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1.
INTRODUCTION

It has long been known that the growth rate of the pig is directly depen-
dent upon the nutrients fed. Wore recently it has been demonstrated that the
poor reproduction and lactation performance of the sow can be corrected by
feeding certain feeds., Reproduction and lactation fallures contime to be a
major problem in the swine industry. This problem has been studied extensive-
1y but the length of the reproduction cycle of the sow has been responsible for
the slow m- nade in determining the specific nutrient(s) contained in
some feeds which will correct the poor reproduction and lactation performsnce,
Fortunately, the performance of the ret has been found to closely parallel
that of swine, which has provided & laboratory animal which is useful in study-
ing this problen,

Dus to the difficulties encountered in the sssay procedures for this fac-
tor(s) it has been difficult to prove that the unidentified factor(s) required
for optimum growth is identical to the factor(s) required for normal reproduc-
tion and lsctation, Properties of the unidentified factor(s) required by the
rat suggest that it may be the same as the factor(s) required for growth of
chicks and hatehability of eggs. However, some feeds seem to have a greater
relative potency for normal growth of chicks and hatchabllity of eggs than for
normal growth, reproduction and lactation of swine.and the rat. This has
suggested there may be a combination of related factors rather than a single
factor.

Much of the early work which has been reported on thls subject has shown
that various vitamins of the Becomplex are necessary for normsl growth and opti-
mum reproduction and lactation in both swine and rats., However, many rations
which supply all of the known requirements of Loth swine and rats have been
found inadequate for growth and reproduction and lactation. This has suggested



that £ll  of the mabrlient requirsmenis are not known aws have nobl beern isolsted
in g purified state, 7The unidertified factoris) required nes beer s:sociated
with anizmel vroteln sources alinouzh recent work nhas indicsted that It way
coour In linited amounts in plart zrofuets, The turpose of thls work was to

deteranine bhe specifle nutrient or putrienis reguired by the rov for noroal

growbh, reproduction sud lactation wher fed connom swine rotlons.



3.
REVIEW OF LITERATURE

For many years, a ration of corn supplemented with animal by-products,
prineipally tankage, was considered a standard swine ration in most sections
of the United States. The shortage of these animal by-products end the in-
ereased acreage of soybeans grown primarily for their oil content has mede
available & large quantity of soybean oil meal which has been used extensive-
ly in swine rations. A corn-soybean oil meal ration has been found inade-
quate for optimum reproduction and lactation of the sow when confined to dry
lot by many workers and attempts have been made to isolate the factor(s) whieh
would improve such a ration. Ross (1942a) demonstrated that the reproduction
and lactation performance of rats fed s corn-soybean oil meal ration closely
parallels that of swine and that the ret could be used in pilot experiments
to study this problem of swine nutrition. The early work on this subjeet has
been summsriged by Ross (1942a) and Cunha (1944a).

During the past several years considerable data have been published
suggesting that an unidentified factor(s) is required for optimum growth, re-
production and lactation of the rat. It has been found in some natural feeds
and several by-products.

Liver and liver extracts have been consistently shown by many workers to
contain an unidentified factor necessary for optimum growth, reproduction and
lactation in the rat. In many cases an attempt has been made to isolate the
factor(s) in liver and to determine its properties. Ross (1942a) showed that
supplementing a basal ration composed of corn 76.35%, soybean oil meal 17.50%,
alfalfs meal 5.00%, caleium carbonate 0.65%, and salt 0.50% with 2,00% of
Wilson's 1:20 liver concentrate powder would give optimum growth and normal
reproduction and lactation. Cunha (1944a) obtained similar results with the

liver powder.
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MelIntire, et al (1943) found that superior growth was obtained when syn-
thetic diets containing varicus levels of thiamine were supplemented with
sulphited liver extract. They suggested that the increased growth from liver
may have been due to a growth stimulating substence or that it provided a
favorable condition for intestinal flora which synthesized growth-stimulating
factors such as theoss produced when the rat is receiving & normal diet. Their
work also suggested that p-aminobensoic acid and inositol probably produced the
~ same effect as the liver extract,

Jaffe' (1946) found that an alecholie extract of fresh liver produced a
growth response in rats fed a natural diet. Sporn, et al (1947) using e syn=
thetiec ration composed of sucrose 73.00f, casein 18,008, corn oil 5.00%, salts
IV 4.00% supplemented with thiamine, nisein, pyridoxine, riboflavin, pantothenic
acid, folic aeid, biotin, inositol, choline, p-aminobensoic acid and vitamins
A and D obtained s definite increase in growth with the addition of 1.00% of
1:20 liver powder. Using this same basal ration, they obtained a slightly
greater growth response with 3,008 lyophilised liver (Squibb). 4 similar in-
ecrease in growth was also obtained with the addition of 0.50 grams of fresh
liver daily to such a diet, These workers, using s natural diet with the same
added vitamins, obtained a greater growth response with the 1,00% of 1:20
liver powder than with the 3.00% lyophilized liver. Alsc the growth rates
which they obtained on the matursl diets were much higher than those on the
synthetic diets. Continuing these experiments through the reproduction and
lactation period, they obtained a significant increase in the percentage of
young weaned by the addition of the 0.50 grams of fresh liver per day to the
synthetie ration, They suggested that the growth factor was produced within
the animal body but not in sufficlent amounts during the first few weeks on
the ration. They also suggested that natural rations should be used in order

to devise more suitable assay procedures.
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Bosshardt, et al (1946) found that Wilson's 1:20 liver powder and a butyl
extract of this same liver powder contained a factor or factorz that increased
the growth rate and also the growth utilisation of dietary protein in rats.

Spitzer (1947) found that supplementing a besal ration composed of corn
76.35%, soybean oil meal 17,508, alfalfas meal 5,008, minerals 1.15f and the
known Begomplex vitamins with sdditional elfalfa meal, certain liver prepara-
tions, e combination of casein and choline or fish meal improved reproduction
and lactation. Using only the basal ration, more than 35.00% of the females
were sterile., Many of the young which were alive at birth apperently died of
starvation, This worker also suggested that under certein dletary regimes
there appeared to be a storage of dietary essentizls needed for reproduction
and lactation in the rat, His work also suggested that the factors necessary
to adequately supplement the basal ration may be easily destroyed during the
processing and storage of the materials, The active faotor was contained in
fresh beef liver, lyophilised pork liver and the aleohol insoluble fraction of
lyophiliszed pork liver, Supplementation with additional soybean oll meal was
without effect. A lactogenic hormone was variable as a supplemental source of
the factor or fectors,

Van Landinghem and Lyon (1947) found that s natursl ration containing 20.00%
soybean oil meal and 2,007 alfalfa meal was inadequate for good lactation in
the female and growth of her young, This diet was adequate if supplemented with
2,004 dried pig's liver but was not adequate if supplemented with an asdditionmal
5.008 alfalfa meal or 5,00% dried brewer's yeast. This would confirm the re-
sults obtained by other workers.

Many of the experiments which have been conducted in the laboratory with
rats have been closely peralleled with swine. Ross (1942a) has summarised the
early work which has been done on this subject. WMiller, Keith, Thorp and
¥MeCarty (1943) observed growth abnormelities of weanling piges on a yellow cornm,
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low-protein tankage, alfalfa and salt ration. These pigs grew well but there
were unexplained death losses, lameness and dermatitis, These symptoms were
largely overcome by the addition of vacuumedried liver to the ration, Slti.l--
factory results weres also obtained when the basal ration was supplemented with
soybean oil meal, additionasl alfslfs meal or carotene and yeast. lowever, a
combination of purified vitamin B factors was virtually ineffective.

Krider, Fairbenks and Carroll (1944b) feeding = corn-soybean meal-wheat
flour middlings ration under drylot conditions to swine, obtained increased
growth with the addition of six synthetic vitamins and 1.50% liver extract.
Their results indicated that the all plant ration was defieient in riboflavin,
Fairbanks, Krider and Carroll (1944a) feeding a ration of yellow corn, wheat
flour middlings, soybeen meal, tankege, fish mesl, minersls and fortified cod-
liver oil found that supplementing the basal ration with dried corm distillers
solubles increased the rate of gain, reduced the death loss and improved the
appearance of the pigs. Dried corn distillers solubles was superior to corn
distillers dried grains with solubles,but both of these feeds improved the
performance of the basal ration. It might be noted that both of these feeds
are sources of the waler-soluble vitamins.

Cunha, Ross, Phillips and Bohstedt (1943a) found that sows fed a corn-soybean
meal ration supplemented with irradiated yeast end shark liver oil failed to
reproduce normelly. Three of the four sows were sterile and the fourth gave
birth to a very poor litter. Supplementing the basal ration with erystalline
riboflavin and choline gave no improvement but the addition of 15% alfalfa meal
resulted in normal reproduction. Ross, et al (1944), working with s similar
basal ration, found that there was defective reproduction as shown by embryo-
logical ebnormalities and that lactation was extremely poor. Supplementing
the milk diet of these pigs with various supplements, inecluding liver extract
and 1¢20 liver powder, falled to improve the appearance of the pigs or improve
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the rate of growth. The sddition of 10% alfalfs meal to the basal ration

which contained 5% alfalfa meal, improved the reproduction and lactation pere
formance of the sows but the ration still did not give optimum results. It
was concluded that alfalfa meels varied greatly in their poteney of the unknown
factor., Somewhat similar results were observed by Cunha, Ross, Phillips and
Bohstedt (1944b). They also presented evidence to show that the ration of the
sow during the growing period has a direct influence upon her reproduction and
lactation performance. Those sows given 15,003 alfalfa meal during the growing
period gave birth to more normal litters and resulted in more pigs weaned and
in heavier weaning weights than similar sows not fed 15.00% alfalfs meal dur-
ing the growing period. Krider, Fairbanks snd Carroll (1544a) slso observed
this sape residusl effect of the ration of the sow prior to weaning and the
performance of the pigs after weaning.

