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vitamins, Similar experiments have shown the necessity of cer~
tain minerals in the diet and have modified our mmptian as
to the necessity of proteins, carbohydrates and fats., Certain
recent conceptions regarding the sccepted dietary requirements
are sumarized in the following paragraphs. ‘
Vitamin A. Vitamin A is necessary for normal g
reproduction. Deficlency of thls factor in the dlet Yesults in
~ keratinigation of the epithellal tissues, 4 secondary infection
often develops In the eye. This dlsesse of the eys 1s called
Xerophthalmia, Prolonged deficlency of vitamin A cmises fallure
of ovulation in the fomule and testicular degeneration in the
male. This male sterility is temporary while male sterility due
to a lack of vitamin E is permanent. Recent work indicates that
nerve degenerstion is charscterdstiec of vitamin A defleiency.
Certaln animals are sbls to convert carotene into Vitamin
4. The suggestion has been made that the vitamin is an aleohollo
derivative of carotene with sbout one half the molecular weight
of the ecarotene moleculs, Highly active soncentrates of the
‘vitemin have been obtained in at least three different labora=

tories, using different sources as starting materials, These
preparations are sc simlilar that we may assume they contaln the
v:ltamin'in a fairly high state of purity.

Vitamin B, Barly investlgators assigned the name vitamin B
to what is now known as the B complex. What was formerly conside
ered the vitemin has now bean shown to contaln two fastors,
Suggestions in the ourrent literature indieate that theses may
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each contain two factors themselves. This would subdivide the
original B camplex into four factors. The two factors admitted=~
1y present in the B complex are vitamin B (B,) and vitamin ¢
{Ba). American workers use the temms B and 6 while the BEnglish
workers use the temms By and Bg. The heat labile, appetite
stimulating and antineuritic factor is called vitemin B (By).
The heat stable, growth promoting end pellagra preventative
factor 1s called & (Bg).

Resent work has shown that vitamin G (Bg) probably cone
sists of two factors., One factor iz a growth promoting flavin
while the second factor protects against pellagra. Other
workers have suggested that the B complex contalinsg an addie
tional facbor called By. This factor 1s prepared from concen=
trates of vitamin By snd is absent from alkali-gutoelaved
marmite., 1t 1a heat lablle in alkaline solution. The physiolog=~
fcal effect of B, 1s similar to that of B, and meny workervs say
these two factors are identlcal. The designation By hea been
applled to varlous factors reported present in the B complex.
Conclusive svidence of thelr existence 1s lacking.

Deficieney of vitamin B {B,) resulis In a disesse called
beri berl in man and polyneuriils in animals, These dlscases
are characteriged by nerve degeneration, fallure of reprodus~
tion and lactation, loss of appetite and loss of btonlelty of
the digestive traet. Deficlency ©f vitemin G (Bg) results in
Pfallure of growth and bhe development of skin lesions, This
disease i1s called pellagra.
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Yitemin C. In the absence of this witamin sourvy develops
in man, monkey and the guinea pig. Rats, birds and dogs elther
do not need the vltamin or are sble to synthesize it, This
vitamin has been synthesized in various lsboratories and 1s
obtainable from pha:%aaamtziﬁal houges. Reocent work indicates
that vitamin ¢ is essential for proper bone development and the
maintenance of the testh.

?ikamin Dy This vitemin 13 sssential for the proper
' development of bones and teeth. In its absence a sorrect ratio
of calolum to phosphorus must be malntained to prevent the
disease called rickets, The mechanism by which the vitemin

- . enables the body to correctly utilize the calelum and phoaphorus,

even when their relative amounts in the dlet are not optimm, is
‘not yet clear. The vitamin is produced in snimals by exposure
to ultraviolet light. The lrradiation of ergosterol produces
auin D, The sctive material oan be separsted fram this
irradiated ergosterol and erystalligzed to fomm a more economi=
cal source of the vitamin then cod llver oll, Recent work has
shown that cholssberol can be treated with sulfuric acid in
the presence of a dehydrating agent to produce a subsbance
‘which possesses a higher curative actlion upon riskets in
ehickens than an equal amount of irradlated ergosterol.
Vitamin E. This factor is called the snti~gterility vitamin,
In its absenece the female resorba the foetl before the young
cone to term and the male becomes permanently sterile due to
degeneration of the geminal epithelimm, Defleieney of this
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vitamin in the diet of the lactating mother results in the
development of a peculiar type of paralysis in the suckling

- young., This paralysis ls especially noticeable in tha posterior
extremitiea and develops during the third or fourth week of
lagtation. o

Vitemin F, Recent work suggests that mormal reproductive
funotion requires certain uwnsaturated fatty aclds in addition
to vitamin E. Pat free diets do not pemlt reproduction and 1if
saturated fats sre incorporated Iinto such diets they still fall
to pemmit reproduction. When certain unseturated aclds are
added to these dlets, the anlmgls are able to vepreduce but
lactatlion is still below nommal.,

Vitamin G. This vitamin was discussed under the head of
vitamin B.

Minerals. The mineral requirements of the animsl have not
been completely esteblished. The literature is contradictory
or inconclusive In many instances. General agreement exists

at present that certain elements are essential in the diet,
These elements are hydrogen, pobassimm, sodium, magnesium,
caloiwn, copper, iron, carbon, niltrogen, oxysgen, sulfur,
phosphoms, c¢hlorine and lodine, Purther investigation will
undoubtedly show that other elements are essential. The extreme
diffieulty of preparing dlets free from the element to be
tested and the difficulty of obtaining the required element

in the pure state both contribute to the slowness of progress
in this fleld of investigation,



Pats, Fats provide an exeellent source of energy for the
animal, During normal metebolism the glycerol of the fet mole~
cule may be converted into glucose to augment the aupyiy‘ of
carbohydrate. It 1s still an open questlion as to whether the
fatty acids are ever converted into carbohydrate. Some inves~-
tigators maintsin that fat 1s not an indispensable MMmt
of the diet. Recent work indicates that certain unsaturated
fatty aclds sre essential and must be ineluded in the dlet,

~ Qarbohydrates. Carbohydrates provide another souree of
eﬁsrgy for the body. It is true that the glycerol portion of
the fat molecule may be converted into gluecose, but the absolute
exolusion of carbobydrates from the dlet results in the im=
proper metabolism of fats with an attendant ketosis. ?hia has
been attributed to the flooding of the metabolic mill with fat
to & point where the organism is unable to handle this source
of energy.

Proteins, Proteins constitute the most expensive portion
of the diet of the animal. For this reason proteins must be
selected with care because different proteins are often very
different in thelr dletary vslue., Higher animals ape unable to
synthegize certaln essentisl amino acids which are present in
the protein moleoule and proteins should be seleoted on the
basis of their contemnt of such amino aecids. Proteins can be
converted into carbohydrates or fats but sconomic conasiderations

preclude thelr use for auch purposes.



REVIEW OF LITERATURE

The literature concerning nutrition is entirely too
voluminous for a complete review in this paper. Ho effort has
been made to present en exhanstive review of the literature
concerned with reproduection and lactation., Only the literature
which has a direct bearing on the study reported in this paper
will be mentioned. Certain books may prove helpful in obteining
e goneral view of thes subject. The reeder is referred to "The
Newer Knowledge of Nutrition®, by E. V. MeCollum and Nina
Simmonds (34), "The Vitamina®, by H. C. Shermen and S, L. Smith
(63) end "The Vitamins®, a symposiwm, reprinted by the American
Hedical Assoclation for Mesd Johnson and gompany of Evensville,
Indiena, and distributed by this company (41).

Satisfactory reproduction in animels 1s of lmmense practli~
cal and economle Importance. Previous to 1922 many workers bad
been unable to obtsln satlisfactery reproduction on diets of
purified foods. Evans and co-~workers (1927)(15) had observed
sterility due to the fﬂﬁm of the nommal development of the
fostus in the female and of the gmm,femg epithelisl cells
of the male rat when meintalned on a diet of the following
compositions casein 18%, corn starch 549, lard 159, utter
fat 99, salts (MoCollum) 4% and Brewer *a yeast (Harris)

Qed = 0,6 grams per rat per day. Closer examination of the fem=
ale revealed that the oestrus cycle was nomal, conceptlon and
implantation proceeded as usual but that on the sixteenth day
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of gestation the foetl dled and were resorbed. The sterility
in the female was btemporary and could be overcome by feeding
vitamin E. Sterility in the male was permanent and proeceded
in four stages. Filrst, there 1s a nommal amount of sperm but
loss of fertillising power.
- of sperm. Third, there ls loss of the power to form the vag=-
inal plug. Fourth, there is complete loss of all sex interest,
Further investigetion by these workers proved that in=-
oreasing the smount or quslity of protein, earbohydrate or
of vitemins 4, B, C or D did not bring better results, Feed=
ing lettuce, wheait, wheat germ, meat or oats correctsd the
difficulty end permitted nommal reproduction, They designated
the unknown consbtituent fﬁ@tcr X, Sure (1924)(68, 65) using
mlilk proteln diets corroborated the existence ‘of the vitamin
and Mattill and Stome (1983}(40) accepbed the lack of vitamin
E as an explsnation of their failure to obtaln satisfactory
reproduction on milk diets, Sure (1924)(69) proposed the name
vitamin B and contributed mueh valuable informstlon (70, 71,
T2y 73, 75) converning its properties and distribution. COther

Second, there is a complete loss

workers aceepted vitamin E as the neme of the new factor,
Hogan end Harshaw (1924)({24) reported that they had obtained
fourth generation rats without any known source of vitamin E
in the diet unless butter fat contalned the vlitemin, These
inveatigators later (1926)(25) edmitted the existence of the
vitanin and verified Evanas ' results on the characteristics of
male snd female sterility in its absence, Kennedy (19263(30)
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found that vitamin E wes essemtial for normal reproduction.

Kelson and co-workers (1l923)(50) reported rearing third
generation young on dlets in which vitamins B and G were sup~
plied by 5% of yeast. This dlet contained no known source of
vitamin E and although the rats in the second and third genera-
tion 4ld not grow normally the trouble was nolt in Mpmﬁtmmm.
Anderegg (1924)(3) weported normmal growth and reproduction with

diets containing whole milk as the only source of protein and

vitamins, His problem was one of lactation and he considered it
unnecessary to assume a reproductive vitsmin, Nelson and co~
workers (1925)(51) obtained better reproduction and lactation
on dlets econtalning cene molasses as the sole source of vitamin
B than they hed previously obtalned with diets in which yeast
supplied the vitemin, The molasses dlet contained no known
source of vitamin E. |

Anderegg and Nelson {1925){4) repeated and verified the
work of Mattill and Stone with diets ineluding whole milk powder
and lard. These dlets resulted in sterility but removal of the
lard gave nommal reproduction., Anderegg and Nelson (1925)(4)
next supplemented skim milk with 5% of butter fat or 5% of cod
liver oll to make 1t comparzble to whols milk, 3terility result~
ed on these diets but when they were supplemented with 8% of
extracted wheat embryo or 54 of air dried yeast the dlets
pemitted reproduction for one generastion only.

Anderegg and Nelson (1926)(5) noticed that when they in=
corporated cod liver oil into the akim milk dlet iIn ki}.égmm



lots that a very pungent and penetrating odor resulted which
was suggestive of acrolein, This decompositlon did not occur if
wheat embryo oll was also added, They further noted that the
decomposition was prevented by the sddition of water or alechol.
When 107 of water was added and the diet allowed to stand for
sevoral months the absence of the odor indleated that no decom=
position had taken place, Fourth generation animals were reared
on skim milk diets if 5% of water was added and the ecod liver
oll was fed dally, The authors dld not deny the existence of a
vitamin for reproductlion but thelr date dld not prove the neces~
sity for such a vitamin, Nelson and co-workers (1926)(53) found
that rats would tolerate a high percentage of butter fat but
would not reproduce on diets sentalning a high percentage of
lard., They noted that 127 of yeast gave better results than 59
of yeast and concluded that the limiting factor for reproduce~
tion and lactation was vitamin B, Mattill and co-workers
(1924, 1926)(38, 39) repested the experiments of Nelson and
Anderege using 504 of whole milk powder with no additional fat.
They verified the results of these investligators and further
showed that when 154 of fat was added to such a dlet the animals
were sterile., They suggested that high fat dlets might increase
the need for vitamin E and made the further suggestlion thati
butter fat contained vitemin E.

