 and 1.46 grams respectively. The six rats during the 11 week
period consumed 4,281 grams of diet 118, containing 10.02 per cent of
cooked rolled cat proteins. This smount of food contained 18,022
calories and 429 grams of protein. The average gein in welght per gram
of food and of protéin consumed was J.15 and 1.34 grams respectively.
Un ration 119, containing 11.69 per cent of cooked rolled ost proteins,
the consumption of 4,457 grams of food, which contained 521 grams of
protein, produced a tosal gain of 693 grams in six rats during a period

of 11 weeks. The calorific intake wes 18,987. The average gain in
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weight per gram of food consvmed was .15 grams and for protein was 1.33
grams. On ration 120, containing 13,36 per cent of cocked rolled oat
proteins, the total food and protein consumption for the 1l week period
was 4,139 and 553 grams respectively. The calorific value of the food
consumed was 17,793. The total gain in weight for the six rats wes

730 grams. The average gein in weight per gram of food consumed was

0.18 and for protein was 1.32 grams.

Growth on diets in which wmcoocked rolled ocats constituted the scle source

of proteins.

The six rats on ration 121, containing eight and thirty-five
hundredths per cent roiled ost protelns, consumed 3,136 grams of food
éontaining 262 grams of protein in 11 weeks. The calorific consumption
was 13,077. The total gain was 383 grems. Therefore, the average gain
per gran of protein consumed was l.46 grems. The gain per gram of food
eaten was 0.12 gram, The six rats on raotion 122, containing 10.02 per
cent of rolled oat proteins, consumed 3,087 graas of the food containigg
314 grans of protein. The experimental aninals made a total gain of 346
grang in 11 #88ks. The calorific velue of the food consumed was 12,996.
The average gain in weight per gram of protein eaten was 1.33 grams.

The gain per pgram of food was'0.15 gren.

Ration 123 contained 11.83 per cent of rolled oat proteins. Over
a period of 11 weeks the total gain for six rats was 355 grams. In order
to make this gain 3,580 grams of food éontaining 415 grams of protein

were consumed. The intake wes 15,123 calories. The average gain in
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weight was 0.18 gram per gram of food and 1l.58 grams per gram of protein
consumed. The total gain in weight for six rats on ration 124, conteining
13.36 pef cent of rolled oat proteins, was 612 grams. Three thousand

four ﬁnndred and seventy-six grams of raticn containing 464 grams of
protein were eafen during & period of 11 weeks. The calorific value of thé
food consumed was 14,947. On this diet the average gzin in welght per
gram of protein consumed was 1.32. For each gram of food consumed gain

in weizht of 0.18 grams was obtalned.




78

EXperimentz on Reproduction and Benring of Yom

In the experiments on rerroduction and resring of young, & further
study vus mede on the diets investigete® for growth. /fnd in zddition,

other dietz were employed, consisting of verious levels of mlled ctts from

[¥~]

5 rer cent up to and including 91.3 per cent, fiver ner cent .f f£iltered

botterfat, "eCollum's s:1t mixture 185 (1914) (25)

» 3.7 per cent, snd the
renainder dextrin to 100 per cent. The rations vere fed 248 1libitur and no
food consumption recerds viere kest in this serics of diets. The resultis
obieined re riven in Tables XVIITI and XIV on pages 107-108, and the come
nooition of the diets ie shown in Tebles XV end ¥VI on pages 103-104,

Reproduction ané rearing cf youmg or dlods contceining whole milk powder,

Fation 105 contzined 31.99 per cent of whole milk povder =8 the sole
source of proteins snd vitomins. This amount of rilk prwder contsined 8.75
per cent of proteins. Cne female produced cne litter of three young; another
produced two litters of tvo @nd nine younge. The third female diled pregnant.
of the 14 young born seven vere reered. The mortelity wes 50 per cent. The
" aversge age of the mothers =t the birth of the fivret litter wes 1726 days. The
tire on the ration ves five mopths. Grovwthk onr this diet wes below nommal, The
amount of the ratiom comsumed was 6,685 grems in 20 weeks. Retion 106 con~
tained 38.39 per cent of whole milk powder &= the sole source of oroteins and
vitemins. This mou.nt of milk powder c¢ontsined 10,02 per cent of protein.
During the five-rronth period ecci of the three femcles on the diet produced
one litter cach eight and ten, young. The young from the litters contsining

eight =nd ten ruts died within one week cfter birth. Of the 74 young borm
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81X rere reared, the ncrcentage mortelity being 75. The avercge welght of the

young &t birth wes 2.3 groms and st four vweeks of age U5 grams. The sverage

age of the mothers ct the birth of the first litler wes 112 duys. Grovth

on thedlet =cs nermal. Highty-five hundred grams of food were consumed in
20 —ecks. Rotion 107 conbtzined 44.72 per cent of vhole milk powder as

the only ssurce of nrteins and viteming., The milk cownder furnished 11.69
per cont of proteins. During the five-month period three femeles produced
twe litters of young ecche One female died =zt the end of the second month.

The cruse of decth vas unknown., Of the 40 young born only 15 were rezred.

i The 25 young died within cne veek zfter birth.e The mortzlity on the diet

88 0245 DBY cént. The average veight of the voung »t birth wes 4.5 grems

end at 98 deyes of =zpge wis X8 grems. The sverczc age of the mothers vhen tie

first 1itters were born ves 107 4:¥8. OGrowth »n the dlet was nommel. Seven

thousend five hundred groms of raticn were consumed in 20 vweeks. Ruetion 108

eontoined 15.19 per cent sf whole milk powder as the sole source of nrroteins

| and vltemins. There vere 17.38 per cent of proteins in the diects The threc.

females on the dlet prciuced four litters cf 20 young. ©Of the 20 young

born 17 were reared, meking the percentuge wort-lity 15. The threc young

vhich died constituted one litter. They died during the first veek z«2firy dbirth,
The svercge welight of tie young Just after birth ves 4.5 grems end st four
weeks of age 36 grms. One litter of tho welghed 50 grems ecehr ot the end
of 28 days. T2e mother's -ge vhen the firrt litters were produced wezs 133 days.
Crovth on the diet was nomsls Seven thousrnéd seven bundred eighty-seven

B grcms of food vere consumed in 20 weeks.
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Reproduction snd recring of young on diets conteining gesein end yeast.

The rztions 10%, 110, 111, 112, coming under this nezd, contzined
sgur-ager for roughage, butterfet for the £t soluble vitemins, zné ye-st
| for the vitimin B comvlex.

Diet 109 conteined 8.78 per cent cesein, supplying 8.35 per cent
protein, and eight per cent of dried yesst, furnishing 3.86 ner cent of

¥ protein. During the five-month nerind two of the tiree females produced ore

¥ 1itter each of tvo end three ysung. #11 of the voumg d'ed during the veek - fter

: birth, msking the percentage mortelity 100. The avercge weight n»f the young
i shortly afier birth wis four grems. The average age of the two mothors vien
; the Tirst young vere born tes 135 dnvs. Grovth on the diet wes slightly
below nomal; During the 71l week veriod 8,335 grams of food were consimed.
Ration 100 contained a total of 13.68 per cent of proteins, supplied by the
: 10.53 per cent ecasein and eight per cent yeast in the diet. Three fem=les

j produced four litters of 26 young, only seven of vhich vere resred. The
nortality wes 73.1 per cent. The young died within & few duys ufter birth.
The average vwelght of the young shortly efter birith vas 4.3 grans end et the
age of 28 deys was 28 grems. The averige 2ge of the mothers when the first
I litters vere born vas 1lU3 days. Growih on the diet was normal. The six
animols consimed nine kilograms of ratien in 21 weeks. Reticn 111 conteined
l' a total of 15.35 per cent of protein, sunplied by 1Z.%9 per cent czsein eng
eight ner cent of yeast in the diet. Tne thrce ferales cn the diet produced
four litters of 30 young. One young wes born deed, =zmd £2 died within cne
week after birth. Seven young vere resreds The percentsge mortality was

76.7. The aversge weight of tie young shortly after birth wves 4.3 grams
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end at 2€ days of sge wes 26 grams. The uvernge age of the mothers when the

i first litters were born wes 98 days. The time on the ration was five months.
The gmvwth curves were normel. Eighit thousend two hundred five grams of

l| rotion vere consumed in 21 weeks.

Ration 112 contained a tobt=l of 17.02 per ocent of proteins, supplied by the
H 14.04 per cent of casein end the eight per cent of yeast in the diet. The

" four faralea on the diet prmwduced seven litters of 40 young. One female

died Just after giving birti to a litter of seven young, &nd, £s o res-lt,

the young dled. One young was born desde. The remainder of the youmg with

the exception of the six which vere revred, died vithin one week after birth.

| The percent-ge of mortality weze 85. The eversge weight of the young shortly
cPtor birth wos 4.5 grems =nd at 28 drys cf 8ge w=s 42 grems. The aversge

ege of the mothers when the first litters were born was 105 days. The time

on the rstion wos five months. The grovih curves were normsl. In 1] weelks the

f animels consumed 8,468 grems of the diet.

Reproduction and rearing of young on diets cont:ining rolled oets cooked

Mend fed moist..

The yvolled ovts in the diets were the source of the proteins endé of

_‘ tte vitemin B complex. Butterfat supplied v‘.itamin A and De The rolled

oats and butterfat furnished vitemin T.

Ration 117 contai;:ed 52.20 per cent of cocked rooled outs which supplied
8.35 per cent of proteins in the diet. Two of the three femzles produced one
litter each of five end six young, sll of which were recred. The average weght
of the young shortly after birth was 4.3 grams and the averuge welght was

| 36 grams at 28 days of age. The average gge of the two mothers vhen their
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first young were produced vas 140 deys. The time on the ration wes five
montha; The growth curves were slighily below mormal.

