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INTRODUCTIOR

The synthesis of folic acid in 1945 by Anglier and coworkers has
openad & new field in nutritional research. PFolie acid has been reporte
ad by investigators from ell over the country to cure anemia in humans,
rats and chicks &s well as other species of animals,

Besides its anti-anemie properties, folic acid was found to promote
normal growth and feathering in baby chieks fed an otherwise complete,
purified diet, However, little research has been oonducted along this
line with practical rations for poultry. Therefore, investigation was
underteken to determine (1) the critical need for folic acid by leying
pullets fed & diet oomposed only of prastical ingredients in respect to
egr production, fertility, hatehability and viability of progeny and
(2) whether or mot starting chieks require a dietary source of folio
acid in suech rations,

After materialization of this investigation, two independent papers
were published by Taylor of California (1947) and by Schweipgert and co=
workers of Texas (1948) on the critical need for folie acid by laying
hens and turkeys. In the California paper, a semieprectical diet was
employed, end no mention was mede of the progeny after hatchability date
were assembleds The iexas workers included growth data of turkey poults
from dams fed the basal diet with and without folie acid, Some research
was done with laying pullets, but none on the progeny of these pullets

fed the deficient diet.

Therefore, the major phase of this mamuseript is to present the

date obteined with progemy from rullets fed the unsupplemented and



supplemented diets to observe the effeet of maternal diet upon viability,
growth, eand feesthering of progeny fed a diet composed only of practical

ingredients,



REVIEW OF LITERATURE

The synthesis of pteroylglutamie acid by Angier et al. (1945) made
possible rapid seientific progress in nutritional rese:rech for human bew
ings end other species of the animal kingdom. During & period of 3 years
(1945=1948) numerous publieations pertaining to pteroylglutemic acid and
related compounds have rendered the knowledge cf pteroylglutamic acid very
intricats and somewhat confusing. The interpretation of biological results
of pteroylglutamie acid has become ocomplicatsd by the existence of several
naturally oocurring derivatives of a parent molecule and by the variation
which was encountered among different species of test orpanisme in response
to their derivatives,

Jukes and Stokstad (1948) have done excellent research of surmariszing
the literature of pteroylglutamic acid and related compounds, Their exe
tensive literature review is considere: a foremost reference or this vitamin,

The complexity of the nutritional relationships of the pteroylilutamie
acid family has been 1assenod somewhat by recent studies in the fields of
sngymology end structural chemistry, Only a brief mention will be made of
the history of the pteroylglutamic acid farmlly in this manuseript.

The isolation of "folic acid® by Pfiffmner, Binkley, Bloom, Brown,
Bird, Bmmett, Hogan and O'Dell (1943) end by “tokstad (1943) esteblished
the identity between Factor U of Stokstad and Manning (1938), vitamin B,
of Hogan and Parrott (1939) and Lactobacillus casei factor of Hubchings,
Bohonos, Hegsted, Flvehjem and Peterson {1941).

Upon the isolation and synthesis of folie acid by Angisr et al, {1945)

the term pteroylglutamie acid was suggested for the new vitamin. This



vitamin consists of & pteridine srouping linked through para-aminobenzoic
acid to a single glutamic acid residue, “

Before the synthesis of folle acid in 1945 by Angler and coworkers,
the isclation of another form of folle acid by Hutchings, Stokstad, Bohones
and Slobodkin (1944) took place and was termed ®fermentation Lactobacillus
casel factor®., The name pteroyliriglutamic seid was sugrested for thisg
fermentation L. cassi factor by Angler et al., (1946) because this compound
contained three glutanic acid groups,.

The work of Binkley et al, (1944) showed that folic acid was bound up
in a large meolecule, forming a conjugate and thaet unless released by
ensymatic process this folie acid conjugate wes not available to either
Lactobascillus casel or Streptococcus laetis R. Yeast concentrates rich in
folic acid metivity, produced very little growth for these two microorganisms,.
However, when these yea st concentrates underwent enzymatic digestion,
folic acid was releassd and became active for both mioroorganisms, ‘This
factor was designated vitamin By conjugate by Bird, Binkley, Bloom, Emmett
and Pfiffner (1945) and isolated by PPiffner et al, (1945) who alsc stated
that vitemin By oonjugate was active for the:ghick, The term pteroyhexaw
glutamylglutamic acld was suggested for vithzg By conjugate by Pfirfner,
Calkins, Bloom and 0'Dell (1546) due to the fact that seven glutemie aeid
groups were involved., Jukes and Stokstad (1948) substituted the term
pteroylheptaglutamice acid in preference to the longer name of Pfiffner
et al. (1946).

Pteroic acid, synthesized by omithing glutemic acid, is oconsidered
an "incomplete™ molecule, It consists of & pteridine groupiag linked to
para-aminobenzoiec acid and is biologleally active for Streptococcus lactis

R bubt not for lLactobecillus casei or for chioks or rats,



In the mecantime, the existence of 2 new vitemins, By, and B1i,
distinet {rom folic amid,was reported by Brigps, Luckey, Elvehjem and
Hart (1943, 1944, 1945), to be require: by the chiek for feathering and
for growth, respectively., FHowever, Luckey, Moore, Elvehjem and Hart
(1946 a) showed that vitamins Bjg and Byj did not produce a supplementary
effsct in the presence of synthetic folic acid, These results presumebly
suggest thet vitamins Bjg and Byj represented a conjugete or conjugates
of pteroylglutamic acid.

Thus it oan be seen that interpretation of biological results of
the different members of the pteroylglutemic acid family and their nue
tritional relationships for different species of test orgenisms has becoms
extremely diffiocult,

The synthesis of synthetic pteroylglutamic acid, referred to as folic
acid heretofore, has enabled the physiecian to administer this vitamin to
human patients suffering from various diseases, It iz beyond the scope
of this manuseript to discuss the extensive litersture on folie scid in
humen mediocine, Jukes and Stokstad (1948) and Berry and Sples (1946)
have presented an axeellen£5;ummary of the therapy and cliniecal effects
of folic acid, Human diseases, including Addisonian pernieious anenmisa,
sprue, nutritional macrocytic anemie, celiac disease, glosaitis of pellegra,
end others, have been reported to respond to folic acid administration,
The synthesis of folic acid has proved to be & boonr to the medical world
because many patients are allergic to liver extract therapy when treated
for various anemias.