Evans and co~workers (15) reported sterllity in enimals
fod diets containing 22¢ of lard and 24 of cod liver oll, They



stated that cod liver oll was free of vitamin E. In thelr

work they had used oils purchased from Mead Johnson and company,
end from the wholesale druggists, Coffin and Redington, am’*.
Langley and Michaela, both of &m Prancisco, More recently

they had used an oll purchased from E. L. Patch and compeny
which contalined no vitamin H, Sure (1927)(76) used cod liver
0il purchased from the Sea Pure Products sompany, of Partlanﬁg
Maine. He reported that cod liver oll contained no vitamin E,
Helson and co-workers (1927, 1928, 1930)(52, 54, 82) had used
Squibbs cod 11‘?@1} oil and had been unable to show that it wes |
free of vitamin E. These workers showed that the oll decomposed
when mixed with the diet and allowed to stand for long perlods
and that 1t decomposed in the presence of the high ;;smen,téaa
of lard used in the dlets employed by Evans. These workers
further found that Squibbs ¢od liver oll was superlor to tutter
fat as a source of the fat scluble vitamina, They suggested
that the difficulty axpemamadby other investigators was due
to the decomposition of the 0ll as deacribed above.

During this perlod many investigators were attempting t»:o(
determine the existense or the non-exlistence of vitemin E Iin
different foods. Sure (1927)(77} reported that 104 of butter
fat gave contimaous fertility but did not approximate the po~
tency of wheat oil in vitamin E. Simmonds, Becker and McCollum
{1928)(64) reported that vitemin E was present in the cod liver
0ll and the lard they had used. They used cod liver oll obbtained
from Head Johnson and compeny and found that diets contalning
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227 of lard and 29, 37 or 47 of cod liver oll gave better
fortility than diets containing 227 of lard and either 5% or
104 of butter fat. Wilkinson (1930}(83) investigated the
effeot of lard on various diets, He unsed a diet contalning
easein 189, extracted wheat embryo 104, salts (185) 3.7%,
Squibbs eod liver oll 54 and enough dextrin to make up wa%.,

He showed theat reproduction was nommel if the eed uve;_:r oil
was mixed into the dlet daily. He now modiflied the dlet replac-
ing 15¢ of the dextrin with 15¢ of lard, If he mixed the cod
liver oil into this new diet in kilogram lots the animals 4id
not reproduce, He modified his teshnlque and mixed the cod
liver o0il into the dilet forty elight hours before use. In this
experiment three females produced five litters and two of the
females died at parturition. The mortality of the young was 10074,
The next modification of technigue involved the mixing of the
cod liver oil into the diet dally, In this experiment four
females each produced four littera but lactation was poor. A
further nodification of the dlet involved the replscement of
the lard with laxd which had been sutoclaved for one hour at
fifteen pounds pressure. The cod liver oll was mixed into this
diet in kilogram lots,,(n this diet three femsles each had two
litters, one female had one litter and snother female had threse
litters. Two females dled in perturition after having two lit~
ters. The mortality of the young wss 8674. Evans (1832)(14)
reported that lerd contained a certaln subatance, or substances,
which inactivated the vitamin E in wheat germ.
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Recent work by Mabttlill my serve to reconcile the dlver-~
gent views concerning the presence or absence of vitm E.in
different foods. 3&%113; inveatigated 'im» suggestion of
Greenbank and Holm (1924)(20) that water vapor retarded the
autowoxidation of butter fat., He found (1927)(37) thet cod liver
0il was more readily suto-~oxidized than butter fat, He believed
thet butter fat contalned vitamin E which would pemlt nomael
reproduction 1f properly protected. He found that oxidative
changes which scocompany rancidity in mnsaturated animel fats
tended to destroy vitamins A and E, This oxldative action was

delayed by the presence of hyaml groups and wheat oll ocon~
tained more of these groups than lard, cod liver oil or butter.
This might explain the protection of the vitemin in wheat oil.
Evans {1932)(14) reported a private communication from Mattill
which stated that Squibbs cod liver oil is the least prone to
oxidative changes, Cumnings end Mattlll (1930)(8) found that
cod liver oll was most susceptable to oxidation, while lard was
second and butter w&a third. A combination of mixed fats would
influence the suto=-oxidlzability of the mixture, Lard and ood
liver oll would thms be a combination very susceptable to des~
| trugtion of vitamin E by oxidatlon, They further stated that
our knowledge of the sources of vitamin E was relative and not
absolute and the efficlency of a glven sourse depended on the
suto-oxidizable materials and snti-oxidents assoclated with it,
Oleott and Mabttlll (1831)(55) obtained a orystallines sntli-
oxidant from lettuce. They considered that this was };Mr that
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to eontinuous reproduction. King and Stotsenburg (1915}{‘53)
reported that the rat showed no restricted breeding season but
thet under similar environmental eanditima other than temper-~
ature more litters were pr&dueed‘ in the spring and a\z’bt‘amm
These investigators cobserved a seasonal variation in sex ratm
but no seasonsl variation in 1itter sipe, Hogan and Harshaw |
{1924)(24) reported that fower litters were born in their col~
ony during the winter and that a proportionately smaller mumber
was reared. The nmumber reared varied between 137 and 91%. They
made no mention of controlléd conditions, Hanson and Sholes
(192431(23} reported that they maintained uniform laborstory
conditions, The temperature rarely reached the extremes of
fifteen and twenty seven degrees centigrade and the laborxatory
" was well ventilated. There was no socasonal statistleal varia=-
tion in birth waight; litter size or sex ratio. In the spring
the birth .waig*hi; was actually higheat and the sex ratio waas
actually the loweat while the sex ratio was actually the high=
est in.the winter. These variations did not require a correc=
- tion factor on experimental data, | |

Hanson and Heys (1924)(22) reported seasonal variation
in the growth of females under uniform lsboratory conditions,
Females born in the fall months showed the greateat mean body
welght at all ages while those born 1n the m@tv showed the
lowest mean body welght., King (1924)(31) reported a seasonsl
variation in litter production of the less domesticated Norway
strain of rats. More litters were born during spring and swmmer
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than during aubtumn and winter. The fewest lltters were bom
during the autumn monthsg, She found that the physical condition
and age of the female were the most lmportant fsctors for 1lite
ter production., Strain bhecame a factor when it involved degree
of domestlcity. Smlth and Bing (1928)(67) working in Hendel's
laboratory at Yale, reported that rats born in winter grew at
a slightly slower rate than the colony curves bubt were well
within the limits of the standard deviation of the colony.
These Investigators sbated that temperature, lmmidity, light
and sanitation ﬁere of the ubmost luportence. These factors
were carefully contrelled in thelr laboratory. Orent and
MeColluwm {1931)(56) stated that five experimental rabs on a
manganege free diet dled during the summer of 1830, They
attributed the deaths to the heat because thirty one of the
stoek rats died during one hot night of that summer. Bills and
co=workers (19313(6) veported no seasonal variation in fertility.
Biilﬁ*‘labcratory was very carefully controlled. He used rata
of the inbred Wisconsin varisty ag used by MeCollum and
Steenbock, He kept the rabts in metal cages and bedded them In
sterile shavings, The temperature was held between twenty and
twenty Pive degrees centigrade throughout the year. The breeders
were selected by welght from young weaned each weesk so that the
8ge avefage of the pasrents was consbant,.

The literabure concerning the vitamin B couplex and the
subsequent recognition of the non-~ldentlty of the various

factors present in this complex has been reviewed in meny



papers, Four of these papers are mentioned because they are
rather significant or complete. Mitchell (1919)(42) reviewed
the early phases of thls work. Lewis {(1933)(33) and 3imonnet
Aw@mmwﬁmm‘ 66) presented adequate reviews of subsequent work,

Various investigators have suggested that satlsfactory
lactation required increased amounts of the vitamin B complex.
Adair (1925)(1l) presented a review of the literature concerning
humans and laboratory animals and concluded that the vitamin
content of the milk depended upon the vitamins ingested., Sure
(19243 (70) suggested that the regquirements for the vitamin B
complex in lsctation were much mmmwwm# then for growth, Sure
- {19283)(78, 78) made & quantitetive study of the requirements
for the vitamin B complex in lactation and concluded that three
times the amount of yessi necessary for growth was reguired by
the wﬁwwmawﬁm mothers. He stated that the lactatlng mother was
about 404 effielent, By feeding a portion of the yeast directly
to the young he could rear them with a smaller yeast supplement.
Nelson and co-workers (1526)(53) used yeast as the sole source
of the vitemin B complex and reported that three to five times
as much yeast was required for lactation as for growth,

Later investigations concerned the two known factors of
the vitamin B complex., Sure and Wallter (1931)(81) studied the
lactation requirements for the vitamin B of the B complex. They
restricted the food intake and kept everything constant except
the vitamin B. Rearing of young was unsuccesaful with amall
emounts of vitamin B but was successful with larger smounts of



the vitemin. They concluded that vitemin B was essentisl for
lactatlion. Sure (1928)(80) reported that the vitamln ¢ require=-
ment was three times greater for lactation than for growth and
that the vitamin B requirement was alsc greater for lactation
than for growth., Hussemenn and Hetler (1931)(29) reported that
lactation inoreased the requirements for both vitamins B and ¢
but they considered vitamin @ the more important. Moore and co-
workera (1932)(43) studlied first and second litters of mothers
ralsed on diets contalning both vitamins B and G. They concluded
that another factor was required for mmsam lactation, They
suggested that thls was probably Readerts (658, 59) vitamin Bg.
Feaster (1934){18) reported that normal lactation required six
times the amount of both vitaming B and & required for nommsal
growth, |

No specific factor has been accepted as essential for
lactation, It was pointed out sbove that considerable amounts
of vitamins B and G were required and that contamination of the
preparations of vitamin B with Readert's vitanmin B, may account
for its significance in lactatlon, Nakahava snd co~workers
{1034} (49) ¢laimed Lo have found such a factor in beef liver.
They called 1t factor L. This factor was present in the non=
sdsorbate fraction of fresh beel liver which had been treated
with aecidiflied aleohol and white acld earth. The basal dlet of
Nakahara (1933}(47) conslsted of polished rice 75 grams, fish
protein 1¢ grams, buitter 5 grams, salts (185) 5 grams and
dried yeast 5 grams, On thls diet growth wes nommal but mortallty
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source of vitamin @ for growth, They found that 307 of Manitoba
wheat was insufficlent while 507 of Menltoba wheat gave excellent
growth and 507 of English whest gave normal growth, Taylor (1930)
{(82) found that wheat did not contain sufficient vitemin ¢ for
lactation, Diets eontaining 73% of whesat showed 574 mortality,
This high mortality was reduced by feeding yeast or sutoclaved

| yeoast, Feaster (1934)(18) reported a mortality of 557 on diets:
contalning 30% of wheat. The addition of 5% of yeast reduced the
mortality to 17% while the addition of 104 of yeast reduced the
mortality to 13%. The addition of 10% of eutoslaved yeast gave

a 179 mortality., He conecluded that vitamin G was the limiting
factor faf lactation on dlets esontaining wheat, since 607 of
whesat did not contaln encugh vitamin ¢ to permit satisfactory
lactation,

Oshorne and Mendel (1930)(57) fed dried slfalfa as the sole
source of vitamins B end G, They fed one half of one gram per
rat per day. This amount represented from 54 to 9% of the total
dlet. Excellent growth resulted and they concluded that alfalfa
was an excellent sourse of the vitamin B complex, Hunt and
Krausa (1931}(28) studied the Influence of the dlst of the cow
on the vitamin B and G content of the milk, They found that
pasture feed produced a mllk of higher vitamin G content than
dried feed. The conbent of vitamin B in the milk was not af=
fected. They suggested that vitamin G was synthesized when the
plant was growing vigorously. Douglass (1932)(11l) reported that

there was a progressive Incresse in the vitamin B complex from
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the bud to the one half bloom stage. The first cutting of
alfalfa was riehest in vitamin B and contsined twice as muoch
as the third cutting, Douglass and co~workers (1933)(12) re-
ported that from four tenths to five tenths of a gram of
freshly cured alfalfe wes required to supply sufficlent vita=-
min B for growth while thirty five hundredths of s gram fup-
nished sufficlent vitemin G for growth, This indleated that
alfalfa was & better source of vitamin G then of vitamin B,
suglass stated further that such fsctors as rain, tims of
harvest, season, curing methods and the age of the plant affected
the content of vitamin B. The content of vitamin G was less
variable. | |
Richardson (1916)(60) reported that normal growth and
lactation were obtalned on diets containing 454 of aatmﬁ #aaed
meal supplemented by 174 of whole milk powder., These dlets con-
tained 104 of starch and 287 of lard. Hunt (1932)(27) stated
that cotton seed meal was & good socurce of the vitamin B com=
plex for ‘the rat snd that 204 was optimum. He found that repro-

duetion was abnormal because gossypol was present, He further
stated that 757 of the gossypol was removed in the commercial
preparation of the cotton seed meal, Munsell and so~workers
{1933)(486) stated that dlets containing 307 of cotton 'sa:a& flour
were not toxle to rats when fed for a period of six months, They
compared the content of the flour in vliteming B and G to the viﬁn
smin content of yeast. Teking the values of yeast to equal one
hxmdm& in sach of these vitaming they found that the value
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Statement of the Problem

Different investigators have reported varying results in
experiments using ced liver oll as a socurce of vitamin E, It
was the originel purpose of the author to Investigate different
brands of cod liver oil which had been used in these laboratories
and determine their relative potency In vitamin E, During the
progress of thils work it became apparent that dlfferences were
so slight in certain eases that other factors became the dstere
minants. The same dlet fed at different seasons of the year or
fed during the same season in different years would feil to give
identical results in studles of reproduction or of lactation,
This led to an investigation of the entire stock colony of our
laboratory to determine whether seasonal variations were
important.