Retion 118 ernntained £2.63 per cent of cooked rolled ocsts, which
suopplied 0.0 per cent:f proteins in the diet. The three femzles sro-
duced four lititers of 34 young, 2ll of vhich vexrc reasred. The overage welpght
of the young shortly alter birth wes 4.4 grems and &t 28 doys of ege wes
%0 grezms. The average age of the mothers when the first litters were born
ves 145 days. The time on the ration vwaos five months. Growth curves rere
pormel. Ration 119 contained 73.06 per cent cooked rolled octs, vwhich supplied
11.66 pver cent of protein in the ration. The three femiles produced one '
litter of younz eachs All of the 17 young were re:srede The mvercre welght
of the young shortly after birth wss 4.5 grams &and averaged 36 grams =t the
end of the fourth weeke The average age of the mothers when they produced
the yaung Qas 140 days. The time on the mtlon »ae five months. The growth
curves vere norral. Ration 120 conteined 83.50 per cent of cooled yolled
oats, which supplied 13.36 per cent of proteins in the diets Of the four
females on the ratiosn, one died st parturition during the middle of the
tbird nonth. The remcining three ferzles produced four litters of 33
young; two of the young died dmring the first week after birthe The re~
»aining 31 young vere rerred. The average velght of the young shortl sfter
birth vas £.6 grems and ¢t the end of 28 days 44 grems. The average age
of the mothers vhen their first litters were bgrn tae 140 dayge The time

on the raticn was five wonths. The growth curves were above nomel.
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Reproducticn and re=ring of woune on diets containing uncocked rolled oats.
In the following diets the rolled oats were the sole source of protein.
The vitomins were supplied by the ontmesl o#nd the five perccent of butterfat
incorporated in the dbtse

Retion 121 contzined 52.20 per cent rolled oats, which supplied 8.35

per cent of proteins. Two of the three females produced one litter esch of

five end six young. Tke litter of six died in four deys becasuse of lack of cere

by the mother. All of the litter of five vere resrecs The percentupe of

N HSPITEARDY  fhReyert o | g

mortality wes 54.5. The cvermge veipght of the young shortly after birth vas

AT
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4.4 grams end =t 28 days of oge was 22 grams. The average rge of the mothers

T

when the litters were produced was 123 dsys. The time on the retion was five
months. The. grovth cuyves were below normel. Six thousand seven hundred

thirty grams of reticn vere consumed within 21 weeks. Ration 122 contained

SR RN AL I A 2

62.63 per cent of rolled oats, supplying 10.02 per cexnt of nrotein in the

R

diet. Rach of the three femeles on the diet produced ome litter of young.

0f the 16 young born 12 vere recreds The six young vwhich dkd constituted

LMty 12

one litter. They died with 10 days zfter birth. The mortslity wes 33.3
per cent. The average welght of the young et dbirth, or shortly after, wes
4.5 grems and 30 grams =t the age of four weeks. The averere nge of tie
mothers when the litters were produced vss 140 deys. The duration of the
expe riment wos five :zionths. The grovth curves —ere slipktly below nomel.
During 21 weeks 7,000 grams of raetion vwere consurmed. Retion 123 conteined
73.06 per cent rolled outs, supplying the diet 11.65 per cent of croteins.
The three femmlce on the diet produced Tour 'itlers of 24 young. One

young vas born dead end 10 young died within Hur days after dbirth.




one femele, for same unkncwn reason, died during the fifth month

of the experimente. The everags velght of the young shortly after birth
ves 4.5 grams end 28 grams &t the end of four vweeks.e Two litters vexe

; recreds The cverage cge of the mothers wher the firet "itlters -ers born

E wes 120 days. The rzts were kept on experirent for five months. The

growth curves were nornsle Seven thousand four hundred and ninety grams
of ration wers consumed in £1 veeks.

Ration 124 contsined 83,50 per cent of rolled oets, supplying 15.36
per cent of proteins. The three femeles produced five litters of 55
young. Since cnly ore yourg died, the percentage of mortzlity was but
2.9. The averced weight of the young shortly after birth was 4.5 grams
end 42 grems ¢t the vge of 28 deys. The aver ge £ge of the mothers when
the first litters vere produced wes £4 dayse The durstion of the experi-
ment was five months. The growtn cuxves vere pomel. Eight thousand three
hundred snd six grams of retion were consumed.

¢tn retion 125, containing 35 per cent of rolled oxts &nd supplying
5.6 per cent of proteins, no young vere producede The duration of the
expariment was seven months, One female died during the first month of
the experiment epd another died et the end of the fourth monthe The growth
curves were considsrebly below nomal.

On retion 126, contoining 40 per cent of rolled osts and supplying
8.4 ver cent of profeins, one of the three females produced ~nt litter of
gix young. TFive youn: were reareds The zversge welght of the youmg
shortly after birth was 3.5 grems snd 10 grems st 28 days of ages These

young were them pleced with e lsctating femzle on the groving reticn.
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The vowms grew normally end reproduced normally on the zrowing ration.
The mortelity on retion 126 and 16.7 per cent. The duration of the
experiment vas seven monthse The growth curves were considerably below
normal.

Retion 127 contained 45 per cent rolled osts, supplying 7.2 per cent
proteins in the dlet. OFf the four females, one femsle died =t the end of
the third month from an unknown cause; another dled st the end of the fifth
month with otitis media; &nd one of the two remaining females produced two
litters of 12 young, four of which were resred. The remsinder of the
young died within the first week after birth. The sverage welght of the
young shortly after birth wes 3.5 grems ¢nd 10 grams st 28 deys of age.

The percontege reortelity wes 88,8, The =zge of the mothers vhen the first
litter was produced wes 137 deys. The duration of the experiment weas
seven months. The growth curves were considerably below .nomal.

The four young reared were placed on the growing rations They grew,
reproduceé, end reared young normally.

Retion 128 contoined 50 per cent of rolled ozts supplying ei”g-ht per
cent of protein in the diet. Three m:les and five females werc placed on the
diet.s One mele died st the end of the firat month with otitis mediss Threo
fanales died; one died at the end of the second month with otitis medis;
another died rregnant during the fifth month; snd 'ne died at perturition in’
the sixth month.. Four litters of 21 young vere born and eight were reared.
The percentage mortelity wus 62 The 13 young died within four deys kfter

birthe The sverage weight of the young shortly afier birth was four gramé

sl at the erd of four veeks, 20 grems. The aversge nge of the mothers
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vwhen the first litters vere produced vas 98 days. The first generation
animals were kept on the diet 7.5 months. The growth curves vere below
noreal.

Theee of the young recred weYe placed on the growing rntion. They
grew, reproduced, snd reered young normally. Five of the young were
continrued on the experiment=l ration for five m-nths. 7The three females nro-
duce?d one litter eech. 2 totzl of 19 young were borm, tvo reing born dead,
Eight died vhen two weeks of cge ond threc young dled four dazys efter birth.
Six young, constituting cne of the litiers, were resred. The average welght
of the voung shortly after birth was 4.5 grars =nd at one month of age 20
grams. The age of the mothers when the first litters were produced xas 124
days. The growth curves were below normal. The experiment vas not con-
tinued with the third generafion.

Retion 120 conts=ined 56 per cent rolled ocsts, supplying 6.98 pex cent
proteins in the diet. Four meles an’ two femsles were emploved on the diet.
One fermle produced one litter of five young and the other three iitters
of five, fTive, and eight young respectively. All of the y-ung dled within
the first week after birth. The average weight of the young st birth was 3.5
grams. The sverage =ge of the mothers when the first litters were prodfuced
was 153 days. The tire ~n the restion wes 7.5 months. The growith curves -ere
below normal.

Ration 130 econtained 60 per cent of rolled orts, supplying 9.8 per cent
protein in the diete The three femeles produced seven litters of 4 young,
12 of vhich were refrede The percentage mortelidy wos 72.8. One young was

born dead and the remzinder died within a week sfter birth. The

14
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average weight of the young shortly after birtkh weg 4.5 grams and 25
grams at 26 days of age. The average age of the mothers when their first
litters were produced was 94 days. The irst generation was kept on the
ration 7.5 months. The growth curves were normal.

The second generation was carried over a period of four months.
Three females produced four litters of 22 young; 18 young were reared;
giving a percentagze mortality of 13.7. One young was born dead and three
young died 10 days after birth. The growth curves were below normal.

.The third generation was continued on the ration three months after
rearing. Three females produced five litters of 24 young, 13 of which
were reared. The percentage mortality wes 45.9. Eleven young died within
48 hours after birth. The averuge weight of the young shorily after birth
was five gramg and et 28 days of age 27 grams. The mothers reproduced at
an average age of 100 days. The growth curves were normel. The fourth
generation was not continued.

Ration 131 contained 65 per cent rolled oats, supplying 10.40 per
cent of protein in the diet. One male died during the éighth month of
the experiment, the reason being unknown. Oné female died during the
sixth month on the seecond dey after giving birth to her third litter. The
litter of six young were born dead. In eddition to the litter born dead
seven other litte;s were produced. Host of the 28 young whoch died did
go within 48 hours after birth. The percentage mortality was 75.7. The
average weight of the young was 4.5 grams ghortly after birth and 37 grams
at 28 dayg of sge. The average sge of the mothers when their first

litter was produced was 8l days. The time on the ration was 7.5 wonths




Zor the Firyst gepexrciion. The gTo¥th curves vsre nermels One of the
three fcmales »f the second generation on this diet died during the
third monthe One of the remeining itvo femealss produced one litter of
14 young &nd rTeored ll. The othexr femeles produced tro litters of one and
elght youngs Four -ung died vithin one wesk. Nineteen of the 23 young born
were reared. The averasge veight shortly afiter birth wes 4.5 groms and ot
four wesks of age 27 grumse The per cent mortality ves 17.4. The time
on the ration wes five wonths. The growth curves vere slightly below
normale

Three meles and buree females of the third generation vere continved
on tne diet three and one~half months. In this time two. litters of 12 young
reXe born and all were reared. The averzge rekt of the young shortly after
birth was four grems ond 28 days of zge wes 27 grams. The grovih curves vere
nomsle The fourth gemeration vwes mot continued.