In regard to folic acid assays, microblological and bilological assays

ere most commonly employed by nutritionists and biochemists. A variety
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of methods for the microbiologicel assay of folic aeid has been provosed
by a number of research workers such a&as Bird, Brossler, Brown, Campbell,
end Emmett (1945), Luckey, Briggs, and Elvehjem (1944), Tepley and
Blvehjem (1945) =rd others,

The 2 organisms used for assey vurposes are Ttreptococeus lactis R
and lLactobacillus casei, The former has the advantage of giving more
reproducible resvlts and of requiring shorter incubation periods than
with the latter organism., ¥However, the former requires approximately 5
times as much folic acid as the latter to give half maximum growth, there=
by liniting the assay of very lowepotency materials,

The echick essay appears to express the total folie acid content of
& sample including both the free and conjugated forms, as reported in
the work of Bird, Bressler, Brown, Cempbell and Fmmett (1945) and Lillie
and Briggs (1947 a).

The use of rats and monkeys for assay animals has been deseribed in
detail by Nay and Totter (1947).

Luckey, Briggs, Foore, hlvehjem and Hart (1945) comparsd e variety
of chemical end enzymic methods for the liberation of folic acid., Taka=
diastase, chicken pancress, hog kidney conjugase, aubtoeclaving, and others
were some methods mentioned.

The role of folic acid in poultry nutrition is a very interesting,
and also & very important, ome., The biological sctivity of erystalline
pteroylglutanic acid for the chiecl was first reported by Pfiffner, Binkley,
Bloom, Brown, Bird, Emmett, Hogan and 0'Dell (1943}, Their "vitamin Bg"
obtained from liver was fed at & level of 250 mierograms per 10C grams of

dist which prevented anemia and promoted good gzrowth in chicks.



A level of 40 micrograms per 100 grams of diet was found b:" Campbell,
Brown and Emmett (1944 a) +o be sufficient for normal hemoglobin, hematocrit,
rad cell count and thrombocyte valuses, However, the suthors concluded
that 400 micrograms per 100 grams of diet were required for the production
of normal leuecocyte levels in chicks,.

Pfiffner, Calkins, O'Dell, Bloom, Brown, Campbell, and Bird (1945)
found that a level of 25 mierograms of pteroylglutamic acid, either free
or as the conjugate, per 100 grems of dist resultad in meximum growth with
submaximal hemoglobin response,

Pteroylglutamic acld at the level of 500 micrograms per 100 grams of
purified diet was essential for normal feather development in chicks accord=
ing to Oleson, Hutchings and "loane (1946)., The effect was not lessened
by adding sulfamerazine or certain other "intestinal antiseptics™,

Hutechings, Oleson and Stoksted (1946) stated that maximum growth and
hemoglobin wvalues in chiocks fed on a purified diet was made possible when
pteroyliglutamic acld was added at the rate of 50 to 100 micrograms per
100 grams of diet. Luckey, Moore, Llvehjem and Hart (1946 a) claimed that
chicks required 25 micrograms of folic acid per 100 grams of purified diet
for growth, feathering, snd hemoglebin formation. ''hen sulfasuxidine was
added to the diet, the requirement was increased to a level betwsen 5O
and 100 mierograms per 100 grams of diet. On the other hand, the folie
acid requirement of chicks was found not to be inereased by the addition
of sulfasuxidine to a purifisd diet, according to Roberison, Taniel, Farmer,
Horris and Heuser (1946).

Daniel, Farmer and Worris (1946) noticed evidence of perosis in chicks

on @ purified diet without folie acid. The incidence was increased by



adding, 2 percent of sulfasuxidine. Perosls was prevented by the addition

of 20 and 30 micrograms of folic acid in the diet without and with sulfae

suxidine, respectively. A higher incidence of perosis on & sulfasuxidine=-
containing purified diet led the authors to conolude that folic acid stim=
ulated intestinel flora to produce an unknown antieperotic fachtor.

A relationship between a felic acld deficiency in chicks and an absence
of normal response to administration of diethylstilbestrol was reported
by Hertz ard Sebrell (1944)., Later work by Hertz (1945) showed a direct
quantitative relationship between the degree of oviduct response te
stilbestrol and the dietery level of folic acid. These findings were cone
firmed by Haque (1948).

Haque, Lillie, “haffner end Briggs (1948) suggested that folic acid
be included in a purified diet to counteract the toxic effects of the
thyroxine injections in Rew Hampshire ohicks,

A comparison of injection versus oral administration of folic acid
in the chiclk revealed wvery slight, if any, differences from the standpoint
of growth, according to Campbell, Rrown and Emmett (1944 b)., However,
Frost and Dann (1946) found that the vitemin was approximately twice as
effective by injection. Thie finding was confirmed by Robsrtson, Fiala,
Scott, Worris and Hauser (1947) who stated that chicks deprived of folie
acid the first 4 weeks of life responded %o a single sdministration of
folie acid given either corally or intramuscularly and that the injeotion
method was more than twice as eoffactive as the same amount administered
orallys.