Other investigations in progress In our laboratory indicated
that the dlet fed to our stoek colony might be Improved, This
diet, hereafter referred to as the growlng ration or as dlet 47,
congists of varlous natural foods. My problem now expanded to
include a study of the potency of certaln of these natural foods
in vitamins B and G and a further Investigation of the wvalue of
these foods for lactation,



eparation of Meterials

Casein was used ss a source of pmtem in these feeding
experiments, Commerclal casein was purchased from the Wilkinge
Anderson company of Chicago, Illinois, This casein was purified
by washing with distilled water acidified with scetic acid. The
" washing was done in battery jars and the water was changed daily
for t;hi'es weeks, Thls washed casein was dried at a temperature

of eighty five degrees centigrade, |

Dextrin,

Commercial eorn starch was obtained from the Penick and
Ford company ai’ Gadar Rapids, Iowa, The atarch véas worked into
a stiff paste with thirty seven hundredths per cent eitric acid
solution., This paste was sutoclaved at fifteen pounds pressure
. for two and one half hours and then dried at eighty five degrees

centigrade.

Salt Mixture 185, |
MoCollum and Simmonds (35) salt mixture 185, fortified with

two grams of potassium lodide per three and one half kilograms
of mit mixture, was fed at a level of 3.7¢ throughout these
experiments,

Yeast.,
Dried yeast, purchased from the Fleishman Yeast company,

was employed as & source of water soluble vitamins,
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dutoclaved Yemst.

| Dried yeast was molstened with enough distilled water to
form a thick paste. The paste was plsced in glass erystallizing
dishes in layers sbout one inch deep and asutoclaved at fifteen
pounds pressure for five hours., The product was dried at
eighty five degrees centigrade and used to supply vitamin G
in certain experiments.

g@ atter Fak.
Gﬁllége butter was melted in four liter beakers. The water

and curd settled to the bottom of the beskers and the fat was
filtered through folded filter papers,

Cod Liver Oil, | .
Semples of various cod liver olls used in thls work were

s0ld under the following names: Squibbs, Sea Pure, Des Molnes
Drug Co., Parke Davis, Fuller-Norrisom, Eli-Lilly, Meads,
¥arden~Wilde, These oils were kept in a cool room in the

basement when not in use,

Wheat Germ.
| The wheat germ was & very clean product obtained from
Washburn and Crosby. |

Extrocted Wheat BEmbryo.

¥heat germ was extracted with anhydrons ether in s large
continuous extractor for periods ranging between forty elight and
slxty hours, The ether siphoned about every hour, The extracted
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product contained less than 0.3% of ether soluble material.

Alfalfea,

The alfalfs used was a specisl shipment from the Allied
HMills and was obtained from thelr Omeha plant., The product was
. described as & finely ground leaf meal of tho first and second
cutting. It was Immature and was artificially érﬁ.ﬁﬁ,‘ The

pmﬁein content was 19.3%.

The product used was obtained from the Atlantic Coaat

Fisherles and was called Ateo fish meel, It was prepared from
haddock and contained 65.4% protein.

ng@: ‘
The tankage was obtained from Swift and Co. and was called
Swiftts 607 protein tenkage.

;@eat, Lingeed 01l Meal, Cotton Seed Meal and Butter Milk Powder.

These were commercial products obtained on the local market,
The protein content of the linseed oil meal was 36.3¢. The cotton
seed meal contained 429 protein and the butter milk powder
contalned 31,84 protein,

Rice Poli;:h;___ing Se
Rice pollishings wers obitained from the Arkensas Rice
Growers Corp. Assof., Stuttgert, Arkensas.
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Vitemln B, from Rice Polishings,
The extraction of the vitamin was carried out in twelve

liter battery Jars. Four kiiagrama of rice polishlings were
pleced in each of four battery Jars. Ten liters of 954 aloohol
eontaining 5§ ml. of glacial acetie acid were added to the first
Jare. The mixture was stirred eight or ten times per day and
allowed to stand over ﬁight. The alcchol from this jar was
siphoned into the second jar and enough more alecohol added to
make the volume equivalent to that originally present in the
first jar. New 957 alcohol was placed in the first jar to make
up the volume Qriginaliy present, The same plan was followed
until the alcohol from the first Jar had been transferred
successively to jars 2, 3 and 4. The alcohol from the last jer
was siphoned off and filtered and the residue from the jar was
sucked dry on a buchner funnel., This process provided for washing
each residue with four portions of sleohol, After the four
washings the reszidue was discarded., The volume of the flltrate
from each Jar smounted to approximstely seven liters.

The filtrate was concentrated to approximately 700 ml.
under reduced pressure and at a temperature below Lifty degrees
centigrade. One liter of distilled water was added and the volume
again reduced to 700 ml, A layer of oily materlal separsated sl
this point and was removed in a separatory funnel, The remaining
aquéaus layer was treated with a 209 solution of neutrsl lead |
acetate to the point of maximum precipitation and allowed to
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stand for six hours. The mixture waa filtered and the residue
washed with 100 ml. of water. A 209 sclution of sulfuric acid
was added to precipitate the lead and the mixture was made
faintly acid to congo red with 207 sulfuric acid or 107 sodium
hydroxide, Seventy grams of fuller'ts earth were added to the
mixture which was stirred at intervals for three hours, During
this time the mixture became more alkaline and acid was added
to maintain approximately the same acidity as shown by eongo red.
The fuller?s earth carrying the adsorbed vitamin B was flltered
off, alr dried, and finally dried in a vacuum deslccator over
calcium chloride. Thils material was used wherever vitamin B 1s
indlcated in the experimental work.

Hog Liver.
Hog liver was used for the preparation of the vitamin G

concenbrate., The liver was obtainsd on the local market and
was worked up as soon as possible after 1% had arrived fronm the

packers.

Vitanmin G from Hog Liver.

One kilogram of finely ground hog liver was stirred into
2000 ml, of bollimg water, The mixture was heated to boiling
and the boiling was continued for three minmates. The filtration
was sceompllished on a Buchner fumnnel and the residue was washed
with 500 ml. of hot water, The filtrate was concentrated to
150 ml, under reduced pressure and 850 ml. of sbsclute alcohol
were added, The precipltate was filtered off and dissoclved in



water, This water solution was drlied on enough dextrin to make
one grem of dextrin equivalent to siz grams of hog liver and the
product was fed wherever G {(liver) is indicated in the experi-

mental work.

Care of Animals

Reproduction Studies with Cod Liver Oils.

Vigorous young rats four to five weeks of age and weighing
between forty five and fifty five grams were placed ln cages
12% x 24" x 10" in groups of six or seven animsls., Shavings were
used for litter. Three females and three males were used in the
groups econtaining six rats while four females and three males
were used In the groups contalning seven rats., The animals were
welghed every two weeks, Pregnant females were left in the cage
with the other rats and the young were removed at blrth except
in cases where lsctatlon was belng studled. When lactation was
studied the female was removed to a separate cage for delivery
of the young and returned to the original cage afier weaning the
young,

Dlets were mixed dally to avoid any loss of vitaminsg in
the olls studied, Tap water was evailable at all times from
bottles squipped with bent glass bubes.
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Lactation Studles wlth Cod Liver Oils.

Pemesles in advanced pregnancy were removed to separate
cages where they remained untll the young were weaned at the
age of thirty days. After the young were weaned the female
was returned to the cage from which she had been taksn originally.

Lectation Studies with Grains.

Pregnent females from the stoeck colony were placed in
individual ocages and wﬁw the experimental dilet from the day of
parturition until the young were weaned at twenty eight days of
age. Fomsles anmi litlefs were ,w@@w on wire screena, These two
mesh to the inch false screen bottoms were placed over the pans
containing shavinga, The wide mesh permitted the young to fall
through the sereens during the first week of life. To avoid
this difficulty galvanized iron pans 6" x 8" x 1" were filled
with shavings and placed on the screens, These pans served as
nests for the young during the first week and were then removed.
Food and water were avallable to the animals at all times

Presentatlon of Dats

ds The Vitamin E Content of Cod Liver Olls,
Elght different brands of cod llver oll were used in thils

investigation, Vigorous young rats welghing between forlty flve
and flfty five grams were placed on the dlet iIn groups of six

or seven. The number of females in each group was never less
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Table I

Reproduction on diets contalning eod liver oil
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. In order %o fa&ilitata conparison of these variocus oils,
the information in table I 1s further condensed in table II.
Tablec II shows the arrangement of the various oils in the
order of their content of vitamin B,

Table II
Summary of reproduction on cod liver oll dlets

T Number: i PFemales ¢ romales
. , ] of 1 Young 3 ¢t  dled ab
Name of oll - : fomales: borm & ] y ¢ parturitlion
Squlbbs H 60 + 834 11 H 6
Meads : % 28 ¢ 144 s 8 : 1
Parke Davis H 35 1 260 1 10 H 1
BEli-Lilly St 30 ¢ 169 4 H 5
Puller-dorrison 34 ¢ 137 & $ 1
Deg Moines Drug ¢ 45 1 113 3 1o H 8
Sea Pure 2 44 ¢ ‘145 ¢ 18 3 2
3 26 s 15 1@ 2 3 0

Marden-Wilde

Squibbs cod liver oll heeds the list and is in a class
by itself. The next class Includes Meads and Parke Davis olls
which are of approximately the same potency. The Fli-Lilly
oll is inferior to the brands mentioned above and superlor
to those mentioned below. The fourth class includes Puller=-
Horrison, Des loines Drug and Sea Pure oils, The fifth class
includes Merden-Wilde cod liver oil., This oil shows the lowest
content of vitamin because it permlits practlcally no
r@préduatian. In the light of recent investigations, it is
interesting to note that this particular brand of oll was
shipped to us in a metal contalnsr and that withdrawal of the
o1l was sccompanied by withdrawal of oxides of iron. This may
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account for sn oxidative destruotion of the vitamin in the
contalner, ;

ghout thils investigation it was apparemt that the
differences between experiments using the different olls and
between experiments using different levels of the same oil
were often small, while differences between duplicate experi-

ments were often sompavatively large. The author sought some
figure to make comparisons more obvious., No claim is made as
to the statistical validity of the figure chosen. The calou~
lation wes made becanse it proved useful, The fact that the
females were on the dlet for varying lengths of time was taken
into consideratlon in this caleulation as shown in the sxample
below.

The figure selected for comparlson wes obtained by dividing
the total number of young born to all females on a given dlet
by the number of months these females had been fed this
particular diet, The gquotlient represents the number of young
per female per month on the dlet. This caleulation is illustrated
for dlet 43. Four females were fed this dlet., One female dled
at the end of four months while the other three females were
continied on the dlet for five months. The mumber representing
females x months 1s thus seen to be 5+6+5+4 = 10, The total
number of young born ell females on this diet was 6,

Young/females x months = __ T = Ig_ = 0,32 = Index,
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The figure thus obtained is ealled the index, 3Simllar esl-

culations gave an index for each diet containing ecod liver oil.