One of the most extensive fractionations of the growth-stimulating factor
in liver was done by Jaffe' and Elvehjem (1947). Their assay ration was made
up of grains and other erude products and was used because growth was faster
on such rations than on purified rations. They found that the growth factor
was present in an extract of fresh liver. They alsc found thet the factor in
an aleoholic extract of liver could be adsorbed on and eluted from morit. It
was soluble in ethanol but not in butanol and was stable to heat in a boiling
water beth for ten mimutes. They compsred two anti-pernicious anemia liver
extracts and found that they contained a growth promoting substance. Fish
press water also stimulated growth in rate in a manner similar to that observed
in the rats receiving liver.

Erider and co~workers (1946b) using a corn-soybean meal ration supplemented
with all the known required B-vitamins obtained significantly improved gesta-
tion and lactation resulis with swine with the addition of alfalfa meal or liver
extract to the ration. The addition of folic acid concentrate did not give a
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significant inerease in the weaning nights-, but the pigs from the sows re-
celving the folic seid appeared more thrifty and vigorous than those pigs from
the sows on the basal ration. Cunha, et al (1946) using a purified ration ob=
tained no significant increase in growth of pigs with the addition of folie
scid., He reported, however, that the foliec acid may have helped slightly with
hemoglobin formation. These same workers reported (1947) that the additiom of
folie aeid teo & nmatural ration containing tankage "caused some stimulation of
growth during the first four weeks and caused the pigs to be cleaner in appear-
ance and have bigger appetites at the end of the experimentel period". They
further suggested that this may "mean that even though folic acid doss not
help growth with a purified ration, it may under certain conditions promote
growth with natural grein rations.”

Zucker and Zucker (1948) have tentatively given the name "zoophsrin" to
the unknown factor(s) necessary for reproduction end lactation., The deficiency
which they have reported differa somewhat from thst observed by other investiga-
tors in that the highest mortality of young occurred after the 28th day. The
young, which they weaned on the 28th day, were about 15% below normal in
weight, At about 30-31 days of age, very high mortality was observed. The
weight of rats which survived on the deficient diets were 40f below normal at
20 weeks of age. Thers was a tendency for the litters to either all survive
or all die indicating differemces In storage, requirement, or possibly synthesis
of the missing factor. They concluded that the probable cause of death was e
hemorrhage in the fundie portion of the stomach. The walls of the small intes-
tine were very thin and the blood showed high urea values., The kidneys were
enlarged but the water content found in the kidneys was normel. The livers
were also enlarged but no fatty livers were observed., In their preventative
studies, these same workers found that the factor was present in crude casein,
Wilson's 1:20 liver powder and fish solubles. It was not present in purified
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casein or in dried brewsrs yeast, 8ince the brewers yeast did not contain the
factor, they concluded that it could not have been a deficlency of foliec acid,
They also found that it was very soluble in water, dilute acid and alkali, and
dilute alechol, moderately scluble in 95% alcohol and insoluble in petroleum
ether and ethyl ether. It was relatively quite stable to heat, light, air,
dilute acid and dilute alkali and the activity was not lost during the concen-
tration procedures, The factor could be salted out with ammonium sulfate and
was precipitated by basle lead acetate but not by trichloro acetic acid or
plerie meid,

Other workers have found that a similar unidentified mutrient is present
in a wide variety of feeds, Hartman and co-workers (1946) have shown that it
was present in milk, skimmilk powders, cheese, beef and pork musele, egg yolk,
liver extracts and leafy foods and feeds such as lettuce, timothy, alfalfa and
blue grass., It was not present in white, enriched or whole wheat flour or in
wheat bran, corn meal, soybean or linseed meals or in yeasts or egg whitea,
They have designated this unidentified nutrient as factor X. They observed that
in those rations deficient in factor X, the growth rates were considerably low-
ered, feed intakes were reduced, kidneys were hypertrophied, gestation failures
were frequent and the number of young and percentage weaned greatly reduced.
Also, those animals on a deficient ration frequently stopped growing at markedly
subnormsl weights,

Bowland, Ensminger and Cunha (1948) conducted work to study the supplemental
effect of biotin, p-aminobensoic acid, inositel, folic acid, a 95% aleohol solu-
ble liver fraction, and 158 dehydrated alfalfa meal to a purified basal ration.
Thiasmine, riboflavin, choline, pyridoxine, pantotheniec acid, niacin and vitamins
K, G, A, D and alpha tocopherol were added to the basal ration. When the alfal-
fa meal was added to the ration, the protein content was kept constant by delet-
ing part of the casein end substituting the remainder of the alfalfa meal at the
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expense of the suwerose in the bssal ration, They found thet the sdditlon of
the liver fr:ction at the 1.00% level or the , B-complex vitamins had no
supplemental effeet on growth snd that the addition of folle acid alone de-
pressed the growth of weanling rats, These workers suggested that this may
have been due to a vitamin imbslsnce., The addition of the 15.00% slfslfa meal
more than doubled the rate of growth, They also found that the sddition of the
4 B-complex vitemins or alfalfs meal inereased the rate of coneeption but that
the liver paste or folic scid had no effect. All the supplements were signifi-
cantly helpful in increasing galns during gestation but alfalfs mesl geve the
greatest response. These supplements aleo ineressed the liveability of the
young and were helpful in improving the sbility of the femsles to lactate.

The addition of alfalfs meal to the basal ration was found to give best re-
gulte, Reproduction was norssl and an lmprovement in lactetion was observed
vhen alfslfa meel wag added ag a supplement, However, the lactation results
obtained with the alfalfa meal wers still not optimal, They suggested that
the alfalfa mesl supplied an unknown factor but not im large enmough quantities
for optimum lactetion in the rst.

Novak end Hauge (19482) found that s purified ration conteining extracted
ecaseln and &ll the known vitamine wes not satiefauctory for rzt growth., However,
they were able to ob tain 2 pignificant incresse in growth with distillers!
dried solubles. They found that the factor was stable %o hest, secld and al-
kali, It wvas soluble in ether, ethancl snd water at a pH range of 3.0-8.5.

It was also precipitated by phosphotungstic scid and lead seetate. It was not
adsorbed on fullers® earth or Derco but was adsorbed from an seld solution of
Florigil, Lloyds' reagent, Norit and Decalsc. More recently these same vorkers
(1948b) have isclated thie fsetor in a non-crystelline bhut highly purified state.
They have aleo found thet it was present in a rice polishing concentrate and
liver extract. They found that 2 micrograme of this gubstaneces dally would
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give a definite growth stimulation while 10 micrograms per day would give the

paximum effect. In addition, it was found to be soluble in aeetone, chloroform
and benzene. They have tentatively called it vihdnlnmu is distinet
from all the known vitamins,

Distillers’ by-products have been shown to possess a growth-stimulating
factor when fed to swine. PFairbanks, Krider and Carroll (1945a) comtimuing
grosth and fattening work with distillers' by-products and using s basel ration
of ground yellow corn, wheat flour middlings, soybean meal, fish meal, tankage,
minerals and fortified cod-liver oil found that & supplement of 6,008 dried
corn distillera' solubles increased the gains 168 and decreased the desth losses
when compared to pigs not receliving the solubles. When the basal ration was
supplemented with thiamine hydrochloride, ribeflavin, nicotinic acid, calcium
pantothenate, pyridoxine and echoline chloride, they were able to increase the
gains and decrease the death loss from 31 to § per cent. By supplementing the
basal retion with 10,008 alfalfa meal, there was an increase in gain and the
feet, legs, gait, hair coats and skins were more nesrly nmormal tham in any of
the other lots. From a practicsl standpoint, the alfalfa meal supplement was
the most effective, most ecomomical and most complete mutritionally of any of
the supplements used in this test. lention was also made of the fzct that those
pigs weaned from sows given the dried corn distillers' solubles during the ges~
tation period had a much lower death rate during the fattening period than those
pigs whose dams had been on the basal ration alone. This again suggests a resi-
dual effect of the ration of the dam upon the later performance of the weanling
pigs.

Fairbanks and co-workers (1945b) feeding sows the same basal ration as they
fed in their growth experiments found thet the addition of dried corn distillers'
solubles and alfalfes meal, either alone or in combination or crystalline B-com-
plex vitamins improved the breeding efficiency, fertility and the stremgth of
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the pigs farrowed, They attributed the value of the dried solubles and the
alfalfa meal as supplements to the basal ration to their content of water-soluble
vitamins. The beneficial effects which they obtained from the crystalline B
vitamins were in disagresment with the findings of Cunha, et al (1944b) who
found that feeding certain erystalline B-vitanins to sows was detrimental.
Cunha suggested that this may have been due to a vitamin imbalance, however.

In their second experiment, Fairbanks and co-workers (1945b) again demonstrated
the residual effect of the ration of the sow during the gestation period upon
the performance of the pigs. Those sows fed additional alfalfa meal during the
gestation period and the hul_ntionduringth. lactation period weaned an
average of #2,58 of their pigs whersas those sows on the bassl ration during
mmtimmﬁﬁmwmﬂmﬁpm. They also found that there
was not as great e residual effect when the erystalline vitamins were fed as
when the natural vitamin carriers were fed. They suggested that this indicated
either a greater storage of the known factors or a higher comcemtration of the
unknown factors in the natural vitamin carriers.

Krider, ot al (1946a) found that supplementing a corm~soybean oil meal ra-
tion with either three or six per cent of sardine condensed fish solubles
(fresh basis) gave normal reproduction and lactation performance for swine in
drylot. Those sows getting the three per cent fish solubles weaned 92% of
their pigs with an average weaning weight of 31,1 pounds while those on six
percent fish solubles weaned 71% with & weaning weight of 33.7 pounds, The
pigs in both lots appeared normel and healthy. Only 26§ of the pigs farrowed
on the basal ration survived even though they all appeared normal and healthy
at birth, DBetwsen 2 and 5 days of age, these pigs became listless, wobbly and
weak and 30% were dead at the end of three days. At weaning time, those remain-
ing averaged only 17 pounds per head and were emaciated, had rough haircoats,
were 1istless and had wobbly, unsteady gaits. Autopsy of the pigs revealed that
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their stomachs were full of milk, their livers were yellowish, enlarged and
*fatty-like" and the kidneys were hypertrophied. Supplementing the basal ra-
tion with rye pasture proved as effective as the fish solubles. This experiment
sgain demonstrated the reaidual effect of the ration of the sow during the ges-
tation period on their subsequent performance during lactation. In this same
connection, Perrin (1946) found that fish meal was a more efficient supplement
to corn than was tankage or soybean oil meal for growing-fattening pigs.