Ration 132 conteined 70 pexy cent of rolled occts, supplying 11,20 °
pexr cent of proteins in the diet. Of the three femsles on the diet <ne
died at parturition, after having previously ziven birth to twe iitters
of young. Ten litters of 44 voung ware born r-nd 13 reared. The rewsinder
of the y-ung died within one veek zfter birth. The -versge weight of the
young shortly after birth was 4.5 grams =nd 31 grems at 28 days cf egs.
The first genaraéion cag kept on tlhe diet seven snd one-inlf months. The
grovth curves were normale

From the three ferzles of the second generation kepl on the diet
three litters of young vere producede Of the 15 young born, 14 vere

reayed. The percentege of mortality vas €.7. The time on the retion was
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five months. Growih curves vere below normal.

Retion 133 contziped 75 per cent of mlled onts, supplying 12 zer
cent of proteins in the diets One mele and 211 three females on the diet
died. Two of the fensles died shhrtly =fter heving given birth to their
thérd litter of young. The cause «f the dsuth of the other femzle snd the
male was unknovn. Therefore 12 young died, zccount of the fset that
thelr mothers died snd nine young Gied within a week &fter birthe The
percentege mortality vas 38.2. The everage welght of the young shortly
after dirth ves 4.5 grams end 30 grams 1t 28 days of &gce The averase
ege of the mothers vhen their iiret litters were produced vseg 85 days.

The first generation w=s kept on the diet eight ané one-kalf months. The
growth curves were rormal.

Three females of the second generation produced one litter esch.
Three young from a litter of four died within ore week sfter births The
vercentage mortality was 17.6. The everage welght of the young shortly
after birth vas five grems and 34 grers ¢t the cge of 28 dsyaes The
sccond generction ves discirded &t the end of four months. The growthk
curvee ucYye below normale.

Three mcles end three fereles from the second generation were
continued on the dlet for thres and one~hnlf months. ZXach femzle produced e
litter of y-ung, & tobtcl of 20 young. ‘11 of the young were resred. The
aversge weight of the young shettly ofter birth wes 4.5 grams znd 36 grems nt
28 days of sgee The growth curves vere normale The fourth generation
was not continued.

Ration 174 contained 80 per cent of rolled oets, supplying 12.80




per cent of proteins in the diste 02F the thrve feamles on the dlet one
died zt psriuvrition, =fter toving wreviously given birth to tvo 1litters
of young.e Ten litters of 58 young were borne One litter of four young
rezre born dod. Six young died within 48 yours efte® bivth. The percente
age mortslity vas 17.8. The average weigit of young shoﬁly £t r birth
vas 4.5 grams snd 3) grems st 28 duys of oges The 2vePege age ol the
wothers vhen thelr first litier was produced wasg 66 dsyBe The first
generation wves disc.rded after nine months. The grovth curves vere above
norma le

Phe three femcles of the second generation produced three litters of
20 young. {ne young ®wes born dead, nine young dled within 49 hour efter
birthe Ten young were rearsd, making the percentzge of rortality 0.
The sverage weight of Foung shortly after birth ves 4.5 groms and
23 cpums at 25 days of cagee The time on experiment wes four months. The
grovih curves werc helow pomal.

One msle und five femles of the third generation were continued

on the diet for a period «f four months. Each femzle produced one litter

of young. Of the 35 young born 25 vere recred. IEvery one died within one veek

zfter birthe The percentage rmortality wos 29.9. The aver:Be weight of the

young shortly efter birth wes five grams and et 2 days of 236 was 72 grams,

The growvth curves \‘:'(_-I'e norrel, The fourth generation Was not continuved.
Beticn 135 contained 85 per cent of rolled oats, supplying 13.€0 jper

cent of proteins in the diet. One of the three ferviles dled pregnent during

the £i€th mont: after hsving wraviocusly given birth to one l1itter.
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DiSULSSION OF sESULTS

Comparative Growth on Uat Proteins, milk Powder Froteins, aud Casein

in the study of the comparative value of the proteins of rolled
oavs, whole milk powder, and cacein supplementad with yeast, the
average galn in weight of the experimental animals per gram of protein
consumed, in the 11 week period, is _te_ken as the basis of comparison.
fable XVil shows the result of the experiments and Fable XV glves the
composition of the diets.

Wnen tne ration contained 8«35 per cent of wkole milk powder
proteins the average galn in weight for six rats was l.64 gramse. When
the diets contalned 10402, 11.69, and 13.36 per cent of whole milk
powder proteins the average galn in weight per gram of protein consumed
was 1e72, 170, and 1456 grams respectivelys %=Tne greatest gain in
weight per gram of whole milk powder protein consumed was on the 10402
per cent protein levele Zhis probably represents approximately the
maximun growth promoting capacity of whole milk powder proteins when
fed to albino rats under the conditions of the experiments

fne whole milk powder in each of the four levels contained
sufficien:y  tamins for normal growthe Hormal growth was obtainsd
on diets with purified casein and 8.35 per cent of milk powder proteins,
equivalent t0o 31«99 per cent of whole milk powder, as the omly
sources of vitamlins 4, B, C, and De The growth curves were normal
on the diets containing 10.02 or more per cent of wnole milk powder
proteins. Sure {80) ohserved that 9.6 ver cent of milk proteins was

adequnte for good growthe

—r———
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Tho oasein dlets, 108, 110, 111, and 112, contolned Be35, 10402

11469, and 13.56 ver cent casein respectively-~suprlemented in each case
with 3«66 per cent yesst proteine Ihe average gnin in woight per gram of
total protein consumed over the pexiod 0f ins e}cpgriment was, for diet

109, 1418 gramsp for dict 110, lel4 grams; for diet 11l, 123 groms; and
for dlet 112, 1.02 grams. ©ne maximun gain per gram of proiein consumsd

: wos on who dlev coataiuning cisein and yeast protaoins at lavols of 11.46¢
end $#€6 por cent rospectivelys OUsborne, meniel, and Ferry (63), in

 f estimatisg the matritive value of casein ai levels of 174 wer ocent,

’ g 1447 por cont, 120 per cent, and %3 per cent, obtained maximum growth

: promoting propertles on the 9.3 per cent levels

it is unimown $0 what extent yeast protein sup:lements taseina

' Osborne uod mendel {ol) observed tnat rats grew nornally oa less ihan 18

| cer cont yomst proteinms Smith and Holder (71) found that yeast protein

: was well ubilized by humsn beingss h'eléon, Heller, and Fulmer {55} using
the albino rat, secursd good growith and resring of young on yeast protoins.
! nitchell (48) and Stiit and Koch (73) observed tnat the digestibility of
yeast proteias wog sbove 70 per cent. selsenheimar (40) states that

| yoest protein costains two per oehit of cystine and other sulphur-containing
compounds in addition to otner essential amino acidse IYeast protelns

| ghould grestly supylemgub cagein since cystine is the limiting anine acid
of casein according to Osborne and xmendel {57)e Tne growth curves were

-. normal on the diets whioh contained as much as 10.02 nexr cent of casein

| and 366 por cent of yeast proteine BSince 12 per usab of casein, sccording
‘, w0 weborn and ..eandel (57) s le not odeauste for normal growth in the rat,

1t is avident uliat yeast proteins sup lement casein %o a considerable
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extente

A diev of rolled oats, cooked ia a double boiler for five mi: mves
at 9343° e and dried ia a partial vaowum of 23 inches at 70° C.,
containod 1336 per cent of rolled oat proteinse iuring the period of
experiment, the average gain in welght por gram of protein consumed on
this diet wan 121 grames Growbth was below normal on this protein levela
The food consumption was low on this diets

ine diete of rolled oats cooked in a aouvle boller for five mimutes
at o temperature of 200° Pe ond fea moist contained oat proteins at the
levels of 8435, 1002, ~:I.11.69, and 1336 per cente The avernge gains in
wolight on itnese reamcﬁﬁé levels of protela, pex gram of protein con
sumod, were l.46, 1«34, 133, and 132 gromse Ine maximmm growth
efficiency was exhiblted on e 8+3b per cent level of oat proteinse Only
on the 835 per cent lovel of the oat proteln was the growth below normale

Tie average s=ins in weight por iram of proteln comsuned 02 the
8435, 1002, 11469, snd 13436 per cent unnoooked rolled oat proteins were
led6, 1e33, 1433 and 132 grams respectivelye 4$he maximum efficiency of
the oatmeal pmtaius, for nromoting growth, was 0btoined on the 8436
porcont levels drowth wos normal on 1169 and 13.36 per cent levels
of roiled oats proteins, bui below normal on the other two levels.

The reai;its on the diets of roll.d oatls, cooked and dried, ars
conslderably lower than those Obtained on the uncooked and vhe oooked fed
moiste #his appesrs to be due te the follure of these animzls t0 consune
& sufficient amount of the dietse Fhe ration was not palatoivles The

cooked and dried product was very bhard and toughe Zhe poor value of
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rolled cat proteins fed moist.

double boiler has no deleterious

8.35%
3.66

10.02
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diet 116 can be explained only by the drying effect upon the starch of
the rolled oats. There were nc evidonces, snd it seews improbable, that
the antineuritic factor was destroyed in the drying process.