These are summarized in table
groups the olls Into the same
tebles I and 11,

II1I and show that this method
classes that were suggested In

Table III
Young per female per month on dlets containing cod liver oll
T 4 ¢ IT A

Hame of oll 3o0ll: Index :3: Name of oll toils: Index
Squibbs t 1 ¢ 0.2¢ 13: Puller-Morrison 3 1 ¢ 0.00
Squibbs $ 2 ¢t 1,37 23:% Puller-Horrigson : 2 : 0.19
Squibbs $ 3 3 1,86 13:3: Fuller~Morrison t§ 3 1 0.83
Scuibbs $t 4 3 2,43 $:1: Puller-Norrison : 4 3 0,30
Squibbs $ 5 3 2433 31t Fuller-Horrison 1 § g 0.90
3quibbe 110 3 216 313
foads 2 1 & 0.00 t:t Des Wolnes Drug t L & 0.00
Meads t B3 2,32 13:3 Des Moines Dmg 31 2 1 0,29
Meads $ 3 3 043 1:3: Des Molnes Drug ¢ 3 3 1,15
Heads t 41 1,80 s3:: Des Molnes Drug ¢ 4 ¢ 0.78
Papite Davi 4 3 Oget 3s o Pure T 13 Do 00
Parke Davis : 2 ¢ 1.10 2:: Sea Pure t 2 3% 0,82
Parke Davis 3$ 3 1t 0,70 3:: Sea Pure $ 3 1 0.28
Parke Davis 31 4 1t 2.27 4:: Sea Pure 1 4 3 024
Parke Davis 1t 5 1 0.88 331t Sea Pure $ 5 3 0,91

333 868 Pure 3110 ¢ 1,05
BI-UTy T 1t 0.46 t:: Harden~Wi t 1 ¢ 0,00
Eli-1illy $ 2 32 0,34 333 xsrdaa~wi1éa t 2 3 0.00
Eli-Lilly t 3t 24,83 t:: MHarden~Wilde t 3 ¢ 0.19
Eli-Iilly 1t 43 0,19 1:1: Harden~Wilde t 4 2 0.00
Eli-1illy 8 6 3 1,06 3::: Marden-Wilde 1 53 0,14

Some investigstors have
notably deficient in vitamin

stated that cod liver oil was
E while butter fat contained

appreciable quantlities of this vitamin, Experiments designed
to check the accuracy of this statement are swmarized in
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table IV, Diet 41 i1s included for comparison, This diet is ashown
in table I. It contained 57 of Squibbs sod liver oll, Diet 47
i1s also inecluded for comparison, It is the dlet fed to our
stock colony. Diets 43 and 44 contsined butter fat, The investi=
gation had already shown that 1% of Squibbs cod liver oil was
not suﬁfiaiaaﬁ for normal reproductlion, It might be argued that
the deficiency of witamin A was the reason for this failure,
Diet 43 contained 0,87 Squibbs cod liver oll, casein 18%, salt
mixture (185) 3,74, yeast 12%, butter fat 5¢ and the balance to
100% of dextrin, Diet 44 was ldentloal with diet 43 exeept that
it contalned only 0.1% Squibbs cod liver oil. Both dlets contained
smple amounts of vitamin A.

It seemed wise to atudy other sources of the vitamln B
complex, Diet 45 was identical with dlet 41 except that the
127 of yeast in diet 41 was replaced by 127 of extracted vheat
embryo. Diet 46 was identical with diet 41 except that the yeast
in dlet 41 was replaced by 127 of natural wheat embryo in diet 46,

Table IV

Gomparisons of reproductlion on diets eontalning cod
liver 311 and butter fat and on diets containing
yeast, wheat embryo or extracted wheat embryo.

3 T 4 8 T Ext, 1Unext,:Nouber (Mobihs3 t 4
Diet: - $BUTTER: whsaﬁ swheat 1 of ¢ on :Youngi8quibbs
Ho.tIndex; fat :Yeastsembryosembryoifemalea; dlet s borns oll
41 3 2,333 s 12 s : s 17 3+ 8 :$287: B
43 ¢ 0,32¢ b6 : 12 3 1 H 4 3 B &t 68 1 Q.8
44 2 0,008 5 s 123 ) ] 4 ¢+ 5 1 0131 0.
45 3 3.821 t t 12 3 H 7 ¢+ 10 1237 s 5
46 3 1,97: t ] s 12 3 ¢ 10 ¢ 88 s B
47 3 4,903 3 $ ! g 15 ¢ 12 : 768
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Results shown in tsble IV certainly prove that 5% of tutter
fat is of practieally no value from the standpoint of reproduc=-
tion. Thess results further show that dlet 46 contalning
natursl whest embryo is superior to diets 43 and 44 containing
yoeast and bubter fat, but inferior to diet 41 containing 5% of
Squibbs cod liver oll, Diet 45 contalning extracted wheat embryo
is decldedly better than dlets 41, 43, 44 or 46, Dlet 47 was
obvicusly the best of the group. The composition of diet 47 ia
shown in table ¥V,

Table V
Composition of dleb 47

s 3 %‘by $ fg
Parts : Weights t ?eg__m__z_&@&

-

Component 3 Parts :
Yellow corn $ 4 2 43,375 1 3448 s 37,56
Gaﬁﬁl%matg T 4 2 40,625 3 34.8 3 35.8
Alfalfa T 01 1 54437 1 8.7 1 4.9
Wheat 3 1 3 10,887 3 847 1 0.25
Dried butter milk powder 3 1/2 3 3,000 § 4,35 1 2.6
Tankage 1 1/2 1 8,937 1 4.35 3 6.0
Iinsesd oil meal 2 1/2 3 5,568 3 4,35 3 4,482

In order to determine whether females had become permanently
sterile, Individual snimals from certain groups were fed new
diets for a period of three months, Information concerning all
these changes of dlet 1s summarized in table XXIV, The results
obbained in some of these experiments are mentioned here becsuse
i:m seem especlally significant.

Diet 43 contained 5% of butter fat., Pour females on this
diet hsd produced one litter of siz young in five months, The
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female glving birth to this 1itter had died after four months
on the dlet. The remaining three females were fed dlet 47, It
has been previously mentioned that dlet 47 1s used for the malin~
tensnce of our stock colony. On this new diet esach of the three
females produnced ons litter each in the three months during
which the experiment was continued. Diet 44 gontaining 57 of
butter fat failed to permit four females to produce sny young
in a period of five months, When these four females were fed
diet 47 for three months, two of them gave bilrth to three litters
totaling twenty one young. Diet 7 contained 1% of Des Moines
Drug eod liver oll., Five females maintained on this dlet for
ten months falled to give birih to any young. These females were
fed diet 47 for three months. During this perlod three of the
five females each gave blrth to one litter, The total mumber of
young was twenty nine, Diet 17 contained 17 of ?ulifswcrmam
cod liver oil, Four females maintained on this diet hed failed :
to glve birth to any young in ten mﬁm. One female h&r& diéﬁ at
‘the end of seven months, When diet 47 was fed to the remaining
three females for three months, they produced three litters or

a total of twenty five young. Diet 35 contained 37 of Meads cod
liver oil, Three females were fed this diet for five months and
produced no young. During thls period two of the femalea had dlied,
The remaining female was fed dlet 42 contalning 104 of Squibbs
cod liver oll for three months and gave birth to three litters
totalling fiftesn young. In each case where changes of dlet were
made, all animals remaining on the experiment were transferred



to the new dlet, The abllity %o reproduce shows that both males
and females were fertile when fed the new dlet. )

In reviewing the work concerned with diets 1 to 47 inclusive,
“the most remarkable finding was the evlident superiocrity of diet 45
 which contained extracted wheat embryo. This dlet permitted better
| reprodnctim than any other diet axcept the one used for our
stock colony. The extracted wheat embryo had been treated with
ether for a period ranging from forty eight to sixty hours as
descrlbed previously, The extracted material contained less than
O 3% of ether soluble mat;ﬁriél.: This seme Improvement in repro-
duction was noted by Taylor {(1930)(82) in this laboratory when
he fed extracted wheat embryo ldenticsl with that used by the

author,

rather marked variations were mi;aﬂ between duplicate experis
ments carried out during different seasons of the seme Year
and during the same seeson in @iffémt years. In order to
gheek ﬁhe technique dupllieate experiments were performed Ly
different individuals but simllar differences were still noted.

In order to determine whether the same veriastions would appeayr
with normal snimals on a normal diet, an investigation of repro=
ductlion in our stock oolony was undertaken, This mvagtigatim
wes complicated by vardiations in the mumber of stock animals
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famales were removed., During November of 1930 ten more pregnant
females were removed. In December of 1930 fifty six additional
fmﬁl&a were removed for experiment. In April of 1931 the old
females of the stock colony were agaln replaced with young fem=
ales. These changes in the stook w}.my certainly altered the
apparent fertility of the group. "me suthor lnows of no way Iin
which a proper correctlon can be asppllied to take care of these
changes. It wlll be noted that the vaﬁatmm in reproduction
and lactation bear no c¢lose relationship m the#a changes in
the colony and tha oxiastence of geasonal variation 1s astill
miaus. Table VI 1s self explanatory and shows that the number
of young per fmie per month varled fram 0,22 to 2,06 while
the mortality of the young varied from 3.6% to 64.3%. This record
was not garried beyond 1932 but during the summer of 1934 the
intense heat threatened the destruetion of our entire stock
colony, The colony was saved by the Installation of an aire
eanéitiamg sysbem, \'rhe system of sir-conditioning reduced the
temperature of the laboratory but the mmidity 1s high when the
" fans are sucking the alr through a water spray. It is impossible
to reduce both temperaturs and midity and msintaln unifomrm
conditions at the present tﬂme*’v

The results of this investigation go far toward explaining
variations In dupliecate sxperiments using vaerious cod liver oils.
A contimation of this study over a perlod of years should prove
helpful in the interpretation of the reaults of experiments,.
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Table VI
Reproduction and lasctation in our stock eolony.
Seasonal variation. |

1 Total t ¥ Avg, 1 : 1 "3 Young
1o, of 3 t slze zibung@iﬁun@ s xnrt- t per
Honth *fammgzmwem: itter: born , Lty sfemale

Dee, 3 470 1 66 : 7.0 3 465 3 271 1 41.7 3 0.99
Jan, 3 470 1 104 1 6,8 t Tl & 467 t 34,5 3 1,51
Fob. 1 470 ¢ 82 1 6,5 3 535 3 3IBY 3 27,3 s ld4
Maroh ¢ 380 3 84 3 7.5 3 636 1+ 425 1 35.2, t 1.99
April ¢ 290 ¢ 47 ¢ 8,0 3 375 1 308 1 18,0 & 1,30
May 31 340 3 Bl 3 8.0 3 408 3 316 ¢ 22,5 3 l.80
June ¢ 260 3§ T2 3 V.4 gt 536 1 490 3 B.6 1 2,06
July 1 260 2 40 3 6,9 31 877 ¢ 267 3 3.6 3 1.06
August 31 300 ¢ B0 1 6,3 ¢ 3183 ¢+ 200 ¢t 7.5 : 1l.04
Sept, t 580 3 98 s 6,9 2 672 : 597 3 1l.1 1 1l.16
Qotober: 580 ¢ 59 3 6,2 3 366 1 308 1 16,0 1 0.28
Rov. $t 580 3 B8l 3 6,01 384 ¢ 273 35 23,0 1 0,61
Deec, $ 440 ¢ 17 5.% é P98 ¢ 35 1 64,3 1 0.22
Jem. 3 500 3 85 t 6,45: 540 1 268 31 51.2 3 l.10
Feb, t 4656 3 78 3 6,7 3 503 ¢ 249 ¢ 50,0 13 l.18
Marohh : 456 § 83 3§ 5.7 ¢t 558 ¢ 248 1 55,0 § 1.20
April ¢ 460 3 28 3 6.5 1 181 1 144 3 20,4 3 0,34
May 3 483 ¢ 20 3 7,01t 141 3+ 84 t 40.4 3 0.29
June § 465 31 52 1 6.4 2 350 3 172 31 47,9 & 0,7
July ¢ 465 3 50 ¢t 7.1 ¢t 3553 257 ¢ 27.6 3 0,72
August 3 4658 3 34 1§ 5.7 3 195 ¢ 145 3 25,6 3 0.40
Sept, 3 465 : 92 1 6.4 3 585 1t 444 1 24,1 3 1l.25
Cotobers 465 : 78 1 6,133 478 ¢+ 351 ¢ 26.6 1 1.02
Nov., 3 485 ¢ 91 1 6,173 8562 ¢+ 368 3 34,0 3 1.20
Det, t 465 3 89 Gg:sg% 565 3+ 335 ¢+ 40,1 : 1l.20
Jan. ¢ 465 3 112 1 6,38t Y1l 3 363 3 48.9 1 1.52
Feb. 1 485 1 131 1 6,423 842 3 552 1 34,4 1 1.81
Mareh ¢t 485 3 T8 1 7.0 1t 524 ¢ 332 1t 36,6 t 1.26
April & 465 3 9B 31 6.9 3 671 s 535 3 80,3 1 l.41
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3 _Cod Liver 0il Diets for Lactation,

Mothers were pemitted to raise thelr young on certain of
the dlets containing cod liver oil. All dlets used for this
purpose have been diseussed in connection with table I or
table IV, Reproduction on dliets 10 to 41 inclusive was summarized
in teble I while reproduction on diets 45 and 46 wes summarized -
in table IV, It has been pointed out that reproduction was lower
when lactation was pemmitted because the mothers were placed in
aaparaﬁe cages ﬁhere they nnrseﬁ the yanng for thirﬁy dasa.