Krider, Becker and Carroll (1946c), continuing their work with a corn-soy-
bean oil meal basal ration, found that the deficiencles of the basal retion
were corrected by supplementing it with rye pasture, 108 alfalfs meal and either
2 or 4% condensed fish solubles (fresh basis). They also found in this experiment
that the menhaden solubles wers almost as effective as the sardine solubles in
supplementing the basal ration. These results were essentially in confirmation
of those reported previocusly.

Erider, et al (1947) using & corn-soybean meal-meat serap basal ration
found that a supplement of 4§ alfalfs meal increased the rate of gain and de-
cressed the feed required per 100 pounds of gain. The addition of either two
or four per cent of fish solubles to the ration produced equally as good re-
sults as did 108 alfalfs meal. A further experiment was conducted using a
corn~-soybean oil meal ration to compere semi-solid fish and fish solubles.
They stated that, “the addition of 3% or 55 of semi-solid fish from Cod and
Hsddoek, 3% of semi-solid Red Fish, or 2/ sardine fish solubles to ths basal
ration inecreased gains slightly. The results with various fish by-products
wore similar."

Cunha, Warwick, Ensminger and Hart (1948) working with swine compared
cull peas, meat meal and soybean oil meal as a protein supplement for growing-
fattening pigs fed in dry lot. The alfalfa content of the rations were varied
between 5 and 155. They reported that the cull peas compared very favorably
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moderately scoluble in water, 50% ethyl oleohol and 955 ethyl aleohol and was

insolubhle in chloroform and ebher. They alse Tourdd Liwt the foetor could be
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identiend

foobor Trom o9 paruro,.

La engel fantors from liver, yesst or fermentatlon reslduss, Factors

5

5y vitanine L}ﬁ or gﬁl’ synthetis folle acid or pyracin lacione.
s &k o
iauser, Yorrie, Luess and Combs (1946) in compmeing sorbean mesals found

. axpeller peals were superior to the solvendt renlsz. The

& Lhe s;?pr‘g
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batoboebllily wes pocresd on tho hasal soybesn
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viey are ol ths

ing bub inproved parkedly durd

ig & pomgible syndhesls of Uie upknown facbor by tie han or
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opinion thnt @

by nicroorganisss, Thay also sbbalned o growbh response from 2«35 fish umeel,

S

sondensed Uish solubles, liver peste, 1liver meal, choline and folic zeld.
Zerrard snd Chanterlin (1948} using z cornesoybean oil weal ration Found

thet bullb-tp floor litter served as s potendt seuree of Lhe nuvritionsl fuctors,

&

Inelwiing the unidentified mnival protein or viiznin foetor{s) which wus ne-

esasary to supplesent the Ineconplets ralion to sacure optimum prowth. This

eorliar work dome by ubln, Sird aod tothehild

AN

#auld be in confirs

{1946n) whon they obsarved & srowth promobing foetor inm Zen

g affent of btols unddentifiad

:»-V.

Orosehie, Hubln and Bird (1948} studyles tbe

dietary factor uwpon s sezsonsl varlztios in &

tion of dried cow sonure o o

sensonnl varist

ond *;3} i»—»-&

Incrasee iz hatchabilily of oyrs fros hens fod the bnssl retion durle

w6s duo Lo eoprophaly.

3 Hhe oplnion thai

HeGirmis, ot el {1947 bed provicusly shown thal the synibesis of tue growth

faohor occurred safier voldlrg of the faeces and not Lo eny exbtsnt in the dlzes-

Live trosb. They Tounmd thel frozen feoés contslned litvle or rnorne of itus fae-

tor. Tnersfors, the decreased hatohabllity sduring tie winter moptus mey nave
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beon due to tha less fevorshle environmental sonditioms for bacterisl synihesis

durine this period.
Bird, Rubin, Grosehke (1948) have farther identified soms of the vropertiss

of Lhe growih factor in eow manure. They found tiet it was soluble in mnier at
2 pi 3.0 if the proteir had previously been removed., It mas soluble in 605 sacew
tone apd eould be extracted to a slizht extant by rembtrsl ebhancl and completely
by amroniecel ethanol, It was stable wbon autosleved for & hours in s reutrsl
solution tut e&ﬂilyvdeaﬁreye& wnen suloelevsd for 1 hour with 28 hydrechloric
asid, It appeared thst Lhe feebor wes destroyed wien ellowsd to stend dna
8lishily g2lkaline solution or when the solution was drisd.

There iz some diamgresrent in the litersbure as to wiether s specifis fae~
tor is yesulred for lactetion but not requirsd for growlh or reproduction. Hels
son and Tvens {1G47b) heve steted that sdditionsl dietary substznses are ro-
quirad for lactntion aver ard sbhove the requiremsnt for growth or reproiuction.
Howawar, the obacrvabions nede by Sics and Cerecedo (194%) have lead ihow “to
believe that reproduction has dlelary requirements as greal gualilstively zs
lsctation and $hat there arc no gneelffic dletary factors required for lacta-
tior only." They alse found thet “resardless of the diet, the survival of now-
born rats is dependent largely upon their welght at birth.” They fed a puri-
fied ration supplemented with thiamine, ribollavin, pyridoxine, aélaium panbo-
thennte, aipha tocopherol, choline and vitemins X snd U, Other experimental
diets fed containred sneh supplements as folie seid, blotin, xanthopterin snd
nilk. Their observetions were brsed on 117 litters divided inte itwo grouns.
iitters and Group II of ihe

Grour I sme composed of the youns in the surviving

w

young that failed to survive, They Tound that the aversss blrik welgni of the
survivine group was 16,300 hisher Lhan that of the non-sarvivins group. ifhey
glso roted that Lthe oritienl birth welght secmed to be belween 5.0 and 5.4

rrams. Seventyvefour per eent of the surviving youns welghed over 5.4 gus.enlle
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)

in bne Bitters that filed

only 4.1% weighed under % pgrems. Of ths yosu

9

survive, only C.5 welghed over 5.4 grobe. They

rats, Lhe welshic of the younz et blrts be used es the Ulrst Irndisstine of the

sdecuacy of o died, and s
hasis of those youns ir Tielr

bhasle of this thoory wms that of 46 1itbers whish Frilel to survive, 2% of

to survive the third day of laetation.

Yany workers, using syrnthetis robions, nave heen zhle to show Lhs bepafie

.

verions vitanivs of the Becomplex on growbh, reproduction znd

eisl offnobs of

L tie unlde

zucker (1044} Found

Inolotion In ke rat.
Tfactor required for prowth is not alssys presenv in the ususl concentrated
sourees of the vitewmin D-gomplex bul vstner thel it le associciad, wuelier as
sn fwpurity or a new essentisl awino seid, with proteln of good cueliiy.

Sure {1943) demonsirated that peaninobenzole aeld had # favorails inflin-
ence on lactation but apparvently geve no response in growth axperivents. Inosi-
tol, however, seexzed Lo hove g pronounced injurious effsct shern fed =ith his
rations whleh was counberactad hy the peaminobenszole acld., Inositol likewise
showed no responce in prowth studles.

Harkany snd SchrefTenberger {(1943) observsd congeritzl pellformstions in

N, &

be offspring of fewels rats Ded ¢ surdfied dlet lacking ribeflavin., fThose

sarme workers (1944}, svpplescniing thelr bessl rot
thet these congeriiel malfovsutions could be prevented by the addiiion of

Tiver Lo the diet, Tenpedy and Palmer (1945) fourd thnt biobtin wes esssntinl

lson gl Lvens

b1y for lacteabion In rats,

o ey e a7 ; P .
for mpecnssiul pestablorn an

o
5

)

2 waid ls regulred by the

L-o«

svidanse Lo show that foll

18470} nave

ret for sucsessiul lsetetion. %elson, ob al (1946) hLed wreelously reporiod
thet surplezenistion of & purifisd diet with low levels of folie scld did not

produce beneficlial effeciz on lasetetion.



MRS SR ek

5 e‘\ﬁ’
T Y N
%h i i J:,ﬂ;.l[&..&,!"\‘ L4 -évkb Ky w#—thv

L of carwohydrste Influasceed Lhe gutent of Las growilu

obed bust ftue zddillon of corn o tue

developmzrt of unfovorable intestingl lors wilch may

™
ke
fa-3
(<4
&

El

&
*y
o
@
oy
<
Jurs
th
o
o
L4

desbroy nicotinie eeld or theh corn may conlain s substones or substances which
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combire with nicotdnis sell or in

oomey muke 1t unavellable.
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Salmon {M, } praserded svidenee shilch wns in disogrespent with il of

st gl (1946) « vie aarplul eflecis of corne. e Jound thet the

nnd of tub dn ihe dist devernmlired Lie

or. g . IR S 5
mnourt end nature of grelale and Lie o

A

S S £ k- I Y. . & &
regulrement for dielery nicotinic zolds

Sl T e ok Ty : e
Lt OTOWLL HRe e .s.wn-.vvr

256450 cornrasl then with 40,00 cormmesl ir s reatiop soniainiog ©.0° enselin,

o

elther with or without nicobinic =zeid. The irnclusion of 15%.00 lard in &

-2

dizt econtalning AG.0% cormmmenl tnt no edded nicotinie neld caused s

3
-
g}
B
;u

siprificnnt Inoreane in gzroghn, This avthor belleved fast the probles with

dus be boe Larnfal offecis of corm.