“gott, Norris, Heuser and Bruce {1945) found that conjugated foliec

acid at the level of 50 micrograms per lOU grams of a purified diet



resulted only in partial eflectiveness in promoting growbh and prsventing
anemia in chicks., ¥However, when the lectons of either S-pyridoxic acid

or 4~pyridoxic acid was added at a level of BO micrograms psr 100 granms

of & nurified dlet together with folic acid fed at the same level, a marke-
ed galn in weight was produced and anemia wes completely prevented, Hens
on & commercial diet were bled by Scott, Norris and Heuser (1946) to induce
anemia, The rate of re;enerstion of hemoglobin was followed, and injeections
of either 4-pyridoxie acid or folic acid at the level of 50 micrograms
daily hastened the rate of hemoglobin formstion, Vhen both supplements
were edministered together, the rate was further inersased,

Folic acid was found by Scott, Norris, Cherkey, Teniel and Heuser
(1946) to be effective against anemia in chicks without the addition of
pyridoxiec acid lactone to the diet. On the other hand, Petering, WMarvel,
Glauser, and Waddell (1346) showed evidenos with chicks that 4epyridoxic
acid was sup -lementary on the utilization of pteroyltriglutamic acid,

Jukes and Stokstad (1947) reported that pteroyltriglutemic acid without
pyridoxic acid was as affective as pteroylglutamic aecid on & molar basie
in promoting growth and preventing anemla in chieks. As compared with
pteroylglutamic seid, pteroyltriglutamic acid appeared to be ubtilized com=
pletely with or without addition of 4epyridoxic ecid by chicks,

Pteroylhsptaglutanic acid was utiliszed as efficiently as pteroylglutamic
acid without the addition of pyridoxie acid by chicks fed a ~urified diet,
sccording to Binkley, Bird, Bloom, Brown, Calkins, Campbell, HEmmett and
PPiffnor (1544).

Jukes and Stoksted (1946 a, 1946 b) were the first to report that

normal production and reproduction in chickens eould take place on a
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purified diet containing pure vitamin B complex factors including folie
aclid, Reproduction in 2 generations of chickens on a purified dlet was
revorted by Jukes, Stokstad and Gilbert (1948),

Folic acid was found to prevent depipgmented foathers of Black leghorn
chieks fed a purified dlet, when injected at the rate of at least 10 mie
crograms per day, according to Frost, Dann and MeIntirs (1946). Growth
and feathering were in proportion to the level of folic acid used,

I1illie and Brigss (1947 b) stated thet the strain of New Haupshire
chicks used required & minimum of 150 micrograms of folic acid per 100
grems of a purified diet for optimum growth end 200 micrograme per 100
grams of the same diet for normal feathering. Foliec acld was found to be
nacessary for the prevention of ebrnormal feagggr pigmentation in New Hampe
shire ehiocks fed synthetic diets, according to Lillie and Briggs (1947 o).

The turkey poult developed & spastie tvpe of cervieal paralysis when
fed a purified diet deficlent in foliec acid, e&s reported by Richardsonm,
Hogan and Lempster (1945), This paralysis was counteraeted bv folic acid
administration, These observations were confirmed by Jukes, “tokstad and
Belt (1947).

Russell, Teylor and Derby (1947) estirated the folie seid requirenemt
of the turkey poult to be 200 mierograms per 100 pgrams of a synthetic diet,
This level of folic aeid was required to prevent ecervical parslysis at
the 25 and 43 percent protein levels of the purified ration. At a level
of 200 mierograms of folic aecid per 100 grams of diet, the 42 pereent
protein level produced better feamthering then the 25 percent vrotein level.

Lance and Hogan (1948) sugpested that a level of 200 micrograms of
folie acid per 100 grams of synthetie diet was required by ths turkey poult

for maximum growth and normal dsvslopment,
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Sohweigert, German, Pearson and Sherwood (1948) showed no differences
in egg production, hatchability, hemoglobin level or general appearanee in
turieys or laying pullets when fed a besal diet low in folic acid (42 miw
crograms per 100 grams of diet) as compared with those fed the basal diet
supplemented with folic acid at the level of 200Q mierograms per 100 grams
of diet. However, the folie secid conbent of eggs leid by turkeys and pulw
lete was much lower in the basal group then in the folic acid supplemented
group. Fgg yolke econtained greater quantities of folie acid than albumen,
The folie aeid conent of blood cbserved after enzymetic digestion of the
blood samples was shown to be approximately the same for both groups of
chickens and turkeys, regardless of dietary treatment, Turkey poults and
turkey hens fed the basel diet exhibited & higher mortality and e slower
growth rete thap the supplemented grouns. Poults from dams fed 200 mie
erograms of folic acid per 100 grams of basal diet required €0 micrograms
of folic eeclid per 100 grems of growing diet, whercas those from dams feod the
besal diet required more than 80 micrograms of folic acid per 100 grame of
dist,

Yearling White Leghorn hens fed & semiepurified diet low in folie aecid
(not in excess of 12 microgrems per 100 grams of diet) required a level of
folic aecid greater than that in the basal diet for normel hatchablilivy,
aceording to the work of Taylor (1947). The optimal level for normal hatohe
ability was rnot determined., The folie acid requirement for eg: produetion
was low on this diet,

In spite of the extensive research on the importence of folie acid
and its requirements in poultry nutrition, Luckey, Moore, TWlvehjem and Hart

{1946 b) concluded that no definite requirement for folic acid in mutrition
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could be established because the response to a given amount of folic acid
depended upon the type of ration used, For example, high fat diets or
diets containing glucose, sucrose, or starch as the sole carbohydrate re=
sulted in & lower growth responss than those diets contalning high protein,
low fat, or corn meal and dextrin as the carbohydrates when folic acid was
incorporated in the diets. Hemoglobin responses were bet .er on diets con-
taining dextrin or corn meal than diets containing other carbohydrates,

It is beyond the secope of this manuscript to discuss in detail the
litersture on the role of folie acid in the nutrition of other species come
monly used as essay organisms in the nutritional laboratory. However, only
a very few references will be cited to reveal the importance of folie acid
in the nutrition of other species,

Folic secid requirements of microorganisms have been investigated by
S8tokes and larsen (19456), That the rat could utilize conjusated pteroyl=-
glutamic acid was shown by Wright, Skeggs, ‘ieleh, Sprague and Mattls (19546).
Nielsen and Bleck (1944) indiceated that mice fed & purified diet containing
sulfasuxidine required folic acid, The "lactetion performance™ of mice
on purified diets as measursed by perecentage and size of litters weaned was
inereased by addition of e concentrate eontaining pteroylglutamic acid, as
renorted by Cerecedo and Kirone (1947).