Lectation studies are sammarize& in table VI, The mort-
ality and the weaning weights give figures which csn be used to
Judge the success of lactation. |

Table VII
Lactation on diets containing eod liver olls

~ 3 iWumber t WMonths 3§ Total § Average i lotal 3 %
Dlet: 4 ¢ of :t  on 1 3aung H ﬁning 3 young @ Mort-
ﬂalteil:remalea:laatatianz 3wk, Gms,: gganaﬁ t ality
x4l 3 5 s 9 : 4 s 153 s 47 3 130 ¢ 18,2
%40 3 4 3 6 s 4 : 108 3 45 3 76 2 87.3
X359 + 33 5 ¢ 4 : 81 ¢ 49 s+ 64 3 19,7
X338 : 23 4 4 s 63 3 48 t 43 3 31.7
10t 4 2 3 3 T 28 : 44 s 17 : 40.0
16 ¢ 4 3 4 H 4 H 85 ¢ 36 H 26 s 58,7
24 1 3¢ 4 13 3 1 35 1 38 s 10 3 7l.4
3034t 1 13 3 s 19 ¢ 4% H 3 3 B4.2
28 &+ 2 3 2 4 : i3 s 40 3 4 t 77.7
35 s 4+ 1 2 s 1 3 H 8 s 47.0
®456 ¢+ 5 ¢ 7 ¢ 4 1 154 1 44 t 107 3 30.5
246 3 53 8 3 4 3 50 3 45 g§ 17 z 6648

& Denotes Squibbs cod liver oil,
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to synthetic diets to pemit satlsfactory lactatiom,

4, The Supplementary ¥alue of the Growing Ration for
Reproduction and ILactation,

The ammpéaitian of the growing ration or dlet 47 was shown
in table Y. The consistent superiority of this dlet for repro=
duction and lactation suggested that small amounts of this
mixture of natural foods might supplement synthetie dlets in
some way which would permit good reproduction and lactation.
Results of experiments designed to test this theory are shown
in teble VIII,

Table VIIX

Reprodnction and lactation on diets
supplemented by the growing ration.

B oF TFumber iWonthat 3 tAverage ¢ %
Diets dlet 47 ¢+ of ¢ on tYoung:iYoung :wesning & Mort~
_No.t added :femaless dlet : borniweasnediwt, Oms.: ality

50 2 3 3 : 12 0 O3 H
51 3 § + 3 s 15 3 013 (1 ]
52 12 10 H 3 : 15 C 0 s t
. B3 15 3+ & s 15 : 21 3 0 3 100,0
54 3 20 3 & ¢ 15 3 88 s 33 28 t 98,0
55 25 t s+ 15 ¢ 88 % 19 ¢ 530 ] 76.0
57 5 13 3 s 15 : 913 55 13 45 3 40,0
58 3 7 ¢+ 3 ¢ 156 @ T3 Tls 44 1 6.6
59 3 95 3 6 ¢ 16 3 207 ¢ 171 3 47 H 17.4
60 3 100 s 14 s 10 1 358 ¢ 281 : 41 3 21.5
61 3 95 3 3 : 10 s 112 3 86 3 41 $ 3.0
62 3 21 s 2 3+ 10 ¢ 37 3 30 3 55 3 19.0
63 3 100 3 3 1 10 104 3+ B4 3 B3 1 38.0
$ 100 z 3 3 10 3 80 3 64 3 Bl 3 20,0

Dieta 50 to 58 inclusive all contained casein 18%, salt
mixture (185) 3.7%, butter fat 54 and different amounts of
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dlet 47 with the balance %0 1007 mede up with dextrim. The
emounts of dlet 47 ave shown in colwm two of table VIIL, Diets
59, 61, 62, 63 and 64 were slight modifications of the original
diet 47. Diet 59 contained 5% of butter fat. Dlet 61 contalned
5% of Squibbs cod liver oil. Diet 62 contained 5% of fish meal.
Diet 83 was supplemented by fish meal ad. 1ib, The fish meal was
fed in a separate feed cup. The tanksge in diet 47 was replaced
by an equal amount of fish meal to make diet 64.

Three females and three males, welghing between forty fg.Ve
and £ifty five grems, were placed in each group and maintained
on the diet for five montha. Femsles in advenced stages of
pregnancy were removed to separate cages and allowed to ralse
- thelr young. After weaning the young, the female was returned
to the ceage containing the other vatas of her original group.

The results shown in table VIII reveal that success in
lactation varies directly with the amount of the growing ration
included in the dlet. Bulter fat improves the growing ration.
Fish meal contributes some factor which permiis the rearing of
larger young.

Sy lsctation on Diets wherein Individuasl Components of the
Growing Reation Supplement Wheat.
Previous work in this laboratory (21) had shown that
purified diets supplemented with 404 of whest had falled %o

pemlt proper lactation, In thils previocus work young animels
had been placed on the selected diet at the time of weaning and
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twenty elghth day. The results of the investigation are shown
in table X. The mortality and the weaning welghts serve as

measures of success in lactation.

Table X
Lactation on dlets supplementing wheab

T Wumber ¢ 3 : T Average

Diet ¢+ of ¢ Young ¢ Young ¢ ;4 $ weaning welight
No. t females t born 3 wesned : mortallty : at 28 days
75 1 12 3 70 & 43 H 388 13 36.0

76 3 ] 3 B4 1 32 3 640 3 ’&8;9

Tt s 11 ¢+ 87 3 64 3 4,5 1 8143

8 3 6 H 36 3 33 s B3 H 36.1

79 s 6 3 36 1 33 1 B7 3 35,7

80 3 6 3 35 31 1 % 48,6 3 30.2

8l 1 86 1 35 1 11 s 70,0 1 48,9

82 1 8 3 35 35 3 0.0 t 4345
83 3 6 3 34 3 32 3 640 3 59,8

It was stated above that experiments using dleta 75 and
77 were duplicated. This accounts for the number of females
being incressed on these two dlets.

The summary in bable X shows that tankage is detrimental
rather than beneficlal as a supplement to the wheat dleb. All
othercadded components improve the whest diet for lactation.
The author attaches no significance to variations in mortality
of less than 107. Individual differences in the animals may
account for lavger variations in morbtality. It is significant
when six different femsles are able to wean all their young on
a glven dlet. The mortality was 0.0% on diet 82 which contained
10% of fish meal, Diet 77 contained 209 of butter milk powder



guonodwod yore Jo sefeguecasd quexeJITy Sururesuocd B36Td *UOTL
~gonh 81Ul Jemeuw o pousTd sBa squewgaedyo JO ROTIO® ¥ *H16TD
porsrand eyy Jo sjusuwerddns oseyy Jo uoee £q gxed up peyrddns
gBM JO308J TETIUOSES oWee ouy JOUJOUM J0 *I0308Y qUeIOJITP
¥ peurvluee uorged Surmodd e Jo squoeuwodmoo Lxwyuewerddns eoyg
OTTUR UOTFBIOBY JOF J0908F SUO UTBIUOO JUTTW JBOUR ISUISUM O3 BB
uopqsond B TTTGR SBA 9T *0 DUB § SUIWULTA JO odxnos Lrequewetddne
eTos ouy 5v syweuodmoo eseyy Jo yove ogedyyseaur o3 TEOTSor
peumes 37 *uorgsd Bupaox? ey Jo saucwmodmoo suotasa snpd qusum
ua e peguemeTddne odok P3eTP USNS uweym poaosdwy SeM 810TD
PotJIand Uo WOTYBI0BY U3 POMOUE 0A0Qs pogarodea MIoM OUL
“WOT39409L 403 D DUY @ SULGORIA
J6 wooinog 88 UOTIUY DUTROID OUY JO GIUSUOUNDY [SNDTATDGL  °9

*neTp STy} uo axeyzowm Jo Junok ug

pPoqoun UeqJo §BA UBep IJurpecexd BTEATBABL ‘D DU g SUTWRITA
JO 90an0s 970§ OU3 FBA JUOUM UOTUM UT QL 39TP 'UO STOWIUs 5
W@mﬁg@w SEOUSTOAXSY JUTTWIS ¥ *Surupes Jo 948D U3 od03eq
Trea petp Bunof o JO SPITUY oaq jeowWT® &ouls ‘quBtem Supusssm
W8Ty o3 03 S3un0ooe ATpelquOpUn T8 30TP Uo A3TTsadom USTH
oty *yaeep Surpecead stslreaed Jo 9qwq8 B UT UeqJo saem Humok
o pus Sunol pur SISYIOW JO OTFSTISLUBIBYD FBA SSSUSTOAISU
swoIy¥d *Bumol ouyy o8 LOWTIOWOR DUB S0P OUL JO OTA3IT LIea
e3s ‘I8 pus 08 ©307p 'olBwqiusq Surulejucs S30TP UO SISURON *ofe
8IS 38 wmgh TemIoOn By odow ATaBIopTSucd poydres yoTus Bunock
wmwm ATTeroodso weos 01 OTUY OIOM 967D S UO EOTRURY DUB



w BG -

ware fed to femanles from our stoeck colony from the day of
parturition until the young were weaned, These dlets contalned
casein 187, Squibbs cod liver oil 4%, salt mixture (185) 3,74,
varying percenteges of the added components and the balance

to 1004 of dextrin. The levels selected wsre 104, 25%, 40%
and 604 for each gomponent used. Six females were used on each
dlet and litters containing more than six young were reduced
to six. The cod liver oil was mixed into the dlet dally to
prevent any oxldative destruction of the vitamlns. The results
of this investigation are shown in table XI. A more detalled
summary appears in table XXVII.