divdrobe, ob ind rablion supplesented witdh tilamine,

pantothonic acld, Imositol and pesninobanzole

rikoflavin, prridoxine, chol
acld fomnd thad thore was a delinite relaticnship batwsen the level of proteiln
and the nilestinie seld reguirerert for wesnling pligs. %hen the ratlon conlzined
6,15 eruda ensein spd supplemented with thiamine, riboflavin, pyridoxine,
choline snd panbobienic acid, ard witbhoul nigotinie seld, no mubritionsl de-

ficlensy wes nobed exeept » gliphtly lower rate of saln, Fowever, when tie

ration only eomtsin erude cussin, ths omlssion of nieotinic scid re-

gulted in slowor growbh, rourh heir coal, diarrhes, poor sppetite snd severs

aneslae.  Thie wonld sugeost slose nubritionsl relabionship he=

twgen grobedn and nleobinie acid.
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Powick, Ellis, dadsen and Dele (1947) using s purificd basal diet containe
ing 25.0% casein supplemented with ﬂcesssor3 factors othor ther nicotinic aeld
observed a highly sigrificant depressisn of growti, conspicucus impairsent of
appetbite, s high Iincidence of diarrhes, hich mortalliy and e hizh Incidence of
necrotic lesions of the colon and cacum, The sddition of nicotinie seld seemsd
to correct these symptoms. They found thnat g lewel between &.Gvand 1.0 mg. of
nleotinic mcild per kilogram of live welght per dsy appsared to give optimal
growth for growing vigs between thrce and nine weoks of ape,

Further sbullez on toe nieobinie scid requirement of plgs have been neve by
Loucke, ot sl (1940). They ussd n corn-soybean oil meal ration plus easein,
wminerals and libersl smounts of thiamine, riboflevin, pantobhenic acid and
pyridoxine for weanling pigs. The deficlency symptoms of ricotinle zcid de-

veloped in four wesks. By feeding 4,l-tryptophane to these pigs, good growth
resulted. The aidditien of nicobinic scid to these plgs resulted in s smaller
incresse In seln snd 8 less healthy appearance than when supplemented with
tryptorhane. They copeluded from their resulis that both tryptophane and
nicotinie seid are nesded in the ratlon which was used and that tryptophuane is
the pore critical mutrient of tho two. )

Powlek, Ellis and Dale {194€) using a modified :urifisd ddet containing
aorn and ensein or gelatin wers able %o correct Lhe symploms of & nlcotinie
acid deficient ﬁiét by the addition of crystsliline nicolinic acld, A similar
dlet ut of a lower bryptophane content produced deficiency symitoms not entire-
1y aorracted Ly nilecotinie aseld. Thelr rasults sugrested that in peneral teyplo~
phare would zel a8 a substituie for nicobinic seld bBut lthct nicotinie seld wes
not complstsly effestive as a substitute for tryptophane.

Gther workers have also shomm the need for viteming of the B-couplex when
Pfeeding natursl rations. Cunhe, et al {1543b) found thet supplementing &

natural ration with Inositol pave & growhbih response and alsoc cured and pre-
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-agtad Lhnb the

vanied & wldespread loos of nair in 4iw reb. Those workers 3

poytin present iv thedr rotion sas eilhor inudequabe to supply the reguired

inogitol or thok It was upavailsble.

Anobther vitendie waish hon beap foung fe be beneficicl  for saceassful rae

 witamdn . Frown, eb al {1847} clserved

zales walsi wers relsed o maturdly on o gymisetic diet dellielert In vibwnin
Ky ther fad s 4ot deflicient in lurd apd viltepin ¥, snve birlh fo offfep
that Bzad a niph Incldence of Lrein hemorrbages, web of Limse youn: wers aibher

during the flrst bwenty-four houra, 3owme, howsver, do-

1‘“:.;:.32» % ’ ‘ L L LR PRl »,zs. Thiz comiition
zoes bebusen the elaventh snd twenbty-first daye This sondition

beapdn recudresents of swine

e soriars heve deronstrabtsd the vi

Yarious ot

lectabion, Ven Foucke and Lrider {1446}, usin: &

1ol o s

Por rosti, rapr
basal puririsd dist deficlent in rivoflavin, observed seversl deficiency symp-
tong among which were extramely bi:lekened skin, enlarged spleen, anesla srd &
lizut grey discolorobion of the kidneys. Those pius receiving the highest
suilesent of eiboflavin duily, 3.%6 mg. por 100 pounds live weizht, were the

1%

wost bhrifty, bed tha hirhest dally rab

zadn ant bed  tho lowest feed cons

v, Thege resulis Indicnted that riboflavin is sasocisted

sumpbior per pound of oni

wibh the ubilization of fasd for growii. Ferein (1846) found tiat the sddi-
tion of choline Lo & corpesoybesn oil wmsal wetion asnd ¢ depressing sffect
upon rete of gsin end §&il§ fosd consunpblon,

In order to demonsirgte tis vitarin requiremenis for renroduction and Ise-
tation, Ensminger, dowlsnd nwnd Cunhs (1946) fed gilis a purified reiion supple-

< and the Becomplex wibauirs, nilsciy, pantolhenis

panbest o

$n, - I 3:
bolns dee-

4{)’,3* 11

ration was evidertly deficiernt in sore unknown faotor. The thisnine deflicient
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vortality of
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ratlop deflclent ir riboeflavin exiibited s lozs of sppetits, an
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rasorption of thio developing em-

abnermnslly sarly parduritlion dsie and

d withds furby 2icht Loses aed exhiniied mary

bryos, A1l YMive plgz gb Bieth o

E)

shrioyealities, There weg a besavy mortality of jouns wn the riboflsvin defi-
elant Alet and the pregoeney salns of Lhe sows mers pavenint less tian thw

3

farroued sore wark,

af’ the agws on obher rotlons,

i legs” ord

e

bl "sprs

¥ oselloy corn, Lo

Fulrianks and cowwo

menl, soybesn mesl, alf LoLhe adddiion of lmllel oals
would dmprovs bhe growth rale of wesnling plas In drylot., WThelr results indi-

- behter porfornance of the plos receivins vulled oabs may heve

ented
rodion or ot bhe llel asis
mispliod on ok

yien ol deficienciss of a corpe

Sona Invasticators, In studying bl

ductlon ard lsetation in seine,

soybaan oil meal rotion fov suscossful raoj

ara of tha opinion Ehsb there wes sorme esseéntiel nubtrient lacking in tie milk.

A

Therefors, %'ars have bear rather recent stiempts st relsing oizs on & syn-

thetic milk dist lmvedlaioly afler ferrowlng, The resulls heve bhoen somewiwd

varisble. Bustzd, Har and Cunha (1847) plsced pizs on o synthetic milh diet

survived nore than 22 days.  They

I

jately gfter birth. Yone of thelr pips

ohservad & severs disrrhes, an unthirifty cordition szl the presence of 2 dark

L)

swbins the retion wlik crwie cuseln,

sxudate sround tha syves of bhe
lectoss, 13120 livar powder or anti-permiciocus gnenis liver extrsei ;mve no

pavent resalis. Anderson and iogon (1947) howsver, were sble o obialn wood

resulta with # synthellc wilk  dist supplesented wlih ell the known vitasins.

rhers 434 nob bagin Lthelr experiment wuntil afber tha tudrd day so thal
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4 rocelved onlosirusm., Jolmson, Jdanes
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n2 irider (1947) suseessfully



thor weaned on the twenty=-{iret day
used to deb
gt weaning end (2) w

perded, including only thiwese fewalen wmeanin
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(29472)

noay parded

& .
T pape

experizanial |

ard young wserc welrhaed every Tive ino roung were

3]

after parturition. The ecriterls which they
ersine tihe sdequscy of L rotion were: {1) eversge welsii of young

chiange  of lactating nothers during lhe twenty~one day

flve or six young. They fourd

%

Shet the defflciencies cbssrved using lhe shorieterz procedure ware almost as

im the lonpetern experinente. Uy using this procedure, tus tize
Ly at 3 y "L owAS Y vt T FAPay Sexd
o2 shing on experinerd was orestly decresssd.

dore recently, Mekes, ob ol (1948) have isolate? u erystclline compound

thay huve desipmated as vibamin Byp.  Uaord (10417 has shoun
viltamin By ds eltasr sholly or partizlly responsible for the LID
lus loobis Dorner) srowth activity observed Iron tis liver extraots.
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s heve beer peporbed to comtaln w

ceitien, Ohe glolted tonbe

"ihe LLD factor setivity occurs in feirly nigh amcunis, in
approvimetely deeressing order, in a papain digest of acld precipi-
1te fron cow mamure, the scid precipitate from cow manurs, fish

meal, panereastin, papaln, ez wiits, egy yolk, and in lower smounts
in slcoholls extract of whe;, potassiun permsngerete-oxidized aleo~
holle extract of whey, soybesn il mesl, gelatin, zeln snd dylase
Fo enzyme. The T factor actlivity Is also fourd, in approximately
decressing order, in the pupeln ’i~cst of scid precipltate fros cow
marrs, bWhe seld pr%cipi ate of ecow marure, egy yolk, papain, and

i

pahcrﬁﬂtir, tut in much lower amourte in Zish meel, alcoholic ex-
tract of shey, soybesn oil meal, crude empsein, eg; whits, zein, ~ylese
V. enzyme, potsssium permanpenste~oxidized sleoholls extract of whey,

and go

these materisls cupge

tion of tﬁe 170 end TY fretor sotivities in

e involved in ondeber subpiiion,t
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OBJECTIVES OF THE EXPERIMENT

To determine the specific nutrient or mutrients needed by the rat to pro-
duce normal growth, reproduction and lactation when fed common swine ratioms.
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BYPERT
Procedurs:
The female rets used in Expariment I wers of the Sprague-Uswley Sbrain,

4t the tinme of wenning (21 daye

Basal Hatlon #2

Ground yellow corn 68.85%
Expeller process soybesn oll meal 25,00
41felfs leafl mesl 5.00
Caleium carbonate 0.65
Todiged ssli G50