There is an apparent difference, judging from curves of growth,
between the nutritive value of the uncooked rolled oat proteins and the
cooked rolled oat proteins fed moist on the corresponding 8.35, 1C.02,
11,89 and 13.36 per cent protein levels, This apparent difference is
due to the fact that the experimental cnisals consumed more of the diets
containing the cooked rolled oats fed moist, and as & consequence grew
larger. 4n analysis of growth, from the standpoint of Tood consumption
on the comparative levels of protein, reveals that one gram of uncooked

rolled oat protein is equivalent in nutritive value to one gram oi cooked

Therefore, cooking rolled oats in a

effect on rolled ocat proteins. Cooking

has a beneficial effect from the standpoint of increased food ingestion.
It is well known that milk proteins are of the highest biological
value. Therefore, if we use the results of the milk powder proteins 28

the standard of comparison, we get the following results:

71.9%

66.2%

72.4%

84.6%
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folled oats {cooked snd dried) 1336 7606

folled oats {Cooked & fod moist) B8a3H 890

" " " 10602 7746
" " " 12469 78.2
" n " 13e36  B5e5
~ Bolled .ats {uncooked) 8435  89a0
u " " 10002 7743
v " 11469 782
"o " 1336 85«5

he results om the dlets conbaining whole milk powder and uncooked
rolled oats, on the comperative protoin levels Of 8435, 11469, ond 13436
por cont, are striclly comparsble for tho reason that the amount of food
consuned was apnrouimately the same on all comparable levelse. Thereiore,
in these cases the celerific value and provein consumed during the period
of the experiment were aprroximately the some on the comparative levels
of protein.

These results indicate trat the rolled oat proteins are of g highor
mitritive velue than is concedod by many of the mnerdius iavestigniors
who have studiel the biological value than caseln or casein sup, lsmounted
with yoast et the protein levels investigotede

Gomparative Reproduction and Lsotstion on
Ost Froteins, Whole milk Powdor, and vasein

%veps and Bishop 8, 9 10, 11, 12, 13, 14, have shown that

tho distary factor, Vitamin E, 1s ssseutial for reproductions Their results

nlen show that buitter fat and yeast zare poor sources of this vitamine Sure

<
— A
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(68). showed tuat butver fat contans varying but demonstrable amountie

of this vitemine deiler (:22,55) denonstrated that yeast coutained this

vitamin 50 an apyreciabie extent. Eennedy {(25) showed that oasts contained

Vitanin Ee

ine ezperimensal animnls, On diets 105 to 124 inclusive, were
contimed on these rations for o period of five months, 1n order %o
secure some data with respect to reproduction and rearing of young On
diets containing comparctive lesvela of protein from different soursese
tesulta of the eoxperiment are shown in ipble XViike =Reproduction on all
those diets is good, with excoption 0f those containing the cooked and
dried rolles ontse Fhe averaszs size of ths litters is about the same
on all the diets but ia euch case is provably below the normale iho
post results 1n respect t0 successful reproduction and rearing of young
were obtained on the raw ro.led oats mnd on the cooked rolled oats fed
moiste %he average weight of the young at 28 dags of sge for whole nmilk
powter diets was 31 grame; for caseine-yeast diets, 32 gramsi for the
rolled oats cooked and fed moist, 37 grams, and for the dlets of wmecooied
rolled oats Ols gromse Eho average percentage mortslity of the whole
milk powder rations was Bis6 per cent, for the cnsein-yesst rations
8347 per cent; for the rolled cats cooked and dried 1 0 per cent, for
the rolled oats dletvs, cocked and fed moist, 25 per cent, and for the
uncooked rolled oat diets, 4.1 per cente Ouly on one series of diets,
those of the »o.led oats cooked and fed moist, was rearing of youung
normale 4ihe milk powder diets werse superior to the comparative casein~

yoost dlets with respect to lactatione ©¢he uncooked rolled oats and the
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roiled oats, cooked and fed molst, on the respective levels of protein

and occlarific content, are markedl; superior to whole milk powdere 1ho
aprarent suveriority of the rolled oats, cooked and fed moist, over the
uncodked rollsad vate 1s Que to tre ipcmascd consunntior of the cooked
moist dletase. Tho rasulits on the milk nowder diets and those on the raw
rolled oats are strictly comparable for the remson that the food consup-
ption waes auproximately the same for the poricd of the exreriment. Ehe
comarative diets zlsd contained the agme percentszge 0f protein and cole
orific valuee Ine food consumption on the casein-yenst diets wns ap reciapvk:
groateor than on the whqle milk powdor and wacocked rolled oat diots, but
the cfficiency of the casein diets w.s much lowers
The p .or results of lsctation on t'ng milx powder diets wus probably

due to the low content of the vitamin B ;:omp}.evx.\_ A watrol diev of
casgin and 3199 percent whole milk powder sun lemonted with salt mixiure
forric citrate, butter fet and dextrin produced normel growthe The fact
that normal growth wes obtelned on this level of milk powder 1ndicatee

a far greater roquirement of vitamin B complex for lszctation then for
growthe Sure {75,76) has shown that the nursing young of ths rat

requlres rather large amounts of both vitemins 5 andd and that the mothers
use thess vitaning vory insifficlentlye Sure (78) ohserved that sbomt
three times as much of the vitamin 3 ermnlexz wns required for lactation

as for growth which fact verifies the results of Guést and Holsone

Pne inefficiency of the lactating motners on casednwyeast dlets e
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is no doubt due to the lack of the Vitawin B cumplex in thc 8 per cent

yeest employed in the diets. Control experiments showed that at lecast

§ per cent of this yeast was required for narmal growth. Evans and Burr

(1928) (18) state that in a simpli=field diet about 5 times the usuel

intake of vitamin B complex is reguired in the latter .art of lactation.
The failure in the diets of rolled oets, cooked and dried, was

due to 16w food intake.. The diet was unpdlatable and no doubt difficult

to digest.

Comparative Velue of Different Levels of Rolled Oats
As the Sole Source of Protein on Reproductbion and Lactation
The results of the more detailed study of the effect of rolled

oat diets upon growth, reproduction, and rearing of young are showvn in

Table XIXand the composition of the diets is given in Table XVI ., Growth

was normal for the first generation when the diet contained as much as

60 per cent rolled cats, the remainder of the diet consisting of S5

per cent filtered butter fat, 3.7 per cent icCollum's salt mixiure, 10.185

end 31.3 per cent dextrin. This percentage of rolled oats contains 2.60C
per cent of proteins. The growth of the second generation on this diet
was below normal, but the third generatlon grew normally. The same
results were observed on all of the diets containing higher levels of
rolled oats. The firet generationswas placed on the diebls in September
and carried through until May, the second generations from January until
Bay, and the third generation from May until Septesber approximately.

It is not known whether or nob the time of the year has eny effeet upon
Y B
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the growth of the rat. The above results are most likely due to different
rates of food consumption. Food consumption records were not kept on
these experiments.

The ages of the mothers wheh they produced their first litters of
young was appreciably greater in the s~eond genseration than in either the
first or the third generaiion :emalas. This shows & relationship to
the growth. Thie may be due to the period of the year, but most likely
is due to the rate of food consumption. The young produced by the third
generation had & lover death rete than those froi either the first or
second generations.

A study of the effect of the period of the year upon food consump-—
tion, growth, reproduction, and the rearing of young should be made.

Reproduction and rearing of young was obtained on & diet containing
40 per cenit rolled ozis as the sole source of proteins and the vitamin
B complex. However, only cme litter was produced on this level of rolled
oats. The young were placed with a lactating female from the growing
rationighd mere maintained on the stock ration. - They grew normally snd
reproduced,normally. Young from the 45 and 50 per cent levels of rolled
ogts diets were placed on the growing rations when weaned (at 28 days
of age). and growth, reproduction, and rearing of young were normal. Thcse
results show that “the low protein and vitamin B of the rolled oat diets did
not have a deleteriocus effect upon the young.

On diets 128 to 135 inclusive a rather large per cent of the first
generation females died during of period of pregnancy, at parturition,

or shertly after parturition. There were no deaths, however, in eithar
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the second or third generation females at these periods. The reasons
for this are unknown.

The young produced on the rolled oat diets us a rule were
slightly under weight at birth and also at the age of 28 days. The

mortality was appreciably above normal in mosb cages.
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SUEMARY

Hormsl growth was obtained on whole milk powder diets containing
10.02 per cent proteins.

Diets contuining 10.02 per cent casein supplemented with 3.66 per
cent yeast protein are adequate for normal growth for the albino rat.

When rolled oats, cooked in a double boiler for 5 minutes at 93.3° C,
and dried in a partial vacuum of 23 inches at 70° C., supply 13.36 per
cent proteins in the diet, growth is not normal.

Normal growth was obtained on diets containing 10.02 per cent
protein when supplied by rolled ocats cooked in a double boiler and fed
moiste |

The biological value of oat proieins is 77 to 82 per cent of whole
milk powder proteins. The oat proteins are of higher autritive value
than the cagein plus yeast proteins.

Diets containing 6C per cent rolled oats, supplying 9.8 per cent
protein, are adequate for normal growth through the third generation.

Reproduction &nd rearing of young was more successful on the
conparative levels of rolled oat diets than on the whole milk'powder or
cagein-yeast diets.

The diets of rolled oats, cooked and fed moisi, were morc palatable
than the rations containing uncooked rolled oats.

Normal reproduction and rearing of younz wece obtained on the diets
containing rolled oats cooked and fed noist.

Second generation females on the rolled ocat diets failed to grow
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as well or rear young as successfully a8 the females of the first angd
third generations.