Table XI -

Hortallty after the first week on dlets contalning
individual components of the growing retion as
sources of vitamin B end of vitamin G, ,

Tomponent used ¢ & mortalily on dlets with amounts of

ag s80le source of 2 added component shown below.

vitemins Band G 3 10% 3 254 s 404 31 60%
Wheat H 64 2 69 ¢ 656 39
Alfalfa 3 71 3 23 1 42 s 30
Tankage ¢ 100 3 100 @ 100 3 100
Butter mllk powdeyr ] 83 13 88 3 100 74
Flah meal s 100 88 21 3 80
Linseed oll meal H 76 3 41 : 886 s 100
Cotton seed meal 3 85 3 . 50 3 80 1 83

The results shown In table XI show that all of these &ag

- wore unsatisfactory for lactatlion. The mixture of wheat with

the other components must acoount for the low mortallty shown

in table X. In order Ho determine whether vitaemin B or vitamin @,
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or the combination of these two vlitamlns, would satlsfactorily
supplement these various components of the growing ration,
snother series of experiments was planned. Diets contalning |
257 of the growing ration component, casein 187, Squibbs cod
1iver oil 4%, salt mixture (185) 3.77Z and the balance to 100%
of dextrin were supplemented as shown below, Vitsmin B was
supplied by feeding 0.3 grams of the vitemin B concentrate
previously described to each mother dally. Vitamin G was
supplied by feeding each female 1.5 grams of the vitamin @
concentrate prepared from liver as previously described. This
supplement was fed dally. The combination of both witamins was
supplied by feeding the above smounts of each preparation to
the female, In order to compare the vitamin G concentrate with
the vitamin In asutoclaved yeast another group of females was
supplied daily with 0.3 grams of the vitamin B &anmxitmi:e plus
Z2e4 grams of the sutoclaved yaasﬁ; The reason for selecting
these amounts of the supplementa was that Feaster (18) had
shown that normsl lactation required six times the amount of
each vitamin needed for normasl growth,

Detailed results of this investigatlon appear in table XXVII.
Mortallties In this table as well as mortalitles shown in
table XI1I are calculated on the basls of the number of young
living at the ond of the first week. It aseemed reasonable that
the diet could wam‘miy be responsible for loss of young during
the first week becsuse the mother had besen on the stoek dlet

preceding parturition. Results are more reasonable 1f this
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figure 1s used although diets eontaining alfalfa and cotton
seed meal show a better comparison 1f btotal mortalitles are used.
The figure for 257 slfalfa with no vitamin supplement is 23%
mﬁrﬁalitj after the first week and 369 total mortallty. For
cotton seed meal mortality after the first week is 507 while
the total mortality is 84%.
Comparative mortalities on dlets containing 254 of the

various components of the growing ratiom appear in table XII,
Hortalities on thesge diets mppleﬁentaﬁ with vitaming B and @

ayve also shown,

Table XIX

Hortallity after the first week on dlets containing
individual compcnenta of the growing ratlion, with
end without supplements of vitsmins B and G. (%).

tvitemin: B G ﬁmssama
&mwing ration @ 3 : (;.s.wgg): {1iver) siwﬂ
Wheat s 68 ¢ 32 1 20 0 3 3
- Alfalfa s 83 3 39 3 33 1 0 ¢ 1B
Tanks ge 3 100 ¢ 31 3 T2 3 1l 3 8
Butter milk powder 3+ 88 ¢ 17 3 44 3 3
Pish meal + 82 : B8 3 100 3 o 2 0
Linseed oil meal ¢ 41 : 20 0O 1 0 1 o
Cotton seed meal 3 50 1 0 ¢+ 12 o 3 8
growing vationm =~ 3 20 3 e 12 1 3 3 11

Table XII shows that all dlets gave lm::« mortality
figares when mppiammﬁad with vitemin B or vitamin G with
the exception of the diet contalning alfalfa, The alfalfa diet
showed no improvement with either vitemin, All dlets except
that eonteining aifalfa aheweﬁ improvement with vitamin B and
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modify the conclusions of the preceding paragraph with this in
mind we wonld econclude that vitamin B supplements the diets
bet ter than vitamin & Iin the cases of tankage, butter milk
powder and flsh meal, while wltamin ¢ supplements the diet
better than vitamin B in the case of linseed oll meal.

The vitamin G preparation made from liver seems to glve
better results than the sutoclaved yeast in dietbs wntéining
wheat, alfalfa, linseed oll meal, cotton seed mesl and even
with the growing ration itself, These differences are slight in
every case except that of the alfalfa diet. Unfortunstely, the
work with alfalfa failed to give consistent results throughout
this investigation, Duplicabe experiments falled to correct
these inconsistencles. The author believes that alfal:t#_ is
unsatisfactory when used in diets for rats. This would modify
all conelusions involving alfelfe dlets and would limdicate
cantion in aasming a decidedly superior supplementary value
for the vitamin G prepared from liver.

The preceding discussion concerned the mortallty of the
young on the various diets., A study of the weights of the
young at the time of weaning 1s equally instruective. The young
were weaned at twenty elght days. It is not safe to consider
wolghts of the young as the sole measure of improvement in
lactation. High mortality may accompany high weaning weight
since the mother has fewer young to suckle, Complete records of
all thls work appear in table XXVII while the ecomparabtlve
weaning weights are further summsrized in table XIII.
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Table XIII

Weaning welghts of young on dlets ocontaining
the components of the growing ration with and
without vitamin B or 8 supplements. (Grams}),

Tomponent 8 4, e
of the s : R
growing retion 3§ 10%: &

Vheat 1 15 ¢ 19 3+ 21 1 26 14 213 484 58 3 41
Alfslfs 119 5 24 ¢ 18 ¢ 15 13 22: 39y 46 1 28
Tankage 3 | t H H 12 123 163 32 31 36
Butter milk powder ¢ 10 2 25 ¢ t 35 s3 B1l: 273 53 1 49
Flsh meal H t 26 ¢ 17 3 22 13 33¢r 3 B7 1 48
Linseed oll maal s 17 ¢+ 21 32 21 $2 24y 35¢ 49 1 50
Cotton seed meal ¢ 22 3 30 ¢ 16 3 18 33 32¢ 553 53 3 43
Growing ration 1007 4+ vitemin sumﬁ.matx éSs 403 49 3 &3
Synthetle dlet + vitamin supplements es 45 3 4%

The infomaticm shown In table XIII suggests that vitamin B
supplements diets containing tenkage, butter milk powder and
fish meal, Vitemin G appears to supplement dlets contalning
wheat, alfalfa, tankege, linsesd oil meal and cotton seed meals
The supplementary value of B ls greater than that of vitanin G
in the case of fish meal, The supplementary value of vitanin G
is greater than that of vitamin B in éi&ts containing wheat,
alfélf&, linseed oll meal and cotton seed meal, The sddition
of both vitamins lmproves all diets more than either vitamin
alone with the exception of those containing cotton seed meal.
Cotton seed meal I1s aup@lamenkeé a8 sdequately with vitamnin G
as with both vitamins., & study of weaning welghts indleatbes
that fish meal, butber mllk powder snd tankage are defielent
in vitamin B while wheat, alfalfa, tankage, linseed oil meal
and cotton seed moal are deflclient in witamin G.
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It 1s obwilous thaet concluslions in regard to deficlencles
in these diets differ when we consider mortalitles In one case
end weening welghts in the other cass., Combining the evidence
from both sngles we see that deficlsency of §1tmzzm B exists in
diets containing tankasge, bubter mlilk powder, fish meal, linseed
oll mesl and possibly cobton seed meal. Defleiency of witamin G
exists In dlets eontalning wheat, tankage, butter milk powder,
linseed oll meal and cotton seed meal. It further appears that
our growlng ration may be deficlent in both vitamins B and G.

It is entirely possible that these conclusions may be in
eyror 1f some factor essential for satisfactory lactation was
present in some of these dlets. The exlistence of such a lactation
factor would alter all conelusions regarding the value of the
other vitamins in the dlet,



DISCUSSION OF RESULTS

This research proved that the vitamin E content of diffexr~
ent brands of cod liver oll varied widsly. Squibbs oll was out=
standingly better than other brands studied. Meads oil contained
appieciable amounts of vitemin E while Sea Pure oil contained
very little of this vitamin., These results are in accord with
previous work of Nelson and co-workers ( 6, 50, 53, 85) who have
reported conalstent reproduction on diets contalning Squibbs oil,
and with the work of MeCollum and co~worksrs (64} who gwogg
the proleble presence of wvitamin E in Meads oll. The results
are partially in acecord with those of 3ure (76) who reported
that Sea Pure oil wes free from vitamin E. The present research
revealed such a small content of vitamin E in Sea Pure oil that
it might De considered prectically free of vitamln E. Results of
this research are partlally in agreement ﬁ.aw the wanm%%w made
by Evens {15) who used Meads oil in certain experiments and
‘reported that cod w@nw oll was ﬁgﬁg deficient in vitamin B,
provided we consider the subsequent statement by Evans (15)
that lard contains some substence which destroys vitamin E in
cod liver oll when both ars pressent in the dlet, Mabttlll (36, 37}
offerred an explanation of the dlvergent gﬁ@&ﬂu of Nelson and
Evans which seemed reasonsble and sufficlent. Nelsam (5, 53)
explained this difference in results in much the same manner,
Oxidative deatruction of vitemins A and E and variations in the
original content of different olls in these vitemins account foy



fuotoo ®vOgE eul UT UOTYBLOT Dus uopzonpoadex Jo serpnyg
*SJUBPIXO-TIUB JO FUOTUOD
847 40 § UTURGTA JO SOUBIY JO qUO3UOL S3T SuUImMISOSep o olaque
geeyn pesosagxe Juplpnys UT JUINOS oq JuUBTW uoTIBUNLAXe uy
*{2g ‘33 ‘y) saejIOM~00 pue uogTey Lq NIoa snotsead UITA Jucwoexde
ﬂﬂ 87 STUI "uoTiejoey pur uorjonpoidex Lpnge og pesn eJom 299D
Hgong ueym qeeed Jo olIque 3BOUR TBINLWU JO SBN QY UBYZ S3InNESX
10330q AT3ueqsTeuUCO 0A® TTO SqqEnbs HUTUTRGUCO S30TD UT H Duw &
nﬁﬁsmawp Jo eoanos ouy £8 olzque Jueys PE3OBIIXS JO o8m oyl
| *orqeasduns LTpasy ode 387 Jejqmq
30 209squeosed JUSISIITP PUS TFO ISATT DOO JO SDUSIA JUSIEIITD
SUTSN EOTL036I0QVT IOUI0 WOLF #q70dey *(BT “¥P) SIGNIOMMO00 Duw
ﬁaawmm Jo Hxom snopaexd uga quemeeade U T ETUL *UOCTIBINBT
pue wopzonposdes Supjouosd WY 983 2933TQ UITA Pexsduod $3
T10 Bqqiubg Jo f3pL0pdedns oujy POIBASUOWSD YOIBEESI STUL
; aﬁa«umﬁawﬂ Suggomoxd up TyO sqqInbs Jo Ajpxoraedns |
. U3 J0F JUNCOUR DTUOA J040VF UOTHESOBT ¥ UOWS JO JUSZUOD.
oTqeToeadds Us J0 § UTWEITA JO JUSUCO JSUBTY Y *SI03uIT3SeAUT
gaﬁa £q pegeingsod uceq §9Y I0308J UOTIBIOBT B UONS 3

90US3RTX® OTJ *I0308F UOTIEIOVT ¥ DOUTEUOR OSTE § UTHGYTA UT
yoTx 38..« upelaen 4wyy pesdodex (yy) exng *uopjesost asdoad
40J TYTIUESSs € § UTUW3TA juyy pesJodex (gr) susay *&3307
:&aamm 83u3 <03 suopywusTdye omy og JudTw ooyl »ﬁﬁﬂ&ﬁ»&ﬁﬁ.&@&
¥puBIq w30 TTW 03 JojJedns SwA TTO SQQTUDE J9U} DmOUS SOTPMIS |
UOT3IBINVT UF STTC ISATT POO JUSISIITP Buysu sz wuaedxy |
| *EOTJIO0NBIO0BT JUOXSIITD UT #3TnseI queBIeAlp eug

- 90 -



£q pencadwy 87 JTe837 uojux Fupmoad oyl *p puv § SUTWSYTA UL
JuetolJep eq Lsm uojjex Huimoad ane 4vY3 PeFWOTPUT 8L *S30TD
eseu; uyp pesweasup gua o8vjucossd ouy ¢ aejwexd LreayssesBoad
fua worjea Sulacal® peppew eyuz Jo onyva Lxvjuemorddns oyy *p puw
g surwsqaTa 207 uorstaoxd &ga ou Burureinod $301p JueweTddns
09 UMOUS USSQ 9ABY uoTgsd Sutaoad ano Jo sgunoumw Supiiei
*queoTITud e fv peogxodox egq PIROd FOTDPIQE GATYE
«x8dwoo Luw eJ0Jeq DOUSITURISS 6Q PTNOUS UWOTIBTL8A [BEXOU JO
BRTUTT 9UY DUS UOTIRITUSS pus LyypIumy ‘eawguaedus) Jo sproved
y3Ta peasdwod oq PINOUS SUOTS8TIBA O90y) Supaous SeAIND *AuCTOO
ouy ‘ﬁgﬁ& SUOTIETIUA JO ROTDNAS eATesneyxe pus peuwsTd Trem £q
pepedsad oq pruoys STSuIWwe Tejuentaedxe Supfotdue Lpnys 998IM00B
Xo oatgespauend fus up degs $8ATI U3 JVUZ SOAOTTEQ JLousns
oyr *worqoad euyz Jo Lpnys [BOT3TIO ® XYW 03 TTUI6D JUGTOTIINS
U 8X0308F 060U} SSUISTD 04 TTEJ UOTJVTIRA Teuosses jxodex
ous BIONION *BI0308F om6l; 04 PruBea uyp perTOIzuUcY LTTNISXED
I8 B3TI03RIOQVT oFOUA OFOT3 OJ8 SUOTIBTIRA TRUOEEEF OU gaodex
oys 8x048B73eoAUr *TRTUSsRe LTejnrosgy ST uUOTIBIUBE DuUm
Judr *Larprwny ‘eanysaedmed Jo TOXZUOD §BUG SINIBASLTT OUI
up guemoexfe Twaoued Lyarsl sT exeyy *sjxodex yous Ausdwooow
pINOYS SuOT3TPuce Lrogeloqer JO TOLqUOS ey3y Jo swopydyao
-gop peTIegep ssorTun sxojufygseaur Jeyjo fLq pejxodes EjTusex
e peredwos eq hﬁ%&g weo Lpugs sTUl *sTvupue Twiusuiledie
up qusoyJTudye powesp ATsnotasad S0OUSISIITP dUY POPeeOXe Iel
YOTUM 4OTP TEWIOU ¥ U0 STBUTUR THIIOW U} SUOTJETIBA DOTBOAGX

-gp -



- 66 -
the addition of tutter fat which indlcates that it may be defi~=
clent In vitamin A, Fish meal was shown to supplement g« grow=
ing ration. This might be explained on the basis of added vita~
min G or on the basis of an improved protein supply.