Egoch female received two drops of cod~liver oil plus the equiva~
lent of 1 mo, of alﬁhn tocopherol deily {=d weekly by drecper. Esch
gran of the ecleliver oil conbnined 20,000 Uu8.0, uniis of vitomin 4
d 4,000 U.8.P, undts of vitamin U,
The following smounts of crystalline vitamime were added Yo eazh
kilogrem of retion: thlamine 4 mg., riboflsvin & mg., pyridoxine
| hydroehloride 2 mg., caleinm pantothensts 20 mz., nlcotinic scld
20 m5., choline ckloride 1 mge, folle ncid 1 mg., Inositol 20 ug.,
ani peasinobenzole scid 20 my
The rats were conbinued on this ration until they wers lovuriteen weeks ol
ape, at which fime they were divided inte elpght lots of elght females each.
The rotions fed eech respective lot are shown below. Tasse retiops were fed
throughout the roproduction snd  lactsation perlods.
- Ration
1, Dasal 2.
2. Basal #2 # 1120 livar powder reaidue (Fraction 1).
3. Bassl 42 £ 1:2C liver powder insoluble in $5% ethyl slochol
(E r&ntign ;;‘,) -

Basal 42 £ 1120 liver powler soluble in 95§ ethyl aleohol
{Fraation 3). |

oo
]
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5. DBasal #2 £ Norit filtrate of 112C liver vowder soluble in
o5 athyl alcohol {(Freation 4).
6o bagsal 32 £ Horit eluate of 1:20 liver powder soluble in
G578 etr*yl sleohol (Fraetion 5).
7+ DInsal #% £ concentrated injectahlas iver extrzot (ladarla).
2, Basal 42 4 2% 1020 liver powdor,

The liver frastions fod lots 2, 3, 4, 5 and & wern a:idnsé st a rate of 2~1/
aculvolart of 1120 liver powder. Lot 7 wes fed the basal ration #2 and eaeh
forale way slven a 0.2 ce. Inbtramasenlar injection twice weekly of & commer-
elel anti~pernicious snemin liver exiract (Lederle). This extract contained
1.5 1.5.7, injectable uniis per ce. It was injected on the inside fleshy por—
tion of the thiph with & 1 co. tub ermli;n syringe, Lot € femalss wers fed

the basal ration plus 2,08 1:20 liver powder. All supplesents were added at
the exponse of the whols ration,

Eﬁklaﬁ from the &taeir colony were nlaced with the females 2t 4he Uips they
wers vgamged on tha *ii*‘emnt rations, The snles were rotated amons tle diifepe
ent lots every four deys so as to reducs the fullure of eonception due to possi-
ble sterility of the males. They males wore left with the feusles for two
weaks,

The liver fre ‘-tiem wera gl} preparsd rom wil,aoﬂ’a 1:20 liver concentrate
POFIOT. ‘-BM eart of Lhis llver powder is enulwalent to twenty parts of fresh
liver. The liver frections were prepared ss followst Five kilograus of the
liver powder wers rdissolved in approximstely six liters of cold 70¢ ethyl alcoe
hol. The mixture wes heated on & stsam bath to s temparabturs of 50609 ¢, The
material not fully dissolved was put through a fire wire mesh sereen until it
was homogensous, The material was filterad with suction snd the precipltate
was repeatedly axtraoted with 705 ethyl sleohol at 50-60° ¢. The extraction
was repested four times using three liters of aleohol for esch extraction.

This rave & tolal volume of soluble maierial of betwesn sixteen and elghleen

liters. The conmblned exbtrecis were relfilisred to remove a smell amount of
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precipltate o

. S SV 3 ey 3'1F e
ghich was irsoluble

y sonpired

and wae Arded in o vacnum over. It wes Tinally dried sb & tenpersiuve of 100°

It was Lhen rreumd Shvoush a food ehopper srd furbhber dried

¥

Witse  Fhe resldue wes finally sround Lo pass

rcobion e

Thia Proetion was M

The fractlon vhiel was selutle In 705 ethyl aleohol wss concenimted Lo g

very talek syrup, bhes extracted ropeatedly widh 05 abhyl aleohol. Tha first

two wovtions of alsohol wers shoud two liters ssoh and sucesssive portiens
wers chogt 500 ool enmclis  <hen the materlal becane the consistency of taflfly,

absoluts aleohol wag aubeiituted for the $5% ethyl aleohol. These slechol

zndl concanbrated uwier reduced pressure. & seeond

solutions were o Tt
precipitaiion with ebharol wes corrded oub ps befors znd the Insoluile frac-
tions sorbined, 2 poriion of the 957 alechol soclubl: fractlon sng fed 85
rection 2. The rersinder wee usged for o further Practlonadlon.

The residue from the extrustioves with US4 aleshiol s tritursied wibi
shsolulc aloohol until it sould ke Filterel. Approwicabsly ome-lenitl of tals

s wes dissolved in 300 coe of 0 otlyl sleclol. ihis was

or rouchly 100 2
Fraotlon 2,
gvoroxizaioly P00 en. of the comconbrated frastior soluble In 955 eblyd

K % Fpog X0 P O DFTCR TN S [ 3 AP X I e
e oo pioof o5 miin concentrated N0, Thls jportlon was

sdaos with 15 sranm portlocs of Nordd & (Pfansteill Chemienl

Co.), ti earber residues beinp saved afler esch axtrestion. At tom end of the
five extraetions very little decolorization of the $5¢ ethyl aleohol smoluble
fraction wag observeld. The wolume vas reduesd under pressure to 500 cc.

This Nerdit filtrate was Fraectlon 4.

A1l of the earbon residues weare conbinmsd erd elubtad six times with 258 ea.

gortions of 53 ﬁ?éﬂﬂ ir ©5% ethyl zlechol. The eluate was very dark In ecolor.



Mraotimmstiorns of the

This alusie wzs Frocbilon 5. & sraphic ousw

liver powler is given in Figure 1.

FIGUEL 1.

1:2G Livar-Pcv&e;éi

70

Ethyl Alechol

Filtrste Concentrated
end Extracted with 95
fesidue (1) Ethyl Alaohol

L Fraction Soluble
r&cﬁior Insoluble 1 4n 955 BEtayl
in % §z2¥1 Aleohol Kleohol (3)

Horiy added

Horit

sdsorbate
Yorit Filtrate (L)

Hlubad

Torit Liluats (5)

The Temzles were woelpbed weekly and iIn sdditlown, they were welghed Iomedw
iataly after perturition snd g% the Lime of weseirg the young. This was done
in order to oblnin the gadn o losz in welsht during the lnctetion peried,

£% lesst two deys prior Lo parturitior, the females were pleced in indivi-
dugl coges. The bolloms of the cagea were coversd wilh one Ined of wood shave
incs to serve sg  litbor. The Tepd end weler wes supplied gd 1libibpm in Indivie
dual separate Slnss contalners. 4s soon after parturilbion as precticsble, a
rogord wus naode of the tolel mumber of yourng end the mumber of live youny re-
saininz. Thls eount weuld zol be correct ir all coses sines it was observed that

aoms of the woung vhich were desd at birth were eaton by the mother before they



411 1itlars sovtaining siz young the sgecond doy alter pariuri-

v

tion merc reanced to sis, When ftho rumber of yownsy wes reduced to six, ap
attenpt was wede to keep the libblers as wunifurs ss possible from b stand-
EY

point of sex. In those Litters of six live young or less, the faomslss were

sxzpeceled o ralse xl1) of those youny. I sose of

first forty-eisht hours in sue

& ) 2 —
bo rales.  Hows

eulation of the dule of she n
ever, Lhose "onn~ waleh died during ths Pirst fortyesichi hours aftzr Birdh in

live youry were nob incluled in the murbor slwen

ot

eroviding the number remaining was six or more. [or exars

e 2 D w e &
¢ Lo raise. A femele having

raise alx youny,
&t approximetely one week =fter parturition, the lepale and her young
G Pom from the cages aontsining the wood shnviu? ¢ coed ¥ -
wers vouovedl from i ges conbaining the wood shaviwrs and pleced in indivi

dual wire Lotton ceges. Food and waiter contimed to be supplicd ad libitun

in Individuel combalnors,

Ths youns were weaned al 21 days of spe and the tolal welpat of the litier

"

wrs oitdnined, After wesnins ithe Demxles were contlinued on tis 8250 rations es

on gl lactation period anl the youns wers ulszesd on an

adequaie stoek ration.

Remalis:
Phe ¢ the vesulie of Experiment I are siven in Table I, Thess

wars anatyrzed statlsbioslly by the snslysis of varlance nmethed of Snsdecor

Jo  Thorz were nu recorpbion or toxenis deaths encountersd in this experi-



Shere wos vo significant

ared in each lof Lud

pend, Sore sterllity wmas o
dif'ference bebwean lots in tals reqmrd. Lot &, reeslvines the Nordt sluate,

had Bhe spallest  1ittars at birih and also weanad Lhne fewest numbsr of litters,
ot 7, receiving the mjectablc liver exbrsct, ued tue hiphest percentage of
desd youns ob birth but weaned the largest percentage of young. The bzssl ra-

tion hed the hizhest morteliby of youns durdng the first forty-elsht hours

N AY

snid also weaned the ssallest oercentaze of young.. <sny of the young whien
died hod nilk In thelr stomachs indieatlny thst milk wes available. The
¥ Ty

younz fron this 1ot wers llghier In welzit ot weanive than the averess of the

rast of tho lohe In the ewerdmant and this difference was simmificant st tue

1% probability level. Iob &, receivins Gilsenls 13230 liver coneentrats pomdar,

wad

snd Lot 3, receiving Fructlon 2, asd toe alguost everage weaniny walghis,

$bvgs

There was no significart difference betwesn the weanin: welrhts of the sowng

In eorparing tie Yot fed the froetion insclulle
in 45 lachol {Lob 23 with the ons fod ths frsction soluble in 955
aleonol (Iot 4}, 3% was found tard the sesnivy welghts of the pouns of Lot 3

gare higher with signifieance 2t the 12 level. This would sugcest thot the
sctive Tactor of the liver powler was realiily soluble iIn 70% etiyl aleochol,
but less solubls in 957 ethyl alecohol. The lot Ted the Horii eluste (Lot &)
mprodueed heavier rats gt weanlr s than did the lot rageivinz the derlt Tiltrate
(Lot %). Thils difference was simnificant st the 17 lovel. Howevor, only 56.G5
.

of the vouns riven the fomsles to ralse were weoned in the Norit eluste lot,

o

wheress, 70.275 of Lhe vomy wers weaned In the lobl racelving the Toril £~

forit eluste had only

trate. Two of the litters born of those recelvin: ih

onag youny euch and they failed to survive untll weaning.
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Procsdure:s

The Terales used iy Lxpariment 14 were lle ssbwe =2z Shose of txperimert I,

fernles were conblnued or tue sene retlors ss tuose used in Lxpsrdis-t

Those walch were sterils ir tie Iirel experimont were devbraved. Alse, those
oh developed any unthrifiiness or respirelbory disorders ware ronoved {rea
the experiment. This eccounts for tie reducsd nunber of femslos in the sesond

trial. Taese fensles w 24 ab sboul 8 weelks oF wye to nalss from the
trial, These feansles were mabed ab 14 i b Crom Lo

ana manner &8 In bxperdiment I,

ferale

3 T il BT XA R .
hed waekly and In oddibion, Lhe w

o

Iy after parturition and ab Lo Sine of seaning

y‘-‘)‘,i: ;v

provodure whish was followel ot e tive ol parturiiion snd durliny lthe

lactetion peried was the sere as that followed in Lxperiwent I.