Folic ecid was needad by guinea pigs (Woolley and Sprince, 1945) and
by mink (Scheefer, Whitehair and rlvehjem, 1946} to prevent loss of body
weight, diarrhea, lethargy, terminal convulsions and death,

Krehl, Torbet, de la Huergs and Flvehjem (1846) observed that dogs
fed & purified dlet deficient in nlacin respornded to foliec acid administree

tion,
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Erider, Van Poueke, Becker and Carroll (1946) showed ovidence that
sows fed a folic acid coneentrate producsd more vigorous and thriftier
pigs than sows fed the basal diet. An inter~rslationship of folic acid
and biotin was established in the nutrition of swine by Cunha, Colby, Busiad
and Bone (1948},

Folie aeid was needed for growth for the larvee of the mosquito ™Aedss
asgyptii® (Colbery, de Meillon and Lavoipiorre, 1345), aend for the larvee
of flour moth and the meal worm (¥Fraenkel and Blewett, 1946j.

in the biological and microbiolegical mssseys for folic aeid activity
in fooda and ecmmon feedstuifs, the interpretetion of such resulis become
a difficult one because of the wide variations in animal snd miercorganism
assay techniques which render interpretation of the results in terms of
pterovlglutamic acid extremely eomplicated,

Tolic acid existe in the form of conjugates, most of which are ine
active in the miorobiological assays until treatcd with certain enzyme
preparations whieh liberate folic acid, as ie shown in the work of Bird,
Binkley, Blocm, Emmett end Pfiffner (1945). Legardless of the type of
ensyme prepargtion, folic acid walues very. Thus, the presence of iunhibe
itors of ensyme system in natural foods is brought to mtiention by Swendseid,
Bird, Browmn and Bethell (1947).

Folic eaecld showed the greeatest losses due Lo autcelaving of all the
vitaming of the B complex in neutral foods, according tc the worik of
Cheldelin, Toods and Williams (1843) who concluded that the vitamine might
become "bound® in tissues during eutoclaving. These results were confirmed
by Schweigert, Pollard end Elvehjem (1946) who found thet as much as 92

percent of folic meid in meats was dostroyed by eooking.
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The storege, retention and distribution of folie acid in the ehiek
was described by Moore, Lepn, Luckey, Flvehjem and Fart (1947). High oral
intakes of folie mcid were stored inefficiently in chiek livers of daywold
¥hite Leghorn chicke fed a folic acid-deficient synthetle diet. The folic
acid eontent in ehieck musele tiscsue was not affected by the level of oral
intake of folie acid, Those chicks given lerge oral doses of folic acid
and then pleced on the deficient diet grew as well as those receiving an
aguivalent amount of folie acid by injection, The vitamin was distributed
in greetest guantities in the liver and kidney and in lgﬁst‘guantities in
the musele and skin,

Lillie and Bripgs (1947 =) determined the folie acid activity of come
mon feedstuffs by means of a biologieal assay with the chisk, Cereal grains,
grain by-products and dairy by-products were relati «ly poer sources of
foliec acid., Soybean oll meal, alfalfa meal and fermentation solubles were
relatively good sourcesi veast from several origing and liver msals were
excallent sources, A sample of menhaden fish meal did not show any folie
acid activity.
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FAPERIMENTAL PROCEDURE ARD RVEULTS

A. Studiss with Laying Pullets

1. General experimental procedure., In the first of 2 experiments

condueted with laying pullets, Wew Hampshire dayeold chieks habched in
¥erch, 1947, from egss laid at the (ollege Poultry Farm were distributed
into 4 uniform groups of 20 chicks each. The chicks were individually
wing-banded and rearsd in electrieally heated batteries with raiged sereen
floors, Feed and water were supplied ad libitum, Individuael weighings
were made weelkly up to and including the 16th week of age,

group I received & practical ration(diet 1) designed to be low in folie
acid. Croups II and 171 received this basal diet with synthetie folie acid
suprlemented at the rate of 200 and 400 micrograms per 100 grams of diet,
respeotively. Group IV received a typieal broiler mash {(diet 4).

The males were renoved at 9 weeks of age. A%t 16 weeks of ape when the
pullets wers transferred from growing ehiek batteries to a &0 bird cone
ventionaletype laying battery, the number of pullets per group was 9, 11,
6, and 8, respectively. Farmeraised nullsts of the same hatch as the
batteryeraised pullets were used to fill up the leying batiery to make a
total of 16 rullets per group. Groups I, II, and II1 eontinued to reeeive
their respective diets, whereas Group IV reecsived the lervland allepurpcse
laying mesh (diet 3). Crushed oyster shell wes fed twice woekly,

Beginning at the 16th week of apge, the pullsie wers weighed on the
first of each month, Daily egp production records and monthly ovsereall
feod consumption reeords were kephk, Artifieial inseminetion according
to the method deseribed by Quinn and Burrows (1936) was performed twice

weekly with the pooled semen of several New Hampshire cockerels maintained
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in batterles, fgss were pedigreed daily and stored in e refrigerator at
BOOF until setting time., Cettings were made weekly during the fall of
1947, et l0=-day intervals during the winter and spring months of 1947=134E,
end finally at 2ewesk intervels during the summer of 1948, OUn the twentye
second day all the ehioks thet hetched were wing-pedigreed and placed om
experinents to be discussed in detail in & later parsgraph, Those eggs
that did not hatch were broken out, end time of embryonic meortality was
determined,

In the second experiment condueted with laying pullets, 1€ Yew Hampe
shire pullets 10 monthe old were used. Prior %o selection in Pebruary 1948,
these pullots had been meintained on the Marylend sllepurpose laying mash
in laying betteries, At the time of selcction those pullets were placed
on basal diet 2 conitsining ground wheat instead of wheat middlings for a
deweck depletion periocd to deplete, if any, folle acid recervsn, At the
end of the depletion period, the rullets were divided into 2 groups of 8
each, The Pirst group (Grovp V) was continued on basal diet 23 the second
group (Group VI) received this basel diet 2 supolemented with 200 microw
grams of synthetie folic acid per 100 grams of diet, Cubseguently, the
exverimental procedure was rrecisely the same ac that described in the first
experiment, except thaet chicks wore not saved for further experiments.