Cooked and dried rolled oats yielded poorer growth, reproduction
and lactation than either uncooked rolled oates or rolled oats cooked

and Ted moist.
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CONCULSIONS

1. Rolled oat proteins &re of high biologicel value.

2. Rolled oat proteins are adequate for successful growth,
reproduction, and rearing of young.

5. Food consumption plays an important role in rearing of young.

4. Rolled oats cooked end fed moist are more palatable than
either the uncooked or rolled oats cooked and fed dry.

5. Cookiny does not impair the nutritive value of rolled oat
proteing.

6. Rolled oats contain an appreciable amount of Vibtamin E.

7. Diets of comparative levels of protein from rolled ocate are

rzore favorable to reproduction and rearing of young then are the correspond—

ing diets of whole milk powder and casein supplemented with yeast.
8. Yeast supplements casein apprecisbly,
9. The casein-yeast diets conteined an aporecisble amount of

10. GCooking =nd then drying the oatmeal ingures its mutritive value.
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TABLE XVI

COMPQOSITION OF DIETS

Ration No. 3 Rolled Oats 3 Salt Mixture : Butter fat : Dextrin :
125 s 3.0 3 5.7 : 5.0 t 56,5
126 : 40.0 : 8.7 t 5.0 : 5.3
127 : 45.0 : 5.7 : 5.0 :  48.3
128 : 50,0 i BT . 5.0 i 4L5 1
129 : 56.0 : 3.7 : 5.0 : 35,3
130 : 60.0 : 3.% : 5.0 : 31l.5 ¢
151 : 65.0 : 3.7 : 5.0 : 26,3 2
132 s 70,0 : 3.7 : 5.0 t 21.5
133 : 75.0 : 3.7 : 5.0 t 16.3 ¢
134 : 80.0 ;BT : 5.0 : 11.3 s
155 : 85.0 : 37 2 5.0 : 6.3 ¢
136 : 91.8 R : 5.0 : 0.0 :




TABLE XVII

GROWIH ON DIETS CONTAINING PROTEINS FROM WHOLE MILK POVDE

Rations  Source of tProtein tInitial $Gain in 3 tGain pertGain per:
No. ¢ Protein sin food etBody Wt.:1l weekss Total Intake 3§ Intake per :gram of s gram
: ey : ‘ :Tot. for:Tot. fors_ sgren of gain 3 food @ of 3

3 _ 3 5 3 6 rats 1.6 rabs ; Food ;Protein; Food sProteing sProtein :
e csasabOTCONY 3 gm. 3 Eme 3 gm. § Fme 3 EM. 3 LR 3 gme 3 L. 3
105 tWhole milk Powd.t 8.35 1 313 & 432 3 3150 3 265 1 7+29 2 0,61 ¢ 0,14 3 1.64 3
106 3 " " ; 10.02 3 328 & 699 1 4060 & 407 2 5.81 3 0.58 1 0.17 3 1.72 3
07¢ * 00 vos 11,89 5 B28 3 T6L ¢ 3833 s 446 1 5,04 3 0.59 & 0,20 3 L1.70
108 ¢ *© " "oy 13,36 3 331 3 766 1 3845 3 487 ¢ 4.76 3 0.64 ¢ Q.21 ¢ 1l.58 3
109 ¢ Casein t  8.35 3 : : t 324 ¢ 3 : s 1.71 3
s Yeast s 3.66: 337 ;552 : 38823 142 3 T.05 s : t

s Total $ 12,01 H 3 : 466 3 $ 0,83 ¢ 0,14 ¢ 1,18 3

110 : Casein s 10.02 3 : : 2 376 : : i 1.56 3
$ Yeast t 3,663 33 ¢ 387 3 3750 3 187 : 6433 0 : s

s Total t 13.68 ¢ s 3 $ 513 3 : 0.87 ¢ 0.16 3 1,14 @

111 : Casein s 11.69 ; 3 : s 456 ¢ 2 $ s 1l.61 3
s Yoast : 3,663 328 ¢ 734 ¢ 3895 : 143 ¢ 5.31 : : : 1

: Total $ 15,35 % s H § 598 g $ 081 ¢ 0.18 3 1.22 3

112 : Casein : 13,36 3 : : s 567 ¢ s H s 2,31
: s Yeast t 3.66 ¢ 343 3 742 ¢ 4250 3 158 ¢ 5.74 : H H :
t Total s 17.02 ; : H s 723 3 $ 0,97 ¢ 0.17 s 1.02
118%: Rolled Oats 3 s : : : 3 s $ 3 :
s (Cooked & Dricd): : : : : : : s ¢ :
114 " " s 3 : : : : : 3 3 s
1157 » n : s s s : 3 .8 : $ 3
116 3 ¥ " $: 13.36 5§ 321 H 808 : 3136 s 419 g 6417 2 0.82 3 0413 : 1,21 3

# Impossible to obtain accurate food records due to wasting of the ration by the animals.
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TABLE XVII (conte)

Rations  Source of 3Protein tlnitial iGain in 3 sGain periGain per:
No. ¢ Protein sin food tBody Wi.3ll weeas:Total inteke ¢ Intske per sgrem of ¢ gram
3 S $ tTot.for 3Tot. fors_ 4 tgrggfof gein ¢ food 3 of
: ] 2 6. ralp 36 rhis 3 F sProteink . $ Protein s
_ 3 Pereenty gm. 8 gm. 8 W 8 EW. 3 EM. 3 EM. 3 EW. ¢ FW, 3

117 3Rolled Oats T : '
:Cooked & Fed Wet: B.56 8 326 ¢ 431 ¢ 5523 3§ 295 : 8,18 3 0.68 3 0.12 3 1,46
316 B ¢ 10.02 ¢+ 307 s 575 T 4281 ¢ 420 : 7444 1 0,74 3 0,13 3 1.34 ¢
119 5 ¥ " t 11.69 ¢ 310 ¢ G693 ¢ 4457 3 521 ¢ 6,433 0.75: 0,15 ¢ 1.33
1203 ® " : 13,36 ¢ 238 3 750 ¢ 4139 3 553 : 5.67 5 0,76 s 0,18 3 1,32
121 ¢ Roned Oats(Raw) 8.35 ¢ B4l ¢ 383 § 3136 ¢ 262 3 8481 % 0.68 5 0.12 1 1l.46 @
223 " " : 10,02 3 846 1 418 ¢ 3087 ¢ 314 3 7.38 1 Q.75 ¢ 0,13 : 1.33 1
123 ¢ * N "oy 11,68 ¢ 355 3.5B4 3 3550 ¢+ 415 3 6.41 ¢ 0.75 ¢ 0.18 ¢ 1.33 3
24 3 " " "g 13,36 3 352 ¢ 612 ¢ 5478 7 464 3 5,68 ¢ 0.76 ¢ 0,18 1 1l.32 3

40T
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TABLE XVIII
REPRODUCTION AND LACTATION ON DIETS
CONTAINING CQPARATIVE IEVELS OF FROTFINS FROYM WHOLL ¥ILK POVDIR AND ROLLTD OATS
)
o £ =
R B
a e /R T )
&0 ey P}
p 5 & g g 2 B p » 5%
i K=l O o} r= Q e g K Q
2 ® ¥ @ Bom B m o ® Eg' =
5 2.9 33 B % ¥y opi gz
= 4 B < § 2 5§ § 8 % 6~% -2 §
[ Y] +» H O (] (] = ] - O
PR - = = - I [ > > P PE}*’ “ o +
§°hu«¢«”ae—xsﬂk“‘§>v'§w~°*’c’g
zv-oooomgoooo-.-c.c:«ﬁmg
A 0 = +* map&%»—’a =
g o 4 ol 4 1N B4 M & -] i M E— @ -]
@ o ® © © © R A o o o o Tt © o ° B
P u 2% %% 4 % EF %R sspsrogi
&8,;2252';&55;“’ >«p§>g>.’-‘.53
106: 8.35: 8 : 3 :0:1:8314:0: 7: 7: B0 :4.3:%7: 126: B : Tk
106:10_._02:3:5:0;0:5:24.0:18: LIE ‘I5TW Ny
207:11.69: 3 : 4 : 0 :1:6:40:0:26:15 1625 :445:29: 106: 5 : N
108:13936:5:5:0:0:4:20:0: 3317 : 15:4.5:56:133:5:.3,/
109:12.01: 3 : 3 : 0 : 0 : 2 : 5:0:5:0:100:4&:0:.135:5:-7\ )
110:15968:5:5:0:0:4:26:0:19': 7 :73.1 :14.3:28: 133: 5 & = | Lo
111:13.85: 5 : 3:0:0: 43 80: 1322z 7 :76a7 1481262 98:5:]:1\
112:1—7,02:5:4:0:1:7:40:1:55: 6 : B5 :4¢5:42: 105: b ¢ N ‘
113: 8.35: 3: 3:0:0:0: 0:0: 0: 0: ©O0: 0:0: :4:-&;“_‘:\}&_.:__,'-_.;_
174:1Ge02: 3 : 3:0:0:0: 0:0: 0: 0: O 0: 0: 03 &=, ¢
115:11.69: 3 : 3 : 0: 0: 1 : 3:0: 3: 032 100 :4.0: 0: 140:4:-&0"”b
116:15.86: 3 : 3 :0:0:3:16:0:16: 0: 100 :deds O: 19: @ s, °
117: _8.35:5:5:0:0:2:11:0: 0 : 11 : 040 :4e3:36; 140: 6 2~ | o, Lok
118:10.02: & : 3 : 0 : 0: 4z 34 :0: 0334 : 0.0 t444:30: 145: 5 ¢ K A
119:11-69’:3:3:0:0:3:1’1:.0: 0 : 17 : 0.0 :445:86: 140: 5 = ® ot
120:11.56: 3 : 33 0 : 1 : 4:35:0: 03z 3l: 6ol :406:24: 140: 5: o
121: 8.35: 3:3:0:0:2:11:0: &: 5 :54eb 34e4:22: 123: 5 7
122:10.02: 3 : 3: 0 : 0 : 3 : 18 : 0 : 6 : 12 :3343 :45:30: 14:0?.5:"'3,_&‘\,&%N
12%:11.69: 5 : 3 : 0 : 1 :4:24:1: 11 : 13 :45.8 14e5:28: 126: 6 ¢ B .. 5
3 :3:0:0:5z:36:0: 1 : 34 : 249 :4e6:42: 126: 6 : & |

124:11.36:
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PART IIX
THE SUPPLEMERTARY VALUES OF ROLLED OATS WITH WHOLE #ILK AND ¥WITH
CREAH
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INTRODUGTIOR

It is a well known fact that no single articie of food is adequate
to meet the nutritive requirements of an individuel. Even milk, which is
recognized as the most satisfactory single articie of food known, is not
a caaplete food in iteelf when teken over z long pericd of time. There-
fore, for the normsl welli-being and functioning of an organisz it is
essential that the food be selected so as to compensate for the deficiencies
of one article of food by the supplementary values of another. and thus
nake a properly balanced dietary. The oat kernel is known to be deficient
in the fat soluble vitamins certain inorganic comstituentz, and the per
cent of proteln present. And since the greater part of the oat products
consuned by human beings is in the fora of oatweal, the investizations
in this paper are concerned with a study of the supplenentary values of

rolled oats and whole milk and rolled ocats and crean.
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REVIEW OF LITERATURE

Studies have consistently shown that no singie article of food is
adequate for normal well being, when taken over a lonz pericd of time.
leCollum, Simmonds and Pitz(34) observed that the ost kornel was deficisnt
in the fat soluble vitamin A, the inorgsnic constitusnts., ealcium, chlorine
and sodium, and thet the oat proteins were of low biolozice! wvalue.
HeCollum and Simuonds(27) later modified their opinion in regard to the
nutritive value of the oat protein.