Dlets containing 407 of wheat have been shown to be un=-
satisfactory for lactation, This 1s in agreement with Nelson
and co-workers (18, 21, 82, 85) and with Aykroyd and Roscoe (2)
but is contradictory to the report of Hunt (26) who found that
359 of wheat permitted nomal lactation, There 1s no real basis
for comparisons of wmawmw,wg on ﬁgmm diets unlesas a couplete
description of the wheat is avallable. Aykroyd and Rossoe (2)
reported wide variations in the vitamin B content of wheat from
different asources, Lactation on wheat dlets, in the present
- research, was lmproved by the edditlon of butter milk gﬂﬁaﬂ.
1linseed o0ll meal, fish mesl or alfalfa, Lactation on dlets in
which tankege supplemented the wheat dlet was poorer than thet
on g& wheat dlet itself, Butter mllk powder supplemented the
wheat dlet most successfully while fish meal was a very good
supplement, These results Indicate that the deficiency In the
wheat dlet is one of vitamin G. This i1s in sgreement with the
work of Sherman (61), Peaster (18) and Wilkinson (85).

Diets adeguate in all the dietary reguirements except
vitaming B and ¢ were supplemented with warious somponents of
the growing ration to detemmine thelr value in lactation, These
components were fed at different levels up to 607 of the dlet,
Lactation was below nomel in every case showing that no one of
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these components furnished enough of these vitamming when fed in
emounts equal to 80% of the dlet. This is in agreement with
many workers who have reported that the lactating mother
requires considerably more of these vitamins than the growing
animal,

Lectatlion on diets containing 254 of the various components
of the growlng ration was compared wlith lactatlon on diets in
which these components were supplemented with vltamins B and @,
This revealed certaln vitamin deficlencles for normal lactation,
Vitamin B appeared to be the limiting factor in tankage, butter
milk powder, linseed oil meal and fish meal, while vitemin G
appearsd to be the limiting factor in wheat, lankage, buttey
milk powder, lingeed 0ll mesl and cotton seed meal, Results
with wheat are in agreement with Sherman and Axtmayer (6) who
reported that vitamin G was the limiting factor in wheat.
Results with alfalfa are not in accord with Osborne and Mendel

{57} who reported that alfalfa was & good source of vitamins

B and G, The suthor used mch larger amounts of alfalfa than
thease Investigators and thls probably aecounts for the result,
Easulta’ with eotton sesd meal Indlcate that 1t was deficlent

in vitemin G but farnished almost enough vitamin B for lactatlon,
The literature concerning vlibtamins B and G in cotiton seed meal
‘relates to its value for growth, Hunt (27) reported that cotton
ssod meal was a spurce of wvitamin B, Munsell (46) found
that 1t was a good source of vitamin B but was lﬁaﬁai&n& in G,
Whitsitt (84) reported that cotton seed mesl was & riech source
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of vitamin B and & good source of vitemin G, |

The literature revealed no lactation studles of diets in
which vitsmins B and G were furnished by tankege, bubter milk
powder, linseed oil meal or fisb meal, The suthor would conclude
that 259 levels of tankage, butter milk powder and linseed oll
meal failed to provide sufficient vitamin B or vitamin @ for
satisfactory lactation, Fish meal at this level failed to pro-
vide sufficient vitaemin B for lactatlion and cotion seed meal
falled to provide suffilclent vitamin G for lactation, This
research shows that diets contalning fish meal are superiory
to diets containing tankage when such diets are used in lactation
studles, |

All the eonclusions drawn from the results of this research
mast be modifled If a specific factor for lactation is shown to
be present in the foods studied, This 1s a possibllity which
should be considered in all work involving lesctatlion studies,



UMMARY AND CONCLUSIONS

Reproduction was used as e measure of the vitamin ‘E content
of eight different brands of cod liver oil. Diets tested con~
tained varying amounts of these different oils which furnished
vitamins A, D and E in such dlets, A comparison of the mmber
of young born to females on these diets showed that the oils
oould be arranged In five groups accowling to thelr content of
vitamin E. Squlbbs oil wﬁa markedly mgérioxv to ther eﬂm{:aila
studied and 1t sonstituted group one. Meads and Parke Davis oils
seemed of about equal potency and sonstituted group two, Eli=
Iilly oil was inferior to the oils mentioned above and consti=
tuted group three. Fuller-iorrison, Des Moines Drug and sea Pure
olls were of agpte:xiwtaly the same value and together constilwe
tuted group four, Marden-Wilde oll comatituted group five. It
was inferior to all other oils studled and permitted the least
reproduction, Diets containing butter fat as the sole sourse of
vitamins A, D and E were inferior to those mtaini#g an squal
percentage of Squibbs ecod liver oll, This sghowed that the oll
was superior to butter fat for reproduction.

Diets containing extracted wheat embryo as the sole source
of vitamins B and G together with 5% of Squibbs cod liver oil
as a source of the other vitaming were markedly superior to
diets in whigh yeast replaced the extracted wheat embryo as a
souree of vitaming B and G, The wheat embryc dlet permitted
better reproduction and lactatlion than the yeast dlet.
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Records of reproduction and lactation in our stock colony
showed that there was & large variation using normel animals
on e normal dlet. This study revealed much larger differences
in the stook colony than the differences whieh had been assumed
to be aignificant In the work involving purified dlets.
. Lactation studies using various brands of cod liver oil
to furnish vitemins 4, D end E in the diet showed that Squibbs
cod liver oll was superior to all other oils studied. This
superiority was shown by lower mortality and highey weaning
weights of the young, |
Diets consisting of purified foods, adequate In al:i. reay
pects mept in vitmg. B and G, weve mm:}lmnm& ﬁﬁh the
gming mtim ‘as a souree of these vitmms %nﬁiaa of
lactation and reproduction on these diets showed that 3.(3% of
 the g;mwing ration was not sufflelent to pemmit mpm@etim
and that inereases up to 734 of the growing ration improved
reproduction and lactation, The improvement in weaning welghts
on the diet conteining 737 of the growing mtim more than
offset the alight drop in the number of yovung born. The addition
of ttter fat improved the growing ration 1tself, Vhen the
growing ration wes supplemented with fish meal the young showed
& higher weaning welight and appeared Lo be better animals than
those fed the growing ration without fish meal,
Diets consisting of purified foods and supplemented by
407 of wheet were further supplemented by adding various oom=
ponents of the growing ration, The somponents used were tankage,
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tautter milk powder, linssed oll meal, fish meal and alfalfa,
In every case except the one where tankage was used, métatim
was improved by the inelusion of 107 or 20% of these added com=
ponents. The dlet including tankage was poorer for lactation
than the diet of purified foods and wheat, The latter diet,
eontaining wheat and no additional supplement, pevmitted repro~
dnction but many of the young showed extreme nervousness m&
often developed into paralysis preceding death. i‘h:ia nervousness
 was much move merked in young on diets containing tankege. The
diet containing 20% of tankage was so poor thal even the
mothers beceme nervous. Practically all the young on this dlet
were extremely lrritable and the high mortality shows that msny
ﬁied during the lactation period. Butter milk powder wss the
most satlsfactory supplement when fed at a level egqual to 20¢
of the dlet, The weanling weights of the young were uniformly
 higher and the young were especially fine in sppearance., The
diet containing 10% of butter milk powder wes good, and the
young were betber t&aan the average rats at this age. The diet
containing 107 of fish meal was remarkable in that the mortality
‘on this diet was gero. |

Diets adeguate in all respects except in vitamins B and @
were supplemented wlth various components of the gmwiag ration.
Bach component was included in four different dlets whereln it
constituted 109, 259, 407, or 607 of the diet. Lactation was
poor on all these diets. In order to determine whether the
fallure of lastation wes due to a lack of vitamins B or G or



& lack of both the vitsming B and G, dleis were m&&e ruy ér.m* |
taining 257 of the component being studied, These diets were
supplemented in four different weys. The first supplement was
a vitemin B adsorbete on fullerts earth, The second supplement
was a concentrate of vitamin G prepsred from hog liver and dried
on dextrin, The third supplement consisted of the vitamin B
concentrate and the vitemin @ preparation from liver. The fourth
supplement consisted of the vitamin B sconcentrabe and vitamin G
furnished by sutoclaved yeast, These dlets were fed with and
without supplements and comparisons of mortalities end weaning
welghts were used to indicate vitemin deficlencles in the various
components used, |
Comparative morialities indicated that |
powder, fish meal and cobion seed meal were deflcient in vitamin
B while wheat and linseed oil mesl were deficlent in vitamin G,
Comparative weights of the young at the time of weaning indieated
that fish meal, butter milk powder and tankage were deficient in
vitamin B while wheat, alfalfa, tankage, mnsaaﬁ 0il meal and
cotton seed meal were deficient in vitemin G, Defielencies were
evident when both these oriteria were used, The final conclusion
was drawn that tankage, butter milk powder, fish mesal, llnseed
oll meal and possibly cotton seed meal were deficlent in vitamin
B while wheat, tankage, butter milk powder, linseed oil meal
end cotton seed meal were deficient in vitamin G, The growing
ration used for our stoek colony was deficlent in both vitamine,
The addition of both vitaming to any of the diets studled

ankage, butter milk
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Table XVI
Reproduction using Parke Davis oil

1 tiontheifotal : loball " ,
t on 3Ho, of .Ko. of: Ceuse of the death

Pemalet ¢

number: oll : diet :litters: young: of the female
94 3+ 1 + 9 5t © s 0 Killed
96 ¢ 1 s+ 4 ¢ O ¢ 0O 3 Unlimown
96 ¢+ 1 ¢ 9 s 1 s 3 Eilled
97 + 1z 7 3 1 3 B 3 Killed
98 «+ 2 : b s O 1 0 ¢ Pregnant
99 ¢+ 2 3 5 ¢« 1 s+ 1 Pregnant
100: 28 ¢+ 9 3+ 4 3 23 Unknown
i : 2 ¢« B8 ¢ 1 1 6 Unknown
JO2 ¢+ 2 3 B 3 2 31 4 Unlmown
163t & : 8 31 1 1 5 3 Unimown
104 ¢ 3 3 10 3 G 3 0 3 Killed
106 ¢+ 3 ¢« 8B 3 3 3 17 3 Pregnant
106 ¢+ 3 1 6 o 1t 0 3 Pregnent
107: 3 ¢+ 8 ¢+ 2 31 6 13 Unknown
108 ¢+ & 2 3 0 H 0 3 Unknown
08¢ & ¢+ 8 ¢ 0 : O 3 Unknown
110 s S s & : 2 : 9 3 Unlmown