2. Ixperimentel dists. The basel diets 1 and 2 (Teble I) for experiw

ments 1 and 2 with leying pullets were designed to be very low in folie

scid activity. On the basis of folic meid ectivity of feedstuffs (Lillie
and Brigss, 1947 &), the basal diet conteining wheet middlings {diet 1) for
Experiment 1 and ground wheat (diet 2) for Experiment 2 contained a folie

aeid activity of 33.8 and 26.8 micrograms per 100 grams of diet, respectively,
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The Yaryland allepurpose laying mash {diet 3) and the Marylend broiler
ration (diet 4) shown in Teble I contained 164.2 and 159,5 micrograme, ree
spsetively, of folic acid per 100 crams of ration,

Since cereal grains conteined troces of felle acid, the formuleting
of a practical retion devoid of foliec aeid wes not pessible., Por this
reeson, the besal diets under study wore formulated so that the folie eeid
gctivity of the diet was as low as possible without greatly curtailing
the balance of other mutritional regquirements in the ration, Because of
their high folic acid activity, alfalfa lesf wmeal and soybsan oil mesl
were omitted from the diet, Wealt sorap was not included beceuse the folie
ecid activity of this umaterial was not kmown. The experimental diets were
mized on the College Poultry Farm. Precantlous were made with grest ocare
to prevent conteminstion of the experimental diets, so that the folie aeid
activity of sueh diets would not be increased by slight traces of alfalfa
leaf menl and soybean meal, both of which are known to be high in folie
acid activity, Five hundred pounds of feed were mixed at a time about
every 4 weeks, For each group of pullets in Hen Txporiments 1 and 2,

50 pounds were supplied et e time,

The synthetie folic acid obtained from lLederle laborsiories was
added in dry form to s small handfull of ground yellow corrn and mixed
thoroughly. %his preemix was then added to the basal dist,.

3. Hen ixperiment 1., To determine the critical need for Polic acid

by laying pullets fsd a folic acld-low practiecal ration, this experiment
wes set up for a period of 11 months, PTable II represents s swwmary of

egs production and fesd ¢onsumption. The eversge egg production per hen
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CHEPCSITION OF DIETS

18

; CIRT TIiET TirT  DIET  FOLIC ACID
INGREDIERT 1 2 s 4 ACTTYITY
5 % % %  Wog./grem
Ground yellow corm 26 26 26,25 20 0.2
Ground heavy cats 30 30 12.5 16 0.2
Cround wheeb - 156 — - 0.4
“heat middlings 15 - 10.0 15 0.9
¥heat bran - - 12,5 12.5 2.1
Soybesn oll meeal - - 10,0 10.0 7.7
Corn gluten meal 10 10 F o0 75 0.2
Alfalfa leaf meal - - £.0 Ea 6.0
Pish meal Te5 Teb 5.0 B0 0.0
¥eat sorap e - 540 5.0 -
E’ried Whoy - - 5-.0 2’5 0.9
Dried skim milk Te& 7Teb - - Ce6
Fermentation solubles - - 1.25 o= 5.1
(80 meg. riboflavin/gm)
Oyster shell flour 2,0 2.0 2.0 1.256 -
Rock phosphate 1,0 1.0 0.76 0.5 -
detluorinsted
S&lt, iodized 0«5 Deb Q.75 045 -
Vitamin A and I oil O 0.5 0.6 0.2 -
(400 units D/gram)
¥r 504 — e _O22 0.012 0,012 O0lE = ==
HiboTlavin, synethetlec 150 mg per 100 1b8 == - T T A
Hicotinic aedd = | 2grams per 100 1b8 = «w = == -
Folic ecld 85,8 28, 164,2  166.5 -
mog. per 100 grams
Percent protein, calculated 18.4 18,1 20,4 21.8
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TABLE IX

EFFECT OF DIET UPON EGG PROUCTION AMD FPEED COBSUMPTION
OF BiW HAMPSHIRE PULLETS IN FXPURIMENT ]

TOTAL TOTAL AVIRACE TOTAL

DIETe BYRD TRES  E6G FEED
DAYS LAID FROJUCTION CORSUMPTION (CEBUNPII
| | PER HEN | 5.}
July 1)

Group I 4,160 1,883 146.8 1188,5 9647 748
Group 1T 5,859 1,088 94,9 1036.5 90 .4 1leé
group ITI 4,308 1,885 123.4 1168.5 8049 8.9
Group IV 4,167 1,802 120.8 12218 9842 9.8

® QCroup I » Diet 1
Group Il ~ Dist 1 < 200 mog. follc aeid per 100 grema of diet
Group Ill= et 1 ¢ 400 mog. folle acid per 100 grens of diet
Group IV « Diet 8
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was greater, and the number of pounds of feed required per dosen of eggs
was less, in Group I than in tho 3 other groups. These results indiocate
clearly thet a practical ration conteining no vepgetable protein supplement
and ocontaining only 33.8 microgrems of folic acld per 100 greams of diet
cen sustein normel egg production and also normal hatchability, as is shown
in Teble I1I. In spite of the highest hatchability being obtained in
Group IV, the differences in the hatchability data of the 4 groups of dams
were so slight to indicete a dietary influenee upon hatchability. The
fertility dete revealed no apparent differences, even in Group III because
TABLE IIX

EYFECT OF DIET UPON PRFVILITY AND HATCHABILITY OF
N¥r¥ HAMPSHIRE PULLETS IN IXFERIMENT 1 =

DIET#=x NO, TGES PERCEN? HATCHABILITY
SET FERTILITY OF FERTILE EGGE
Group I 898 92,3 7044
Group 11 459 91.9 T8e6
group IV 711 90.3 799

# F-r somplete detalle, see Appendix, page 73
2% Ddess are desoridbed in Teble Il

the percent fertility for this group would have been raised to 89.8 per-
esnt, if 2 dams in Group III had been elimineted due to their poor fecundity.
At hetehing time, all the progeny from the 4 groups of dams gppeared nommal
with respect to down color, size, weight, and viebility,.