The younz wers weansd whan taey wers 21 deys of spe.  In sddiliior to the
1itter *«:.‘:‘ai*}‘( y Infividual weandny weighibs of the young were oblsined. After
tha young were weaned, the feoales were dastroyed, Due 1o toe high incldence

of cclds and respirzbory dlsorders sncountered in the second trisl, tiads was
the orly exreripent In which the femslos were carried throush a second repro-
duction and lectation pericd. It was decided tiuk aseh experiment should be

21y

conducled with n new group of fomeles, thus mabin, ias experizent more oo

somparably as to sge and previons nlstory of the experisenitnl anlimnls.

The resulis of DExperiment I4& are summsrized im Teble JI, These duls were

tabistically by the analysis of variance method of Snolecor {1040).

8
&
o
Ey ]
2
sl
0

Sl AR gt g o W ol ens
WIvD rlff:\t “;'.31‘&:{“&3&,43:.w SEHRLT

sluo weansd the lowest percontsre of vouno. lowever, due o the snell pusber

of ferzles in meny of Lue lobs and somewhot wmore uniforn weaning selghis, neo
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statisblcally significapt difference Betwaen tie wesning welghts of Lot 1 and

thome of the othsr lots of the szxpoviment werc found. Lots 3 und 2 agsin nad

the hizhest weaning velghts of rouny followed gulte clossly by thowe of Lot 7.
There was no significent differcnce Letwser tie wenning wolzhls of Lots 7 and
€. Lot 2 had the hirhest nupber of young dead si birth. The young Trom Lot
3 wore hesvier szt weaning time then thosze from Lol 2. Thiz srovided addiilon-
al svidence tlot the notive fuctor wag seluble in 760 sthyl aleohol. llowever,
in this experimort the olight difference in weaning welghis bebwesn Loto 3 und
L wna not statistieslly sirnificant.

One striking differsnce hetween thls exporizent asnd the previovs onss was
the differsnaze belweon the lots reeelving the Horit fllirste and the Horit
eluate, Those young from the lot recelving the TWerit filirate were much
heavier st wsaning then were thome receiving the Forit elusie. This differ~
ence was simifiecant et Lhe 1% level., These rasults were in direct contradice
tion to those observed in Gxperiment I, Only two litiers were weaned, however,
frsﬁ the fersles recelving the Norit eluste., Tue percentemye of young weaned of
those given the femzles Lo relse ses arproxisstely the sape 1n bolh of thcsge
lote. It appears from these data theb more experiments neod t# ba condustod
before definite coneluslions cen be dramm as Ue the behsvior of Lhe sebive
factor when traated with Norit. th bthe exesptlon of Lot 7, the percemiage

$ roung weaf&u of ?Eese given the females Lo ralse Inersased in % Ixperinsed
I8 as pompured to the resalbs of Lie Tirst roproductien ard lactalion Bxpori-

g. o lm

pent I,
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Procedurss

: out in thes Review of Lilersturs, taere is some disegreepent

s Lo whebher ihere is & facbor reculred for revroduetion and lsebation in
sddition to thel required for growtn of the ret. This sxpariment was desijpred
Lo test wiisther itwo factors existed and Ho deronstrate nossible differences,
if any, belween them,

Pormle weanling rets of the Spraguwe-Dawley Strain welshing betwesan 50-60

ans wers equaelly allotted according to weliyit and olsecad on the exserimentsl
rationy  shown in Teble IIX. There wers nire rats in eush of the Tirst six

lots and elght rats in the other three lobs., They were {wd in wirs ocncoes, two

rats por care, Uue Yo s respirstory disorvder, one wat ned to Le renoved fron

o

anch of Loto 2, 4 ond &, The fesd and waber wss supplied g a0

2 Lo mosgure the puanblily of food esten dally. A11 tihe rats
recelved two drops of sol=liver oil plus er equlvelont of 1 mg. of alpha toco-
piiercl daily fed weekly by drogper. The rsticns of Lobs 4 and 5 were supplee
mented with erystslline Ow-complex vilsming =5 shown in Teble IXTI. The ration
of Lot € wes supplesonted with the Vorit eluste of that fraction of Wilson's
1:2C liver powder soluble in ¢537 ethyl aleohol {(Fraction 5). This was fed at
8 level equivalent to 2% 1:20 liver concentrste powder in the ration.

The fermales on this growth experdment wers welgbed weskly for a period of
Tive westa, 4n sttempt mas nude to welipgh then under as nearly the same condi-
tlons as possible esch wesk. In avery csse ithey were weighed lmredintely sfter
feading and the welights reconded.

At the complstlon of the five week growth perled, lasse femsles were
an

placed on reproduction and lactation Experiment I, Those females in Lots 1,

2y 3 and 4 wers fed tho bassl ration #2 used in Experisent I and JA. The Lot

5 Pemrlss were aliminated from ihs exparirert. Ilo% & was placed on bosal re-



~ost
Hlw

0 liver coangentrals powiav.

Lot 7 Lot &

Ground vellow corn TELE5R Ground yellow oorn
Yitanir test ﬂﬁ»ﬁ%ﬂ(@ﬁl)lﬁ,ﬁ@ Expaiier

SEES SOV
nlf?lfa 1eaf siaal 5.00 beay oil
Salodun ourvonste ﬁgﬂi Flah solub
Ioadliae 1,50 ;iﬁlf“ lesd ool

tinleins carborste

indzz,» snki

Lot © vas orovided basel ration 42 vilus Fraction 8 fed in the previouws sxperi-

monts, 411 of Lhese vetions wers cupnlemented with the same sdded vibos L5

in Sxperivents I and IA,

TAPTE IIX

Lot lio, 1 Z 3 FE LIS S ) 7 & Lol ks
% Pasal
Proe)

fr. y2llow norn 76435 &8, ”5 (3. ﬁ 63.&5»§f 13 10 76.35 .33
Soybean ol meal 17.50 2 5 ( R 2 4all 3 n l?ggu
&L Pe mes)) 5.00 E
Casein (Vitamin frse)

1320 Liver Fowler

Fish solubles

Caleiun esrhonzte L5 0 W65 65 65
Inddget sald B0 W80 50 W80 L8000 S50 « 3G

whiots L and 5 were supplemerted will coyshalline U witanins
v of foed ns follows:

™ Ufol&V¢ﬁ, & mg.; pryidoxine, 3 mg.;
Ca sy nleotinis reid, 20 mg.; oholine

1nlor 'ﬁ, 1 ww,, TQI-, soid, 1 ee § inositol, 20 meas
and pars amdnobenzeole acli, 20U my.

ifo

G was supplemented with Uorlt eluste from 1320 liver powder o0
h#

the equivalent relte of 2% of 1:20 liver nomder In the ratieon.



37.

At 17 wesks of sge, those Tomeles fed basal ration #2, Lote 1, 2, 3 and
4, wore redivided Into three lots nrd iven tiw mbilons shown below. The
rations fed tie other {our lobs ware those used from the eoneluslon of the

growth trial to 17 weeks of sge.

nhion

asal /2 # Hortt £iltrate of 1:20 liver powler insoluwdle in
95% ethyl aleohol (Fraetion 5).
2, Basal #2 £ Vorit eluste of 1:20 liver pomier insoluble in
- 95% athyl alechol (Fraction 7.}
Le Basal F2 £ 2% 1120 liver powder.
Se nge as Lat 7 above,
’:{2. .1 PE Lﬁt g &bDV‘Q;
7. dasal 52 £ Yorit eluate of 1:2¢ liver jpowder soludls in
otf aikyl eleckol (Freetion 5).
A1) liver fractlons wercs sdded at an equivsleni rabe of 2~-1/27 1:20 liver powder,
Since belter resulls hud been oblained in Ixperiment I and IA with the
lfvar fraction soluble in 7% ethyl aleoohol but insoluble in $%55 eloohol an
abienpt was ande to further best the prropertiss of this frection. & portion
of thils fraction was dissolved in 70% ethyl alcohol and tas pil adjusted teo
2.5 with concentrated HCl. I was extracted five tines with 15 grar vortions
of Horit 4 axd the ecarbon resﬁdues were saved sfier ench sxtrsetion. Tha vol-
una of the Nordt filtrats wes reduced to 800 so. ond this was fed as Fraction 6.
211 the cerbon residues were combined as befors and eluted six tizes with
25% ce. portions of 5% L 04 in o954 ebhyl slechol. Ths elustes was somewhsl dark- -
ey than tho eluste from the 5% slechol soluble fruction. This was Prastion 7.
These fenales were mated sl 17 weeks of nge to frles from tiue stock
eolony whien had been receiving the stock ration. The melos were rotated be-
twsen bhe aE iferent lots in tis sewe napyner gs in Experiments I and I4, The

fosnles ware moighed weekly, luredlalely after part&rinioa and at ths tise of

weanins the young.