® 11l s 4 3 12 ¢ 7 1 58 Killed

£112 ¢ 4 : 12 : 6 : 35 Ellled
113 ¢ 4 ¢+ 868 : 1 ¢+ & 3 Pregnant

" 114 ¢+ 4 : 12 3 4 3 22 Killed
118 : 4 13 7 3 o 0 3 Unlcnown

% 116 + 4 s 6 3 1 3 3 %a&
117 : 5 ¢ 10 ¢ 1 s 6 1 led
118 s 8 ¢+ & i : 6 3 Unkmown
119 ¢ 5 3+ 7 ¢ 3 31 21 13 Unknown
120 56 ¢+ 6 3 ©0 1 0 1 Pregnant
122 : 56 3+ 4 : 2 : 8 : Killed
122 : 5 ¢+ 4 3+ ©O : 0O 1 Killed.
123 ¢ 56 ¢ 6 1 O 1 o 3 regnant
124 : 5 ¢+ 4 3 © s 0O ?armritim
i26: 5 ¢+ 4 35 0 3 O Pregnant
126 :+ 5 :+ 4 :+ 1 s 7 3 Pregnant
27 3+ & 1 5 1+ S ¢ 3 Pregnant
328 : 5 : 8 : 2 3 10 3 Unlmown

% Lectation permitted during last four months on diet.
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Table XX

Reproduction using Marden<Wilde oll

1 tHonthst Total @ Totals | |
Female:t % s on No. oftFNo, of: Cause of the death
number: oll : diet :litters: young: of the female

222 ¢+ 1 3 B 3 L S 0 3 Killed
ggz 3 % 3 g 44 4] 3 g H gi%lﬁ
~ z H 3 O e 3 ~lled
225 1 2 & 5 1 0 & 0 1 Killed
B26 ¢ 2 5 3 o C I ¢ B 1 Eilled
227 :+ 2 ¢ 5 3 O 1 O Killed
228 &+ 8 s © : 0 1§ 0 3 Kiiled
229 1 3 5 1 ¢ & 0O 3 Killed
230 3+ 3 5 1 0 ] 0 3 Killed
231 + 3 8 3 1 3 3 3 Rilled
232 ¢« 3 1 8 kd 3 5 @ Killed
233 1 3 1 3 1 (¢ % C 3 Unknown
234 : S5 3 8 3 O 3 O 3 Unlknown
%255 1 4 ¢ B @1 0 1 O 3 Killed
252 s 4 3 2 1 0 : g 3 Uniknown
23 s 4 5 3 ] ] O 3 Unknown
238 : 5 : B8 ¢ 0 © @ 3 Pregnant
239 : 5 5 3 0 0 3 Killed
240 3 5 ¢+ 4 : 1 s 8 1 Pregnant
241 : & 3 8 ¢ ] 0 3 Killed
242 1 5 4 3 (4] H 0 1 Tamoy
243 s+ 5 1 8 0 H ¢ 1 Killed
244 s 5 13 8 3 © ] 0 3 Unknown
245 3 & 3 0 3 ¢ 3 Ear Infection
246 : B 3 8B 1 1 2 1 s Killed

% After four months on the dlet shown sbove, female 2356 was
fod a dlet in which 107 of Squibbs eod liver oil replaced
the 49 of Marden-Wilde cod liver oll. In two months she

ve birth to three litters. She was permitted to ralse
ge last litter of 185 £ and succeeded In weaning 8 ab
an average welght of 31 grams.
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Table XXI

Reproduction using Squibbs god liver oil

t  t Monbhs: Total 3§ TOBalt -
Female: % : on iNo. ofifo, oft Cause of the death

number: 6il: diet :iltters: youmg: of the female
247 :+ 1: 4 s © @ O 1 regnent
248 ¢+ 1¢ 9 ¢ 1 :+ 5 3 Killed
249 1 13 b T 2 ¢ 7 3 Parturition
250 ¢+ 13 6 ¢t O 0 Killed
261 ¢ 113 6 1 0 $ 0 3 Killed
252 3+ 13 6 (¢} T © 3 Killed
252 s 1 6 st O s ¢ 3 %llgg
254 ¢ 13 6 3 O 3 O % L11ed
255 1 % r 10 3 1 & 8 3 Kiilled
256 3+ €231 10 s O 0 Killed
257 3 23 10 ¢ 0 1 O 1
2568 :+ 23 9 1 2 : 9 3
X 250 1 2 3 B8 H 3 : 15
® 260 31 R s 8 H 4 1 86 1
3 $ ; 3 I 3
' t B3 10 8 8 s 1B 3
x 264 $ 33 10 s 4 3 27 1
265 1 313 5] 3 1 T 9 3
266 ¢ 3: 6 : 1 + 9 3 :
& 267 3 313 8 : S 3 26 3 Killed
268 ¢ 33 8 31 3 s 20 3 Killed
% 269 ¢ 3: B8 31 2 1 15 1 Killed
X 270 ¢« 3¢+ 8 : 2 : 11 Killed
271 3 3 1 4 ] Q 3 0 3 Parturition
272 ¢+ 33 8 31 4 3 20 3 Parturition
274 3 3 ] 3 3 Ellle
& 275 13 e T 2 & 14 3 ¥iiled
276 1 4: 6 3+ 3 1 17 Pregnant
x 277 3+ 43 12 H 3 t 8 13 XKilled
& 278 3 43 12 3 5 s 35 13 Eilled
X 279 ¢ 431 12 ) 5 s 38 Killed
® 280 ¢ 41 51 H 3 3 21 Killed
281 :+ 431 3 ¢ 1 . B 3 Pregnant
282 1 4¢+ 4 1 1 : 7T 3 Pregnant
% 283 s 4 3 8 3 4 ¢ 30 3 Killed
284 3 4 : 2 3 1 z 9 3 Pregnant

% Iectation permitted during last four months on dlet,
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Table XXI contimued

Reproduction using Squibbs ¢od liver oil

T :
. Female?

iMonths: Total 3 Total:

Csuse of the death

% t on 3Y¥o. ofiNo. of:
number: oil : diet ilitters: young: of the female
X 285 3 5 : © ¢ 6 1 48 Killed
£ 286 3§ 58 ¢ 9 ¢ & 1 B0 13 Tilled
* 287 ¢+ 5 3§ 10 3 6 : 28 3 Killed
X 2088 : 5 ¢« 8 + 4 : 28 Killed
& 289 : 5 ¢+ 8 : 3 3 17 1 Pregnant
2 890 : 5 ¢+ 8 1 2 3 24 Killed
281 ¢+ 5 3 4 : 8 31 8 1 Parturition
292 ¢ 5 1 B ¢ 4 s 16 3 Killed
% 205 : 5 ¢+ B : 6 3 B8 1 Killed
204 : 5 ¢+ 3 ¢+ 1 s+ 1 ¢ Parbturition
£ 295 ¢+ 5 :+ B8 13 8 t 19 13 Killed
296 3+ 5 ¢+ 8 5 1 18 Killed
2807 ¢« H ¢ 8 3 1 H 2 1 Killed
208 ¢+ 5 ¢ 8 § 3 : 13 ¢ Parturition
200 ¢+ 5 ¢ 4 ¢ O 1 O 3 Pregnant
300 ¢+ 5 3 8 2 t 8 ¢ BEar Infection
301 s+ 5 3 4 3 1 3 7 : Parturition
Bce 3 10 31 B 1 B 3 B5 1 Parturition
303 £ 10 :+ 4 : £ ¢ 5 3 Unknown
304 10 ¢ 18 ¢ 3 ¢ 21 Killed
306 10 ¢+ € 5 s 25 13 Parturition
806 ¢ 10 s 18 3 4 : 21 3 Killed

% Lectation permitted during the last

four months on dlet.
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Table XXII

E&ymnm using dlets 43, 44, 45 and 46,
For sompoaition of these dlets see page 42.

1 tHonthat Total § Jobal ‘
Pemalet ¢ ¢ on 3No, oftNo, efx Canse of the death
mumbers oil : diet tlitters: young of the female

let 45, Extys 3 W] » 2% plus bs oll 84,
910 : b 8 1 t 80 1 8%
X 311 ¢+ 5 ¢+ B ¢ 4 s 25 m:ma
* 312 ¢+ 5 ¢+ B : 8B 1 37 = Killed
x 313 3 B 3 8 ¢+ 4 1 32 3 Eilled
2 314 ¢ 5 3 10 : 4 1 24 Filled
& 315 ¢+ 5 10 4 t B8 3 Killed
% 316 3 6 31 10 3 B : 37 Killed
Diet 46. Hat uibbs oll 5%
& 817 3 Killed
x 318 Killed

% ILactation permitted during laast four months on diet.,



Table XXI1iI

Reproduction using the growing ration

T Nonthas § Total ¢ Total @
Pemale ¢ on ¢t No, of : Ho. of ¢+ (Cause of the death
munbey 3 dlet ¢ litters : young 3 of the female
328 3 5 H 3 H 26 s Killed
' 320 1 8 13 6 s B2 3 Killed
% 330 1 8 3 4 H 37 H Killed
x 331 3 8 t 5 s 38 1 Killed
332 5 H 2 3 18 s Unlcnown
333 ¢+ 11 s 4 : 28 @ Killed
334 : 12 s 11 : 85 1 Xilled
335 ¢+ 12 3 3 : 1o 3 Xllled
336 : 12 @ 7 H 82 2 Killed
337 3 B H 2 ) g2 3 Uridenown
358 ¢ 12 ¢ 12 : 99 13 Killed
338 i2 1 & 2 &5 H Eilled
340 iz 3 7 s+ B2 g Killed
341 3 12 e 1 83 H Killed
342 1 12 12 iz : 9B H Killed
343 ¢ ‘12 1 7 3 B85 ] Killed
% 344 s 10 3 3 t RO ] Killed
Xk 345 ¢ 10 3 5 T 29 s Killed
% 346 10 4 5 ] 43 H Eilled
M 347 3 10 ¢ 4 H 37 3 Killed
Kk 348 ¢ 10 3 6 t 46 3 Killed
&% 348 3 10 3 8§ : 37 1 Killled

% Lactatlon permitted during laat four months.
&% lactation permitted during the entire ten months,
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Table XXIV
Reproduction following chenges of dlet
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Table XXV
¥ Honths :humberi

lactation using different ecod liver oila,
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Table XXVI
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Teble XXVII

of the growing ration with and
without supplements of vitaming B and G.

X ractation using diets containing individnal
components ‘

Thmber §

Diet @

1% mortal-i1AvVerage Wha.

“tYoung 3

*
El

of

after: Young :ity afteriat weaning.

tYoung

i %xg Hae LERE,

rifemaless born:7 daysiweaned : 7 days
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% The composition of these diets appears in table XXVIII,
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Table XXVII contimied

& Lactation nsing dlets contalning Indlvidusl
components of the growing ration with and
without supplements of vitamins B and G.

TiNumber i 1Young ¢ 19, mortal~iAverage Whe
Plet ¢+ of tYoung : after: Young:ity after:at weaning.
mumber:females: borni7 deysiweaned: 7 days 128 days, Oms,

161 ¢+ 6 ¢ 36 3 s £ 3 B3 : 22
182 3 8 1 38 ¢ 12 s & 1 50 ? 30
183 s 6 1 36 ¢ 21 2 & 80 : 16
164 3 4 ¢+ 24 3 2 : 4 : 83 3 18
185 3 6 st 36 3 35 ¢ 36 3 0 K 32
166 8 t &6 ¢ 29 : 28 iz : 55
167 :+ 6 : 386 3 3B s 33 0 H 53
68 3 6 ¢ 36 1 B2 1 S0 6 s 43
Growing retion
ws 1 6 ¢ 36 :Q”EE T 35 1 0 : 48
176 & 1 36 : 32 ¢ 28 13 i2 H 49
i s 6 s 36 31 33 s 32 3 t 49
178 1 & {1 36 3 36 1 B2 11 3 83
187 6 : 38 : 2 t 45
188 i 6 : 36 1 38 H 40
188 4 s 24 H 33 H 50

% tme composition of these diets appears in table XXVIII,
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Table XXVIII

Conmposition of diets 101-188 inelusive

" Added component 25% + vitemin
supplements shown below

1 10 3

2 3 25 H

3 3 40 H

4 3 60 H

& ¢ 25 s Vitamin B

6 3 25 $t Vitemin G (liver)

7 3 28 t Vitenins B and G (1ivavg
8 3 256 $ Vitaming B and G (yeast

 Wheat diets are shown below as an exempls.

ot 9% 3
Diet number ¢t wheat : Vitemln supplements
ol ¢ 10 t
102 3 25 H
103 ¢ 40 3
104 & 60 3
106 3 25 t Vitemin B
106 3 25 $  Vitamin G (liver)
107 @ 25 ¢ Vitenins B and G (11var}
i08 3 25 ¢ Vitamins B and G (yeast)
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