#itchel1{47) using a modified Thomas mothod(8®) found that rolled
oat protelns when fed at a five per cent level had & biological vaine of
82. Mattill(56), using the seme method, confirmed the results of Mitchell.
The work in this thesis (Part II) shows that the ost protein when fed at
higher levels contains sufficlent amounts of the essential Amino acids
for normal growth, reproduction and lactation.

In studying the supplementary protein valves in foods,McGoilum,_'
Simaonds snd Parsons\29530:51,52) pound that the proteins of kidney, liver
and muscle were remarkably effective as supplements for the proteins of
rolled oats; that the nitrogenous compounds of the potato enhanced the
biological wvalue of rolled oats to & certain extent; that cereal grains
had little effect in supplementing cach other, while peas hed considerable
supplenenting value with oat proteins. These investigators fed s diet
containing nine per cent of protein, two thirds of which was derived from
rolled oats and onc third from milk powder. This combination of proteins
sppeared to heve a higher value than any other cereal and milk mixture in-

vestigated.
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McCollum, Siamonds and Pitz(54) state that casein does not appear
to supplement the proteins of the ost kerncl in a satisfactory manner.
On comparative protein levels wheat and corn were supplemented to a inuch
greater extent than oats by the addition of casein to the diet. Thes-
invegtigzators also state that gelatin supnlements oat proteins to & much
greatsr extent then CQoes casein. Jsiorne and Mendel(57) observed that
when one fourth of the oat protein was replaced by either cazein or gelatin,
the total percentage of protein remaining constant, the rate of grovth was
markedly increased. Hartwell(zl) states that the addition of food casein,
gluten, gelatin or egz a’bumin to tﬁe oatmeal diet produced better growth
in ‘the suckling yowmg. HMitehel1(58) in the study of the supplementary
relations among proteins was wmable to establish any certain supplementary

relation between gelatin and cat vroteins.
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SOURCE AND PREPARATION OF MATERIALS USED

The source and treatment of materials used in the experiments dis-
cussed in this part are as follows:

Rolled oats. Rolled oats obtained from the Qusker Oats Compeny were
used in all of the experiments. The rolled oats were fed in two different
ways. namely, =3 cooked and mcooked rolled oats. The wmcooked roiled
oats were finely ground and incorporated in the diets. The cooked rolled
oats were prepared in the following manner: rolled oatz, sugar, and sodium
chloride were added to boiling water and cooked for three minutes: then |
the whole milk or cream was added and thoroughly mixed in.

Whole milk. A good quality of whole milk was obtained dzily from
the ‘college dsiry.

Cream. A& good quality of crear was obtained from the college creamery.

Bugar. Cane sugar was obtained from a loecal grocery.

Sociun Chloride. The sodium chloride was ordinary table salt and wes

obtained from a local grocery.

Caleiun Barbonate. The calcimm cerbonate was a C. P. product.

Experimental animals. Rats were used in all the exveriments snd

were obtained from the breeding colony in our own laboratory.
Cages. The cages, 10 x 12 x 24 inches in dimensions, were con-
gtructed of galwvanized iron screen on 2 wooden frame with a removable

screen for the bottom. MNo shavings were used.
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EXPIERIMENTAL

General

Vigorous rats weighing from 50 to 60 grams were employed in the in-
vestigations of the supplementary wvalues of rolled oats and whole miik
and of rolled oats and cream. Prior to being placed on the experimental
diets, the animals had received a growlng ration supplemented with whole
milk, which wes adequate for normel growth, reproduction, and rearing of
young. Usually six rats, three males and threce females, were placed on
each of the experimental diets. The animals were observed every day to
note thelr condition and to suoply adecuate zmounts of food and distille
water. The animsls were weished every seven days.

The investigation is concerned with the supplementary values of
rolled ocats with whole milk and of rolled ozts with cream, with respect
to growth, reproduction, end lactation. In each esse the female was re~
moved to an individusl cage at the first signs of pregmancy. The number
of young born and their weight were recorded. In the study upon laeta-
tion the adequacy of the diet was judzed by the percentage of young reared
and thelr weight at the time of weaning. All of the young born were re-
tained ﬁy the mother.

The growing‘ration of the stock colony. which is adeguate for normal

growth, reproduction, and lactation, was used as the control diet.
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EXPRALUBSES OF «HE SUP. LEaUS€AsX VALUE OF nOLLED UALS
Adiv UHULE akilac

in the expuriments oa tie sup: lementary value of roiled oate und wigle
milx, dlets consisting of 35, 40, 50, &0, and 756 per ceat rollel cabs, the
A:"remainder of the diets being whole milk, were eaployede in addition, a
atudy wus made on diets consisting of zroiled ogts and whole il fed g
liditws , diete ropresenting nomel servings of rolled ocats and whole miik
as perveld ir hotels and restaurants, and rolled cats supplemeated with whole
nilk, suger, sodiuwz chloride, and caloium czrbonstee All of the dleve were-
feod ad 1iditum and food comsugption records were kopt on all of the digle

cengigting entirely of rolled oats and whsle millkke Thg rasnlts of the

experiments wezre glven in Hables axily XXiii, and ZXiV; and $he compssitlon ... ..

of the diets is shown in Tsble XZie

Growth wac below uownul on dicts 137, 138, and 188, contziaing 75, 60,
and 50 per cent of rolled ocats resneciively plus whole milk to 100 »er cente
G.‘k_ze duration of the experiment was three and one half monthse

Tie couposition of diet 140 wac rolled oats 40 ner cent and whale wilk
60 per_cent. Thie dliet was sdeyuate Por sormel growth end reproduction
through the third generaticne The tnree femalos 0f the firsu generstios
produced 10 livters, consisting of 77 youngs Sixty young were rearst,
giving o percentege mortality of 22.1e w0 young were born ceade o8t Of
the young thiat died lived anyroximaiely two dayse ihe zverage age of tho
mothers when they prodused their firet 1i ter was 84 dayse ILho snimels
worp Iept on the diet gseven monthse Ehe tiwres femmles of the gecond
generation contimmed on the dlet for four months--produced sne lissor

eachs Of tho 21 young vorn 20 were reared, giving a percentage
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mortality of 4.8. The average age of the mothers when they produced their
first litters was 119 days. Some of these animals had a rough coat and

lost some hair. They were also somewhat pot bellied. Six litters, con-
sisting of 33 youmg, were produced by the three females of the thiré gen-
eration, during a period of four months. Twenty-six young were reared,
giving a percenitage of mortality of R1L.2. Two litters consisting of seven
younz died within 48 hours after birth. The average age of the mothers
when they produced their first litters was 84 days. The averagze weicht of
the young produced, “»r all generationms on this cdiet, was 4.8 prams at
birth and 35 grams at 28 days of agze.

Growth was normal on diet 141, contzining 35 per cent of roiled oats
and 65 per cent of whole milk. The five females on the diet produced 11

litters, consistinz of 88 young. Forty-two young were resrcd. Twenty-

four young were born dead; and eight young died beceuse of the fact that
the mothers died just after parturition. The perceﬁtage of mortelity was
52.2.

The average age of the aothers when they produced their first litters

was 84 days.

Two females on this diet died shortly after parturition.

- The

time on the diet was seven and one hzl’” months. Twmo of
generation females continued on the diet - produced one
together 15 young.

were reared. Tho averade 8725 ©

o —— ~v
b whon thoy

first litters was 84 days.

and some of it caue osut.

The other female died at parturition.

The animals were also pot bellied.

thc theoce second
litter each, all
All of tre young

cd their

PR e eh e
PN LA

The hair of the second generation was rough,

Each of the

three females of the third generation - couadinucd on the experinment - »ro-
o g

duced one litter, all together 27 youns.

Twenty-five yowng wers reared,
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givinz a percentage of mortality of 7.4. Theo average ege of the mothers
when they produced their first litters was 34 days. The condition of the
third generation vwas decidedly better than thet of the second gensration.
The average weight of the young shortly azfter birth was 4.5 grams, and at
28 days of age was 40 grams for all generstions.

Diet 142 consisted of rolled ocats, whole milk, and distilled water
fed ad libitum. Growth was above normal on this diet for the three pen-
erations studied. The three females of the first generation procduced 11
litters, consisting of 76 yomg. Nine yowmg, constituting the first litter
produced on the diet, died within 48 hours after birth. The remainder of
the 76 young were reared, ziving a percentage of mortelity of 11.3. The
average age of the mothers when they produced their first young was 77
days. The time on the ration was eight months. The three femeles of the
second gzeneration which were ccﬁtinued on the diet produced one 1lltter each.
'Of the 26 young born twenty-five werec reared, giving 3.5 as the per cent
of mortelity. The average age of the mothers when they produced their
first litters was 97 days.. The gzocond gznerstion was continued on the diet
4 months, Two females and four meles of the third generation were kept
on diet 142 three months. The two females produced cne iitter each, s
total of 19 young. All of the young were reared., The average age of the
mothers of the third generation when thelr first litter: were produced
was 75 days.