Un the second day after perturition the mumbor of young in each 1itter
wer redoced to gix, The menner i which Das youns wers raduced ond the
ealenlation of the lsctation perforsonce eas She ssre as in Lhe previcus
azparimaﬂtﬁ, 411 of the youny were wesned ot 21 days of &9 and e indivie

dual weening walzhte teken.

Remulist Orowth

The resulis of the growth period ave piven in Table IV, These date were
snalyzed stetisticolly by the anslysic of veriance method of Snedecor (1946).
There was no stabistically sipnifiesnt difference in growth retes of the fe-
meles among the different loto. In  geraersl), all the lobts made the grealast
cain during the second weel, then the pains decreassed guite rapidly. The
lowest gaine were mede during the Pourth woek. Thls was followsd by &
slight ireresse in godn Suring tae PIPLA and Pinal week. None of the fenales
davelopad any abnormalitlies during the course of the experimesnt. Those lois
whish received Wilson's 1:20 liver powder had s nore healthy sppearance and

sroother hairconts tut thils wss rot reflscted in the rate of gein, lots

g
b,
ey
o)

4 and 5 which received the vitsmin supplerert mede s 5lizhily higher rate of

then 217 the othor lots ut this mes rot s statlsticesly significant

i

3
=
b0
ok

differenes, The Tenge in differences In gain in the individusl lois wes
sbout the sape prd wes apparsntly due to the irndividuel differences that
existed amonc the females., From the resulis obtained in tiis experiment,
the eornesorbeen o0il mesl ratiops produced & fair rate of growth but none of
the growth rates obtainsd wikh these femalos would he considered opbtimim for
this revtieonler stape in  thalr development.
HBesults: Teprojuction and Lectetlion
The suprsry of the results of the reproduction and lactatlion pericd of

Pxporimort I is given In Table V. Thesa resnlis worz snalyzed In the game
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Pish solubles® A 28.7 3.4 23.7 16,9 13.0 2344
Ce Dasal 2 - 7,55 8.0.4.1 f Norit

aluste of 1120 L.P, soluble in

957 ET0H (Fraction 5} 29.5 35.5 E7.1 IR.7O17.6

2

2o
[
\n

3”arn replaced thue 7.54 soybesr oil mesl.
f“mmein sdded £l tie expence of corn.
1:20 liver powder aﬁiui ab Lhe expense of soybesn o1l peal.
4iorn replaced the 17.255 soybesn oil resl.
Iasein added ot tie expenge of soybasn oll mﬁﬁl’
6p1sh solubles sdlad ot Sie expensa of sorloegn ell

4isd, upon post morier examination, bmd eizht distinet plasentsl sibes bub there
wag no eyidencs of resorbed

no noblosable min

sorpbion m

e fenale woleh dled in Lot 2 ware wery sinilsr Lo ihose

founsd Lo hnwe gevaen
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fully developed young. Advanced post morten chenges hsd oceurred prior to
examivetion, muking it 4iffiewlt Lo recomisze any distinet abmormslities. The
femals in Lot 8 waich died bad ten fully developed yourg., In thls cose there
was & conglidersble hemorrhage ir the uberus zs shows by blood in the wvapina,
and gsope inflamcation of ﬁﬁé lunss. There alec appesrad to e sope fably
degeneration of the liver. In bobh of tue latler casas, ro shrormslities
could e detected in the youn: and there were no Inlisstions of reserptien

of the young.

In this exporiment, there was & higher degrse of sterility of itbe femules
fed the basal rotion #2 then in the previous exﬁariments Lut thers was 2 mueh
lower mortslity of the young during bhs first forby-eight Lonrs and also g
hicher percentsre of hoavier young weansd. any of tihe young which died were
found to have wo milk ir  thelr stomschs snd apperently died of atervation.

The ration wilch seemsd to be leset sdequate for lsctation was that ration in
which vitemin test casein was substituted for the soybear odl mssl. Thesa fe-
malos had large vigorous 1itlers but a very high percentsge of the young fail-
od to survive tha first fertr-eight hours. OUnly 20,514 of Lie young ziven the
fenales to raise survived until weaninz tine, This sugcested thet the actlive
fuctor(s) necsssary for opbimum Jactebion wus not present in purified cassin,
and that substitubing purified caseir for soybusan oll wmeal aggravated the
deficlency.

In %his experimert, thosze ferales receiving [ish solatles weenad young
‘having the kighest weaning welcht of any of the lots. The young of this lot
ware puch heesvier at wesning than those in the lots recelving the liver powder
and the liver powler fraetioms. This difference was significant st the I3
lavel. Ope strikins Peature of this experiment was the fallure of the 1ot re-
gelvins the liver povdsr Lo perforn ms well 2s in $he previous experimentis.

Tae parforsanes of those Pamsles fed basal ration 2 was superdor to the lot



Exporizent 11

Basal 42

fmesl 42 # Horit filtrate of
1.7 Frecbion ins, in $5%
ETO3 {Fraetion £)

Bagsl #2 F Sorii Llusto of
I.?y Fr&ctiﬂf‘ I""Sa in 9’5;:*
LU (Frastion 7)

Basal fo £ 25 1120 LR,

Same ps 1, oxcaplt cuseln muhe
atituted for S.0.H,

fasal 52 £ Fish solubles sube
stituted for part of 5,0.7.

Saoal {2 # Norit eluste of
1:2C L.P. soluble in U5%
ET0H{Fraction 5)

TABLE V.

Heproduction snd lactation Dats
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fed liver pewder. Alss, Lhose fepalss recelvivg liver {raetions ¢ and 7, lols
2 anl 2, wesned young which ware neavler than were those of females in lLot 4
recelving the 1:20 llver powler. This 41fforence was significant st &he 51
level. In comprring the performanzes of those lots receiving the Hordt f£ile
trete, Fractiom &, with the Norit eluats, Fraction 7, It was found thet the
perfornance of the iot recelving the Norit filtrate was smch superior. Thils
lot had less sterility, larger littars, # hirher pereentage of llve young at
birth, greater survivel of yomy during the First forty-elpsht hovrs, a higher
percentass bf youn:; weansd snd heavisr youn: at weaning., The difference in
goanins welghts was signifieant at the 5% level of probebility. Shis would
suggest that the active factor nas wot readily sdsorbed on Narit.unﬁer the

partiouler conditions employed.



Procedure:

Since Hoss, of 2l (1942a) hes demonsirsted thal the performanca of the
ret recelving eorn~soybear oil neel rotions closely psrellels thst of swing
and Cunha, et al (19485) ond others hsve shown that e ration contairing 151
8lfalfe lenf mesl willl give sstilsfactory reproduction and lactation yerfbrmgneé
in swine, the bassl ration F2 wes changed in order to tast some of the propere
ties of 21fplfe meal.

Tiae fewslos usad in Experiment III were wesned from the fowmsles in bxe
perirent I ond were fod & stock ration from wesniny until they sere approxi-
wotely seven weeks of sge. Ab this tlme they were divided Inte six lots of
seven femsles ecche. The rationz fed each raspective lob ars shown below.
These rations were fed throughout the resaindor of the growth perisd and {he

reproduction =nd lsetation pcrinﬁ.

Lot Ho, fation

1. -
e Besal #3 F 15% alfalia leaf meal.

e alfslfa fraction insoluble in 5% etayl alsohol.
b : alfelfr fraction soluble in €57 ethyl alaconol.
5 dmsal #73 F 2% 1420 liver powder,

6.  Basal #2 £ anthranilic seid,

The composition of the basal retion /'3 and iho retlon fed Lot 2 is shomm be-
low. The alfslfs laeaf mzesl was added 2t the axperse of the corn and zoybesn
oil menl. Ths Saybaaﬁvail zeal wes reduced slishtly to provide z levsel of

ernds probein sguivalent Lo that of basal ration #3.

Pasal lsbion #3 Lot 2.
Grourd yellow corn 73.50%  Grounl yallow sorm 61.25%
Expeller procsss soy- Expeller rrocees soybean
besn oll meal 25,00 oll magl 22,2

Salt mixture 1.50 Kifalfs lenf mesd 15,60
Salt mizture .50



&da

The salts mixture mas theb of Hegsted, ot 2l (1941) snd the following
composition: Cal0, £0C, £2100, &45, CaliPld 21,0 1250, 4280, 7,0 204, HaGl 335,
'g’e{cﬂhf“}r ﬁ.{) 520 5!;;, ¥ I 1 (J, Z-"lns{}ﬁo‘«;:z& la’ 3?!’312 3553 '3115‘34:55, {} giét

l

411 of tho rotions wers supplerented witih the sare orystalline vilssins,
cod=liver oil and alplie tocoperol cs in the crecedln; experiments. The sl~

falfn froctions fod Lols 3 end 4 wares added fo the basal ration £3 ot a rete

s

-

of 15% equivalent of «1falls leaf meal. Lot 5 wue riven the tesel rsbion §3
plus 2% 120 liver powdar. The liver powder was incloded so as Lo give «
positive control. Lot & was fad basal rstion %2 plus sntbhranilic aeid aﬁ'tha
rete of 40 mg. per kllogram of ratlon. This wes used «t the suggestion of
Zreen {1947) who supplied Information %o the effact that it had proven pare
£481ly successful in stimulsting human lactatior,

The slfalfs leaf meal fraationé’wer@ prepared as follows: 1200 grams of
alfelfe leafl mesl (Valdo Dehydrated) were extracted with 705 ethyl slcohol.
The firat exbrection wns dome with 5700 co. of aleochol and the second wiik
2400 go. of aleohol. The material was then filiered completely by suction and
extracted agaln, = mixture was bested almost Lo beiling beforve each extrac~
tion. & second 1300 gram portion of the slfalfz loaf mesl was exbrected In
the seme marner ag the first snd ths two exbrects were abmbiméﬁ. The combined
sxtracks wore noncenirsted undar reduced pressure on a sheam beth urtil the
material was o thlek ayrup, 2500 c¢. of shaolute aleohol wes gdded and the
wizbure stirred ropostedly. It was thoen allowed fo atan? owernipght In s ro=
frigerator,

The sleohol soluble maberinl was decernfsd from tie residus. The regidue
was & thick materiel, sizlilsr in appesrance and consistency of thglh observed
frow the liver extraction in the previocus experiments. 500 co, of absolute
alechol was added and 1% was ellowed Lo stand overnisht in a refrizarator. It

was bthen extractod repestedly with 500 ce. portions of 5% etiyl sloohol. Une-
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Twod in two 1itere of

hal? of tiis oleohol inselubls Froection wis 2iseo
and was added £ Lths basel rotion

hepdsl

The alcohol soluble i

thick mzss under raeduced pressuve.

etiyl aleohol and sas copbired with the
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gsoluble frzotion. This solution was nods Lo s veluma of 570 g2,

ec. would enual one granm of %

Yales  fron tha sbock solony were placsd with the !
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WALNE BN

The fsrales wers walshed weelly, ot fuo i

parturition and st the tize of weaning the youns. The zewmsr ip alico the Jue

e were handled durinz the reproluetion and lsetetlon perled mms tue same

gs ir Experiments I, 14 and II, except thot cane pomace was substituted for

wood shavines far litter.