Chart I indlioates that synthetic folic aeid added at the level of 200

mierograms per 100 grams of basal diet will support body welght maintenance,
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as compared with Group I. The mean body weight of Group I dems was the
lowest of the 4 groups from August 1947 through ¥arch 1948 execept in
Pebruary in vhich Group I was heavier than Group III. Throuyhout the entire
experimental period Group II dems ranked heaviest, except on Hovember first
when these daps were seeond to Group IV dams in welght. Group IV dams were
the sevond heaviest from August to April., The high mean body weight charace
teristie of Group II may possibly explain one of the reascns for poer egg
production in this group.

liemeglobin studies with the 4 groups of dems chowed some differences,
&8 shown in Table IV. The method for homoglobin determinations was de=-
seribed in detail by Bvelyn (1938}, On both dates the number of grems of
hemoglobin per 100 cc. of whole blood was the lowest in Group I dams. The
addition of synthetic foliec ecid to the basel ration apparently incrsased
the heuwoglobin level per 100 ec. of whoie blood to approximetely the same
level as that obtained on the Group IV diets In 2ll instancoes, the hemoglobin
level was higher in the second than in the first test,

TABLE IV

HELOGLOBIN STUDIES VWITH WEW HAMPBHIRE PULLETS
IN EXPERIMENT 1

DALE GROUP I GROUP 1IX GROUP IIXI GROUP TV
September 1, 1947 8423 .14 8461 8620
July 25, 1948 9,45 .91 9.76 90.74

Biological determinations of the folis ecid aetivity of =gg yolks
from eoggs laid by the 4 pgroups are summarized in Table V. Thse chick aseay
used for expressing the total folic acid content of the sample including

both the free and eonjugated forms is explained in detail by Lillie and



FOLIC ACID ACTIVITY OF EGG YOLKS FROHE EGGS LAID BY NEY HAUPSFIRE PULLETS IN

TABLE V

EXPFRIMENT 1

EAPERIMENT A

EXPERIVENT B

AVIRAGE. AVERAGE
SUPPLEMENT T0 NO. CHICKS WEICHTS %0, CHICKS WEIGHTS

BASAL DIET 110 AT AT 4| AT 4 WERKS AT AT & AT 4 WFEES

s&mr VEEES START . VI¥EKS
(ems.) (gms.)
Hone 10 1 5840 10 4 100.5
25 mog. folic acid /100 grams 10 8 225,2 10 9 266,6
50 * " LA 10 8 205 44 10 8 290.1
100 *® " L 10 9 226.4 10 9 280.6
200 * w woom o ow 10 6 279.2 10 10 278.5
1 egg yolk 2Group 1) /ilogram 10 4 95,3 - - -

2 * * (¢rouwp1) ™ 10 8 135.8 10 4 109.0
2 ® " (Group II) *® 10 5 151.2 10 4 163.0
2 % % (Group III) ™ 10 2 158.5 10 2 146,0
2 ® " (Group IV) * 10 2 20245 10 3 137,53

23
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Brigge (1947 a). None of the ohicks fed egg yolks, regardless of source,
grow as well as those fed Z5 nicrograms of folie acid per 100 grams of diet,
e fact indicating that none of the egg yolks contained a foliec acid activity
of more than 25 microgrems per 100 grams. The values for the folie acid
activity by means of a biologieal assay are conflicting in FExperiments A
and B (Table V) due to the faet thet a diseese epidemic of a mild nature
gecurred in the laboratory. For this reason, no attempt is mmade to determine
the actual folie acid activity of sgg yolks from eggs laid by the 4 groups.
Wevertheless, it is interesting to observe that in both ohick experiments,
the growth rate of ohicks fed egg yolks from Group I dems was greater then
that of ohicks fed egg yolks from Group I dems, This finding indicatss e
difference in the folic acid activity of egz yolks from Group I dams and
Group II dams fed the basal diet eand 200 mierograms of folic acid per 100
grams, respectlively.

4. Experiment 2, When ground wheat became available, 2 sscond exper-
iment was set up to make a compurison of two fesdstuffs differing in their
folic aeid activity upon egg production, fertility, hatchability, and weight
maintenance, Tables VI and VII show some differences in egp production and
hatohability in fevor of Group VI fed the supplemsnted diet, The number of
pounds of feed required to produce a dozen of eggs was less on the Group VI
diet, These results may indicate that the basal diet eontaining ground whest
with & total folic acid actlivity of 26.8 micrograms per 100 grams of diet
requires additional folic acld to sustain normal égg production and hatehe
ability, as compared with a foliec meidelow ration containing wheat middlings.
¥o differences in the fertility and gsneral appearance of progeny were obe-

served,



TABLE VI

FFFECT OF DIET UPOR EGG PRODUCTIOR AKD FEED C

ORSUMPTION OF

(Wl

¥iwi HAUPSHIRE FULLETS IN EXPERIFENT 2
E i ;AVTRAGE AVERAGE POUNDS
; TOPAL  TOTALI FGG ‘  TOTAL FEED OF FEED
DIET* BIRD  |EGGS |PRODUCTION |  FEND CONSUMPTIOR PER D ZEN
i DAYS ILAID ; FER | CONSUMPTION PER OF
g 1 ' HEN ‘ HEN __ EGGS
(Mareh 13
to July X0)
Group V 1,120 465 58,1 294.5 36.9 Te6
Group vl 1’ 120 542 67.8 293.3 36.6 €.5

*# Group V = Diet 2
Group VI -« Diet 2 ¢ 200 meg, foliec acid per

TABLE VII

EFFECT OF DIET UPOR FERTILIYY AND HATCHABILITY
PULLETS IN EXPERIMENT 2=

100 grams of diet,

OF WEY HAMPSHIRE

FCPITPIEN.

.

DIET** NO. BGGS !  PERCENT : PERCENT HATCHABILITY
SET ! FERTILITY OF FERTILE FGGS

Group V 459 88,7 69,5

Group VI 627 0.7 83.9

®  For complete details, see Appendix, page 79

** Diets are deseribed in Table VI
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Throughout the 140=day experimental period Group VI dems were heavier
than Croup V dams, as is shown in Chart II.