The yowng produced on diet 142 were atove normal, welghing over five
gramns at birth and averaging 50 grams at 28 days of age. The first gen-
eration males averaged 32 per cent above normal at the end of the second

month on the diet and 25 per cent above norzel at the end of the third
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nonth. The sec&nd and third generations averagzed 47 per cent above normal
at the end of the second month on tho diet and 37 per cent at the end of
the third month. Records of food consumption on this diet show that during
the rapid groving period of the yowng and during the period of pregnancy
the propqrtion of whole milk consumed to rolled oats 1is much grester than
at ahy other period. Charts I and II show the proportion of whole milk

to rolled cats conswmed during the different periods the animals were on
the diet.

Over the period of the experiment the ratio of foods consumed was
28 per cent of rolled oats and 72 per cent of whole milk,

Diet 1435 contained rolled cats 47.1 per cent, whole milk 42.8 per
cent, sodium chloride one per cent, and cane sugar 9.1 per cent. Crowth
on this diet was above normai. The three females on the diet nroduced
six litters of 40 young. All < the youmg were reared. The young averaged
4.5 grams just after birth and 35 grams at 28 days of age. The average
age of the mothers when they produced their first litters was 98 days. The
animels were kept on the diet five months.

Ration 144 contsined one per cent of caleium carbonate and 8.1 per
cent of cane sugar. In other respects it wss the same as diet 143. Growth
on this diet was appreciably above normal. The three males averaged 24
per cent above normal st thé end of the third month an the ration. The
sécond generation made similar growth. The three females of the first
generation éroduced six litters of 44 yowmg. All of the yowng were reared.
The young averaged 5.5 grams the day after birth and 45 grams at 28 days
of age. The average age of the mothers when they produced thelr firat

iitters was 84 days. The first generation was kept on the diet five months.
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The three femasles of the gsecond zeneration - continued on the diet for
three months - produced one litter of young each. All of the younz, 28
in number were resred. The yowmg averaged 5 grams shortly after birth ana
45 grams at 28 days of age. The average age of the mothers when they
produced thelr first young wes 76 days.

An analysis of the proportion of rolied oats, whole milk or cream,
and suger present in a normal serving of rolled oats was made by Dr. C.
S. Miner of the lMiner Laboratories of Chicago. Table ¥X. shows the
composition of what we chose to call a normal serving.

Diet 149 contained roiled ocats 46.03 per cent, whole milk 41.84
per cent, cane sugar 9.76 per cent, and sodium chloride 2.37 per cent.
This percentage of substances represents the normal serving of rolled
oats at hotels and restaurants. The growth of the first and second gen-
erations on this diet was appreciably above normal. At the end of the
third month on the ration the firgt and second generations mrles were 18
per cent above the normal. The third generation was slightly below normal,
but the fourth generation grew at slightly more then the mormal rate.
The three femslesg of the first generation produced twe litters of yowmg
each, consigting of a total of 84 young. All of the young were reared,
The average weight of the young shortly after birth was five grams and at
28 days of age was 50 grams. The average age of the mothers when they
produced their first litters was 100 days. The.duration cf the experi-
ment was five and one half months. The three females of the second gen-
eration - retained.on the diet for three months - produced four itters

of young. Of the 18 youmg born 17 were reared, giving a percentage of
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mortality of 8.5. The young sveraged five grams shortly after birth and
58 grams at 28 days of age. The average asge of the mothers when they first
produced young was 105 days.

Four litters of 18 young were produced by the three females of the
third generation after being maintained on dlet 149 four months. Sixteen
young were reared, ziving a percentage of mortality of 11.l1. During a
pericd of four months three litters of young were produced by the fourth
generation femzles. Thirteen of the 15 young born were reared. The per-
centage of mortality wes 13.3. The average weight at birth of the young
produced by the third and fowrth generation fomales was 4.5 grams and 39
grams at 28 deys of age. The average age of the mothers of the third and
fourth generations when they produced their first young wes 140 end 91

days respectively.
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Chart I
Graph showimg the consumption of whole milk and volled oatls on diel 142
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EXVERIGYERS OF THE SUr LELMNIARY VALUR OF QYLLED O4%: AND CHEAL

in the experimeants on btne supplementary valus of rolled oats and cream
a study was made on diete consisting of 60 per ceat of rolled oats
suprlemonted with cream, salt mixture, and dextrin; rolled oats 46.03 per
cent spurrlemented with oresm, cane susar, and sodimm chloride', represente
ing a normal serving of rolled cate witn cream at resvaurants and hotels;
rolled oate 471 per cent mp,'zlmnted with cream, sugar, sodium chloride,
and calcium carbonstes The results of the experiments are shown in
Tables XXili, and XXIV, and ZFable XXi gives the composition of the diets-l

biev 14B, conmtaining 60 per ceat of rollea osts, 25 per cent of
erosm, R por ceat of .‘—-icconum.‘-a g1t mixture oumber 185, and 1le3 rer
cenb O0f dsxtrin, ié adequate for nommal growthe Tho animals fed on thip
diet gpew apprecisbly above mormals The three females produced four
litters, consisting of 32 youngs Dwenby~-four young wers reared, tho
porcentage of mortality being 240 Bight young died within thkree days after
birthe The average Weight of the young ot birth was 4.5 grems and at 28
daye of age was 34 grama; Ene average age of the mothers when their First
litters were produced was 91 dayse iThe first gzeneration was maintained
on the diet four monthﬁ. three females from the second generation, during
& throo months peﬂéd, produced thres litters of 16 youngs A&ll of the
young were reare d; 2ne yaung%¢ birth aversged Iive grams ausd zt 20 days
of age 40 gramse Lo average age of the wothers waen they produced their
Tirst young was 110 dayse

On diev 146, concai»uing 4:):".1 per ceat of roued.oats, 42+8 per deat

) )
of oream, and 10«1 jer ceaé 0f cane suger - growbi was normale iy
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lltters of young were produced by the three females on the dlet. Of the

38 young born, 20 were reared; this gave a percentage of mortality of 47.4.
The animals became chilled on account of a draft and practically ail
developed marked colds. The young which died were produced during this
period. Eighteen young dled within one week after birth. The average
weilght of the young shortly after birth ras 4.5 zrams and 3C grams at 28
days of age. The average age of the mothers when they produced their

first young was 130 days. The time on the diet was six and one helf months.

Growth was normal or slightly above normel on diet 147, containing.
47.1 per cent of rolled omts, 42.8 per cent of cream, one per cent of
godium chloride, and 3.1 per cent of cane sugar. Two of the three females
on the diet producéd one litter each, a total of 30 young. All of the
young were reared. The average weight of the young at birth and at 28
days of age was five grams and 33 grams respectively. The average ago of
the mothers when they produced their first litters was 91 days. One male
and one femsle on this diet died from lung trouble.

On ration 148, in which the rolled ocats and cream were supplemented
with one per cent of caleium carbonaie and one per cent of sodium chlioride,
the growth of the first and second generation males was 12 per cent above
the normal at the end of the third month. During the six months period of
the experiment, the first generation females produced six littsrs, con-
sisting of 58 young. One young died, giving 1.9 as the percentage of
mortality. Th§ average welght of the young at birth was 5 grams and at 28
days of age 30 grams. The -verage age of the mothers when their first
young were produced was 84 days. The three females of the second genera-

tion produced one litter each, consisting of €1 young. Eight young died
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within five days after birth. The percentage of mortality was 38.1.

Diet 15C containeal cooked rolled oats, cream, sugar, and sodium
chloride in the proportion that is obtained in normal servings of rolied
cats with crean at hotels and restaursnis. The growth of the first,
second, and:}ourth generations on this diet wes aporeciably above the
normal, The third generation did not grow so well; however, their grovwth
curves were normal. During the five and one half months on the diet the
three fémales of the first generation produced seven litters, consisbting
of 52 youmg. Forty-eight young were reared, making the percent of mortality
7.7, Four young died within tﬁree days efter birth. The avzrage weight
of the young at birth was five grams, and at 28 days of age 45 grams. The
average age of the mothers when they produced their first litters was 38

days.

During the three-month period in which the second generation wss
kept on the diet, six litters of 47 young were produced. Thirteen young
- died because their mothers produced no milk. In these cases there wes no
development of the mammary glands. These two females later produced and
reared young. The percentage of morteality wes 46.8. The average weight
of the young at birth and at 28 days of age was 4.5 grams and R6 grams re-
spectively. The three femeles of the third gencration produced three
litters of 19 young. Eighteen young were reared; the percentage of mor-
tality was 5.5. The young averaged 4.5 grams shortly after birth and %9
grans at 28 days of age. Three litters of 16 young were produced by the
fourth generation females continued on the diet. Of the 16 younz born, 14
were reared. The percentage of mortelity was 1R.5. The average weight of

the young at birth was 4.5 grans and at 28 days of age 40 grams.
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LICCUS310T OF niSul®D

Tne moor zrowth on the dist of 2§ par coab of whole milk and 75 per
cent 0f rollsa oats {DLbr 137} is ae to a deficlenay of the 80diwa OF
chlorinz ion ~ or both - 2nd Ho - deficizacy of viiomin Ae ilcCollum,
Simmonds, and Z:iés {35) state that viiamin & 18 oreseat in the oat kKerael
in vory mell amounte. Cuthouse, iacy, Breike, «nd Grohem {64) observed
that 2t legst thyvee cubic cesbimoters of fresh raw cowls milk daily is
roquired to sunply sufficient vitamin & for satisfactory growth im tho
vabe On the zbovo diev conigining 2B por cent of wholé nili and 75 e
cent of rolle: oats the rats oonsumed less than 1.7 cubic cemtimevers of
vhole nilke

Diet 138, conizlning rollet dats 60 per cent und whole millk 40 pex
cent, was inadeguate for growth beceuse of the deficiency of Boﬁinin
chloride; The same is true for the. dlet coubtsiuving 50 per ceat rolled oats -
and £0 ner cent of whole milk. ‘.i‘hie is inrdicated by the fzci that growbi
wus nornol on dleft 143, coubaining 4Tl pexcend 61‘ rolled oats, 428 per
~cent of whole milk, ant one per cest Jf sodium chloride, and 9.1 per cout
0f cane sugore

viet 140 containing 40 per coeul of roiled vats and 60 pexceat of wiwle
xllk, was adequete for novmal groweh and reproduciica but inadequate from
the viewpolut of lacvaltions The name resulbs were oblained with dles fro
141, -onbaining 35 rer ceat of rolled oats and 66 pex cent of whole milke
The ilnadeguacy of diots 140 gad 141 For lacietion was probably due to a

dofloisacy of sodium cnloride.
The rais fod diet 142, containing rolled oais, wnole mlli, sné dis-

tilled water gd _1libituwn , grew considerzbly ébove normals Ine young proe




SRl

128

duced through the fourth generation were above normal end extremely
vigorous. Reproduction and lactation were normal on this diet. During
the rapid growing period and during the period of prcgnancy a much higher
ratio of whole miik to rolled ocats was consumed. This would indicate thet
the appetite and instinets of the rat a2id in the selection of food.