The yonno were weared at 21 days of ape snd the ipdividusl wenning
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of the younr rscorded, Immedislely sfler Lhc young wers weaned, the fesalss

Rosulbs:

The results of Bxperiment II1 are sumsarlzed in Table VI, Thess date

warts I, IA an& 17, In this ex-
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low mortality of younr during the Plead forty-el-hi hours, 21so, the such

oLhnoars

wedgate obtalined in Zhls experiment than ir sny of

Indicated Lhub wnie wosnisy selgits in the provious experisenis wers not optisum

aver when ilver powier was Inclwled in bthe rotlion. ©he raw basel rstion also
AL eosilis Lo hoge obtadned previously o Lhe robvion dn-

5

e axplained

2luded 57 2108l1fe weal, saleiun surbonabo apd sall.

Lmenh ovar

&
[N
W
o
24
i
is a
}. a

on the bosis of Lie nore adeguate salie mizturs used dn thls
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DISCUSSION

The yesults vhileh were ohtsined in the expericents, wsing & coMm-soyhesn
5 > £
oil mesl retion and the known vitemine, conliva, in gensval, the obgervetlons

& hlgh mortality »f you
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SN s S N S s e s B i o JS— B ey
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confirm the work of Spitser (194%) and others. In Expsrdment IL, ths 1i

sag wesnluos weighte of e youny of fensles fed sagn 2 yetion were hichs
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dats indiceted thel eonly & smell soomt of (he eetive Tocter wes prezent in
the livar frastior soluble In ©57 ebhyl aleohol.

The Injeotiom of Iivar*axﬁrﬁah {Lederls; irte Pemslen fof the sorresoybesn
ell real rabion incressed She Idvesbility and weandng welghbs of thelr young
An imcreage in growth rate of wasnling rete hed Desr observed from sinilar pra-
parctions by Jaffe! and Ylvehjem (1947)., The eddition of figh sclublos to &
gorn-soybean ¢1l1 nesl retion slso ircresged the weaning welghis of the young
and reduced the sterility of the femsles fed such m retion as compersd to those
racelvine the unsupplemsrted cornesoybesn cidl meal bsssl ration, This would
econfirm the work of Zucker and Zucker (154£) eni others.

It was also obssrved thet the reprofuction end loetation feelfor was nol pree-
sert in vitapin free test casein. The femsles ned large litiers bul the livea-

bility of the youny wes very poor, Host of The youns appesrsd o dis of starve-

Us

tion sugresting that the retion was insdequaeie for lanstebion. Zushor ar
Zueker {1948} observed thst Lhe active factor for reproduction and lactotion
was present in orude esseln buft not In the surified cesein, U(ther workers,
using purifisd essein in thelr synthetic rvatlons, have obssrvad scimilar row
sults, In viow of the fact theb these dots indicste it 2 corn-cuseln rotlore
was srossly inedequate for rvormel lactation, this ralion nizhi be wore muituble
for = basal sssay ration for studying this rroblem than s corn~soybean ofl
meal ratlon. The deta from thls experimernt suggest thet soybsar oll mesl cop~
tains small amounts of the active Cactor or thus soybean oil mesl provided
conditions for & more favorable intestinel flors for the possible synthesis

of the facltor required for successful lactztion. In addition the regquirsment
of the factor b&'femalesvmignt be higher when fed a cern—nasein.raticn tharn
when fad & corn-soybesn oil meal ration or that casein inalbits the availabil-
ity ol tue faétar‘ Shorﬁ {1948) found thet soybean oll meal conlzined some

LD factor sectivity and she postulated that this feed msy contuin some vitsain
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Biz which mey be involved in chicken nutriticn,

In Dxperiment IIT, the additicn of 150 alfnlifs rmesl to & sornesoybesy oll
meel bassl retion depresssd the weaning wolchls of Lhe roung end percentace sop~
caption of the femnles bul Inereased the llveabllliy of the yourgz. Thers was

vary 1ittls Aiflersnes In ths weaning welghis and llveshdlisy of tae young

.

froon fesnles fod the besel robion and those in whieh the gzlooholie fraectleons
of elfulis neal wers sdded., Howewer, there was & hisher pereent of sterile fe-
meles 1n the lot recailviny the alfalfs fractlion solubls 4n 9535 ethyl slechol.
The irerassed liveability of the young observed with the sdditiop of 15% al-
felfs meel to the basal ration would confirm the results of Gowland, et al
(1948}, The Xigh incidence of sterility would be in direct disagreement with
the results obisined by these same workers. iany obher workers bave reported
decrenged sterlllity and improved reproductlion snd lsectation with alfslfe weal
ab this sepe level in both swine and rvate. This fzilure may huve been dus to
the qualily of the alfalf: meal, but from =ll cutward appsavences, it wss of
the nighest guslity. Fart of the cmuse for the deapressing effect of :=1falfe
meal on weaning woight of youny from females fed this enupplemernt nmey have bean
due te & lower calorle intake than in the bassl corr~sovbesn oil mes) vstion.
Since these resulis dissgrsed with se mueh of the provious work that has heon
reporbed, both with swine and rabs, it should be repested under these sanme
copditions by ueing s larger puiber of femalss.

Thers wae no consistent gelp or loss of weluht by the femules during the
lsctetion pericd in any of the lots In any of tle exporimernts. There wes as
mich verdaetlion within lots as there wes among lots, The resulls indicsted
that the gain or loss in welght of the lactaling femsle is rot & good messure
of the ability of a ration to¢ support normal Ilmotation ms reported by Nelson
and Evane (1547b).

Seversl other propartiss of the scbive flactor of 1:20 liver concentrale
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powder werc noted, It 1s soluble in weter beesuss the original liver powder

iz = weter voluble materinl, It wes stsble to Leeting st s tewmparveture of

80-602 ¢, It was slso steble to mild neid snd alkalirve corditions, 1% wae

gtable to oxidetion whev ovposed to slv. These rroperties sre Uhe sere as
those reportsd by Hovak =nd iouge {15478}, Zucker snd Zucker (194%) and Jeffe!?
and Blvehjom (1947). These propertiss ars slso in agrsement with the proper=
Lties of the ohisk growth festor from fisu solubles reporiad by loblee, ot al,
{1548} but are sowewhel A1fferent Prow the sropertise of Lhe cilel _rowbh Fa

agta thel

yin

tor In gy FEnere

; vaporbed Lo 3

thare sor b g grovp of rolated faetors retler then one single funtor,



SULARY

1. & basal fatimn,nﬁmpasaﬁ of sround yellow cors 65,855, soylesr oil
menl 25,00%, &lislfz mesl 5.00%, GgQOBIC.ﬁﬁi snd iodized seli 0.50F supplement-
el with cod-liver oil, alpha tocopherol and a1l ihe knouan D-complex vilanins
failed %o support npormal reproduction snd lsctation in the rat In Experiment
I bub the performance of lsuales fed this ratlon was improved in Experiment
14 andé 11,

2, The sddition of 2% 1120 liver powlor to & corn-soybsan oil mesl ration
resulted In apperently normsl reproduction and lectation in 21} experiwents,

3. Of the sleoholic freetions of 1120 liver powder which were tested, it
appears thal this unknown Dactor is readily seluble in 705 ethyl sleohol, less
soluble in 955 ethyl aleohol and is not completely adsorbed on Forit.

4. bdditional properties of the active fuctor in liver powder are that it
is soluble in water, stabls to moderate heatiny (50-6G0° S.},.stabla to 2ild acid
and alkaline conditions snd stable to oxddation when exposed to air.

5. The injection of liver extract (Lederle) incressed the liveability and
weaniny welichis of thas young from females fed s corn-soybean ©11 meal baassl re-
tion.

Ge Substitutleg vitasin fres fest coseln for soybesn oll meal in the
basal rabion supplemertied with cod<liver ofl, alpia tocopherol and all the known
HBecomplex vitamins resulled in almost complebs laetabion failura., This retion
rey be & nore sulteble essay retion for studying this problem than a eorn~
soybear 01l mesal rstlon.

7. Gubstituting Pish solublas for part of the soybesn oil mezl in the
basal ration resulted In improved luctation perform&nce‘as avidenged by in-

asreased weening welghte of the young.

2bion aonpossd of grommd

f

£ Tie addition of 157 =lfalfz soel Yo 8 basal v
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yellow corn 73.50%, suybesn oll mesl 25.00%, minerals 1.50%, supplemented with
cod-liver oil, alpha tocophersl ard all the known D-complex vitamins Talled
to support normal reprodustion snd lzctstlon,

S« Anthranilic aecid was apparertly robt the setive foctor reeded for
optimum reproduction and lnetation in the rab mosording to results of the
work reported herein,

1C. The date from these experirenis indisate thet the wolght cﬁa;xge of

the leolating femele is wot & good meesure of the adequacy of the ration

for opblmum lactation.
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