5. Sumnary of laying pullet experiments. Yhen pullets were fed a

practical ration whiech contained wheat middlings and which also conteined
33.8 mierograms of folic acid per 100 grams of diet, egs produoction was
highest on the basal diet. ¥Ho apporent differences in fertility and hatche
ability were noticed emon; the 4 diets. Body weight data, hemoglobin studies,
and folie aoid assays of egg yolks, all clearly show a differsnce betwesn
Group I fed the basal diet and the 35 other groupe. When ground wheat was
substituted for wheat middlings, the total folic seid aectivity of the basal
ration was lowered to 26,3 miorograms per 100 grams of diet. Consequently,
& wide difference was noted in egg production, hatchability, snd body weights
in favor of Group VI fed 200 micrograms of folic aeid per 100 grams of diet.
The fertility data indicated mno apparent differences between the 2 groups.

In both Experiments 1 and 2 all the progeny appeared normasl with respect to

down color, size, weight, sand viability.



A2



B, Btudies with Chicks

l, General experimental procedure. 4ll chick studies were divided

into 3 main experiments; namely, Chick Experiment 1, which was devoted to
pedigreed chicksa obtained from pullets in Hen Experiment 1 described in a
previous paragraphj Chick Fxperiment 2, whieh dealt with pedipgreed ehiecks
obtained from Group I dams in Hen Experiment 13 and Ohiek Experiment %, which
wes devoted to chiocke obtained from nass matings on the College Pouliry Farm
where a complete breeder mash was fed, In these § experiments, all chiocks
were maintained in elsoctrically-hoatsd metal batieries with raised screen
floors. Feed and water were supplied ed libitum, At the terminatiom of ta=
individusl experiments all survivors were sexed by the comb method, unless
otherwise indiested, and examined carefully for any effects of the maternsal
diet as well as the chiek diet upon feather pigmentation and structure. Those
ohicks showing ebnormal bleck and/or white arees in the festhers were given
the symbol B¥. Those chioks showing poor feather strueture were given the
symbol Byn, and all the remalning chieks showing normal feather pigmentation
and structure were given e score for the degree of feathering, Table VIIX
gives the system smployed in determing the feather score,

TABLE VIII

SYSTEM USED IN FEATHER SCORING

ADJECTIVE GOORE ‘ WUMERICAL SCORE
Very Poor 0

Poor 25

Fair 50

Good 75

Very Good 90

Exeollend 00
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Body weights were rscorded at 2-week intervals, unleas otherwise ine
dicated. In all chick expsriments the mean body welghts inecluded in the
tables vontained in the following peges represent only those weights of
survivors at the termination of the experiments. In other words, the weighis
of chicks that died during the experimental periods were not included for
final everaging, The final sverages for each weight cless (svuch as hatching
time, 2 wecke, 4 weeks, € weeks, and 8 wesks) were not determined wmtil
after the termination of the experimsnte when the survivors were sexed.

2. Experimental diets. Thoe same diet as used for laying pullets

(basal diet 1) was used as the besal diet for all chick experiments. The
diets employed in Chick Experirent 1 may be designated as treatments 4, 3,
and C, Treatment A refers to the feeding of the basal diet throughout the
Bewoek periods treatmernt B refere to the feeding of ths basal diet durlng
the first 4 weeks followed by diet 4 (Table I) during the second 4 weeks;
treatment € refers to the feeding of diet 4 throughout the B-week period,
The first pedigreed hatch of ohicks obtained from the 4 groups of dams in
Hen Experiment 1 was placed on treatment A. The fellowing 12 hatehes, in
groups of 3 hatches each, were alternated on treatments B and €, respectively.
Finally, the first of the last 2 hatches was placed on treatment B and the
other on treatment C. Altogether, 15 hatches were used on treatments 7,
B, end C. The reason for placing only one hateh on treatment A was because
dried skim milk was avaeilaeble only in limited quantities,.

In Chielk Ixperiment 2 only two diets per hatch were used throughout
a series of 10 hatches, One diet was the hen basal diet 1, and the other
diet included & supplementation to the hen basal diet 1 %o observe iis

affects upon growth, feather pigmentation, and feather structure.



Different levels of gynthetic folic zecid were supplementsd to the basal
diet 1 in Chiok Experiment 3. A sample of Parvo, & crude folic acid sup=
plomsnt, was tesbed for its nutritional value in a practical ration low in
folie asid. The labsl description of Parve is swmmarized in Table IX,

Both synthetie folie acid and Parve were added in dry form %o e small bateh
of the basal diet and nixed wvery thoroughly before being incorporated inte
the basal diet,

TABLE IX

COLPOBITION OF PARVO

— TROPPLLERT PRICENT
Follo seldenot less than 3.0
Inactive pterina 2340
Hell-not more then 0.9
Distomaceous earth 65,40
Hoisture-not more than 5.0

3o Chick Experiment l. This experiment wes condueted to determine

the effect of mmaternal diet upon mortality, growth rates, end feather
pigmentation and feather siructure of progerny. ¥Mortality deta, as given
in Table X, revealed that the mortality was yreatest in the progeny of
Group I dams, lrrespeetive of chiok diet. 7The mortality of the progemy of
Group I1 dams wes nearly egulvalent to that obtained with progemy of Group
IV dams, theroby indieating that the addition of synthetic follic aecid teo
the maternal dlet is required %o prevent high mortelity in the progeny. Neo
explenation for the greavor wmortality rate of ohicks from Group Il dens
than from Croup II dams on treatwents B end C is given,

A comparisorn of the 3 treatments will reveal an influence of the shiek
diet upcn the mortality of progeny. For progeny from dams fed Group I and