Diet 145, containing 60 per cent of rolled éats, 25 per cent of
cream, 5.7 per cent of salt mixture; and 11.3 ver cent of dextrin, pro-
duced growth greater than the normal rate. The growth in the second gen-
eration was better than that of the first generation. Results of repro-
duction and lactation were normal. This diet contsined 9.6 per cent of
rolled oat proteins. These results are further proof that the oat protein
is of a high biological value.

The resluts on diets 146, 147. and 148, containing 47.1 per cent of
rolled osts and 4%.8 per cent of creaﬁ indicate that there is e slight
deficiency of calcium at this level of rolled oats. This is indicated by the
increase in growth observed on the addition of caleium carbonste. However,
normal growth was obtained without the addition of calclum carksnate.

Growth. reproduction, and lactation were very good on diets 149 and
150; representing the normal servings of rolled osts with milk and with
cream. Growth for the first and second generationz was 18 per cent above
normal on the milk diet and 16 per cent above the normal rate on the
cream diet. The growth of the third and fourth generations was appre-
clably better on the rolled oat-cream diets than on the rolled oat and
whole milk diet. Reproduction on the rolled oat and cream diet was betbzr
than that on the whole milk and rolled oat diet. The aversge size of the

litters on the crean diet was seven as compared to five on the whole milk
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¢let. There w28 practically no difference from the standpoint of lzcta-
tion, which was approximately normal in each case. The protein content

of the rolled oat and crean diet was 7.38 per cent. In the rollcd oat
and whole milk diet, the rolled oats suoplied proteins to the extent of
7.36 per cent of the diet, and the milk supplied protoins to the extent of
1.54 per cent of the diet. Records of food consumption were not kept on

diets 149 and 150.
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SUMIARY AND CONCLUSIONS

1, Diets composed of 75 per cent of rolled oats and 25 per cent of
whole milk are deficient in sodium chloride and vitamin A.

2. Diets containing S0 per cent of rolled oats and 50 per cent of
whole milk are deficient in sodium chloride.

3., Rolled oats 40 per cent and whole milk 62 per cent constitute =
diet which is adequate for normal growth and reproduction but not adequate
for normal lactation.

4. Rolled oats and whole milk fed ad 1ibitum zive better than normal
results for growth, reproduction, and resring of young. The ratio of the
foods consumed was 23 per cent of rolled oats and 72 per cent of whole milk.

5. Appetite and instincts of the rat aid in the selection of food.

6. Holled oats present in a diet to the extent of 47.1 per cent and
suppiemented with 42.8 per cent of cream supply sufficient calcium, vitamins,
and protein for normal growth, reproduction, and lactation.

7. Rolled oats with whoie nilk and rolled omts with cream together
with sugzar aud sodiuu chloride in the ﬁroportion consuned by humanbeings

constitute a complete food for growth, reproduction, and lactation.
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TAELE XX

WITH GRi:AM OR MILK

sProteiniCelcium:s Iron sPhogphorusiCaloricss Fat

;. gum. 3 gm. . gWe 3 gn, 3 3.
Oats 33 gme : S5.51 :0.0228 :0.001254: 0G.1283 ¢ 132 : 2.3%8:
Sugar 7 gu. : : : $ ¢ 28 2
Milk 30 gma s 0.89 :0.036 :0.000072: 0.0286 3 20 3 1l.20:
Crean 30 gm. : 0.75 :0.0256 :0.000066: 0.0201 B0 : 5.55%
Cream Total : 6.06 :0.0484 :0.001520:‘0.1494 : 220 : B8.98:
Hilk Total : 6.30 :0.058¢ :0.001326: 0.1568 : 180 : 3.58:
Daily requiremeat
for man 2 75.00 :0.67 :0.015 3 l.44 : 3600  :50.00:

Cream Mixture——p , , '

daily reg.forman : 8.0 : 7.2 ¢ 8.8 3 10.4 : 7.0 :17.9 s
Milk Hixture——%

daily req. for mon : 8.4 3 8.7 s 8.8 : 10,8 t 6.0 3 7.2 s

Average cream mixture — percent of

Average milk mixture -~ percent of

daily requirement G.7.

deily requiremedt 8.3,

-
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TABLE XXI

COMPOSITION OF DIETS

:

RationsRolled: Wl?.ole sCream: NaCl : CaClp: Cane: Salt :DextrinsGrowths
t Oatg 3 Milk 3 : : sBugarsmixiure 3 H
137 :75. 285 s H : s : : : =
138 :60 340 : : : s 5 H T = ¢
139 80 ¢50 : : H : : : i T 3
140 240 | 360 H s : : : : : N
141 355 :65 3 : : 3 : : : B
142 :4d libs.Adlib : : 5 s : s s N& ¢
143 147‘1' 342.8 @ : 1.0 : : 9.1 3 : : Ne
144 471 542.8 & ¢ 1.0 1.0 : 8. : : Ne
145 :60 : 325 12 :--~ . : 3.7 3 1l.3 3 Ne
146 :47.1 $42.8 : : 210.1 ¢ s ¢ N
147 :47.1 :42.8 : l0 ¢ : 9.1 ¢ : : N @
148 347.1 $42.8 3 1.0 ¢ 1,0 3 8.1 : ¢ s N 3
143 :46.03 :41.34 : ¢ R.37¢ : 9.76s : : Re
150 246.03 3 341.84: 2,37; s 9.76: 3 : Ne
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TABLE XXIII

REPRODUGTION AND LACTATION ON DIETS OF ROLLLD OATS

SUPPLEMENTED WITH WHOLF WILK AND WLTH CREAM

Ration:No.of1tNo. of sNo.of:Ho. of tNo. of tTotaltNo.ofsNo. of: %
No imales sfemalesimeles:femalesilitterssyoungiyoungiyoung smorta-tyoung ats on

tdve it. slionthss

.
.

ot on ¢ on 3died & died 3 shborn :died sreared: lity 34 weeks trations
trationsration 3 3 H H H H $ : :
IIgéT GENERATION
143 ¢ 3 : 3 : 0 ¢ O 3 6 t 40 $ 0 :140 : 0.0¢ 35 t 5 @
144 ¢ 3 s 3 : 0 ¢ 0 :1 6 t 44 : 0 3 44 $ 0.0 3 45 s 5 :
145: 3 -3 ¢ 0 3 O P 4 t 32 ¢8 $24 25 : 34 t 4
146 ¢ 3 : 3 : 0 1 O 1 B 138 18 : 20 & 47.4: B0 : 6% s
147 ¢+ 3 ¢ 3 s 1 1 1 4 s 30 0 ¢ 30 s 0.0 33 : b :
148 ¢+ 3 : 3 3 O 3. 0O i.B 3 55 ¢ 31 £ 52 3 1.2 : 30 : 6 ¢
SECOND GINIRATION
144 3 3 33 3 : 0 ¢ O : 3 $1 233 ¢ Q0 288 ¢ C.0: 45 1 3 s
145 ¢ 3 ] i 0 ¢+ O s 2 : 16 0 s 16 : 0.0 40 : 3 3
148 3 3. 3. B i 0 3 0 23 : 2} 8 213 3 38,1 : B0 s 4 ¢

12728




TABLE XXIV

REPRODUCTION AND LACTATION ON DIETS RFPRESENTING NORMAL SERVINGS

RationsNo. of
Ho. 3 males

OF ROLLED OATS WITH WHOLE MILX AND ROLLED OATS WITH CREAW

tNo. of :No.of:No. of :No. of t1Total:No.of:No. of: ®

tAve. Wta.sllonthss

tfemalesimalessfenclesilitberssyoungsyoungiyoung smorta-iyoung &t:i on

£ on ¢ on :died 3 died : tborn tdied sreareds lity : 4 wks. :tration:

sration sration g H H H H : t : 3 z

FIRST GINERATION _

149: 3 ¢ 3 s 0 + O ¢ B :3 3 O : 34 300 s 5  : 55 3

150 ¢ 3 3z 3 3 O : © 3 7...3.52 3 4 3 48 s 7,7 3 45 s 55 ¢
SECOND GENERATION

149 : 3 ¢ 3 1 0 ¢ O i3 4 18 ¢ 1 s 17 : 5.5 ¢ B8 : 3 :

150 ¢ 3 ¢ B _: O : O 3B 3 47 22 3 25 346.¢ z 26 $+ 3 :
THIRD GENERATION

149 ¢ 3 : 3 3+ 0 : O s 4 8183 3 2 ¢ 16 1l1l.1 ¢ 40 t 4 H

150 3 3 3 s 0 : © ¢ B3 219 s 1 2 18 s 5.3 3 39 ¢ 53
FOUATH GENERATION

49 ¢ 2 ¢ 4 = 0 ¢ O : & 16 ¢ 2 13 :13.3 : 38 s 4 s

150 ¢ 3 3 3 s Q s O 2 3 318 s 2 ¢+ 14 312.5 & 40 y 4 :

eeT
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