II dlets, the mortality wes lowsst in chicks on treatment € than in those



TABLE X

EFFECT OF MATERNAL DIET UFON THE MORTALITY OF PROGERY

1

{ |3
TREATMENT A% TREATUMERT Be | TREATVENT C%
MATERNAL ,
DIET | 144 R 2 71 2
1 13 7649 169 62.1 160 16.5
1z 9 22,2 7§ 7.4 88 6.1
111 13 7.7 107 19.6 112 12.5
v 11 0.0 124 10.6 96 6,3

» Treatment & - Piet 1 throughout & weeks (1 hatch)

B » Diet 1 the first 4 weaks and diet 4 the second 4 weoks

(summary of 7 hatches)

¢ « Diet 4 throughout 8 weeks (summary of 7 hatches)

*»= 1 « Total Chioks
2 = Percent dead
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chicke on the other two treatments. However, progeny of dams fed Group

111 and 1V diete showed e slightly higher mortality in treatment C than

on treatment A, but lower than on treetment B, These resulits clsarly ine
dicate thai maternal diet does bear a direct offect upon the mortality of
progeny and thet a complete brailer ration {diet ¢4) fed to the progeny will
lower the =mortelity rate to a grsater extent.

The effect of maternal diet upon the hatohing weight of progemy is
summarized in Table XI. It must be remembered that the hatohing welghts
of these chicks represented only those chicks that survived et 8 wesks. In
other words, the hatching weights of those chiecks that died were not ine
cluded in the data. The Group I diet appeared to produce heavisr chicks
then the 3 other diets. One reason for this may be satiributed to larger
ege size laid by dams fed Group I diet. Although no genetic measurss were
underteken to determine the relation of diet to egg size, just why tha phe=
nomenon eccurred may possibly be atiributed to chance in the selection of
pullets for lsrger egg size in one group and of pullets for smaller egg
sige in the other groups.

TABLE XI

EFFECT OF MATIRNAL DIET UPCN THE HATCHING WEIGHT OF PROGENY

MATERNAL VAN OF
DIBT HALTS FEMALFS VALYS AYD

FEMALES

(grams)

1 40.,7(112)#* 41,1(886) 40.9(198)
i1 39,0(84) 57.6(87) $8,3(171)
111 38.9(108) 35.8(94) 52.6(196)
v 58.2(112) 37.1(94) 57.6(206)

* Number in parenthesis refers to number of chieks that survived at 8
weaks of age.
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TablesXII, X;II, snd XIV represent & sumnary of 4=-week and Beweek
growth rates of ohicks on treatments A, B, and €, respectively. It must
be bLorne in mind that the hatching weizhts ineluded in these tables are
in no way influenced by chick diet., They are inserted for the sake of
comparison with 4eweelr and 8Beweelk welghts on the 3 itreatments,

Irrespective of chick diet, Group I chicks grew at the slowest rate
of all ehicks at 4 weeks and § weeks of age., The only exception is on treate
ment 4 at B weeks of age, The average welight of the ¥ males in Group I
was little heavier than the mean veipht of males and mean weight of femmles
from Group IV dams. Had any female chicks been included in Group I, the
mean welight of both sexes might have been lower than that of Group IV chicks,
No apparent differences were noted in the mean weiphts of both sexes of
Group 11, III, and IV chicks at 4 and 8 wesks of age, as influenced by
maternal diet,

A comparison of the 3 treatments show that, in most cases, all the
progeny grew faster on treatment C than on treatments A or B, Group II
and III chicks at 4 weeks of age and Group III chicks at 8 weeks of ape
appeared to grow fester on treatment A than on treatment B. These small
diferences probably would have disappeared if more chicks had heen a=-
vailable on treatment A. For thi:z reason, no comparison can be made in
growth rates of chicks fed treatments & and the other 2 treatments because
of the small number of survivors at 8 weeks,

At 4 wesks of age on treatment B, females from Group I, II, and IIIX
grew at a faster rate than the males of the same groups, respectively.
Likewige, on treatment C, the growth rate of femsles from Group IITI and

IV was greater than that of males from the same pgroups, respectively.



TABLE XI11

FPFECT OF MAPFEREAL DIFT UPON GROWTH RATFS OF PROGERY
AT 4 WEEES AND 8 WErKS OF AGE OR TREATMERY A

TREATVERT L
MATERRAL '
DIE? | VALES FENALES MEAN OF
MIZED SEXES
I 40.0(8)= - 40.0(3)
i1 40.0(4) 36,7(3) 38.4(7)
11T 35.8(5) 54.9(7) 55.4(12)
IV 37.4(8) 34.7(3) 36.1(11)
1 164.0 — 164.0
I 217.8 184.7 201.1
111 232.8 184,38 20846
Iv 185,9 165.8 175.6
1 617.0 - 617.0
1T 649,85 698.6 624.1
11T 729.6 601.3 865,65
v 660,68 54,7 €602 .8

# Number in perenthesis refers to number of survivors at 8 weeks of age,
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TABLE XIII

EFFECT OF HATERNAL DIRT UPON GROVTH RATES OF PROGFIY
AT 4 WEIKS AND 8 WETKS OF AGE OF TREATVENT B

TREATVENT B
ATFREAL
DIET MALFS FEMALES VEAY OF
MIXED SEXES
' AVIIAGE PATCHING nEIOUTS (GRAKS)
1 42,5(42)» 41,.5(22) 42,0(64)
11 39.4(43) 38,7(44) 39.5(87)
ITI 39.3(45) 40,.,1(41) 39.7(86)
Iv 39.5(57) 39.,0(54) 39,5(111)
I 175,7 194,56 185.1
11 196.8 199.0 197.4
171 183,8 204.3 194.1
Iv 217.1 210.0 213.6
I 624.9 605,.9 616.4
1T 689.1 621.2 6558.2
I11 645.4 613,9 629.7
Iv T17.5 630.1 673.8

* TNumber in parenthesis refers to number of survivors at 8 weeks of age,
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TABLE XIV

EFFECT OF MATERERAL DIET UPCGN GROVTH RATES OF PROGFY
AT 4 WEEKS AND 8 VFERS OF AGL ON TREATMENT C

VATERNAL i
DIE? i MALFS MEAY OF
: - MIXED SEXES
AVERAGE
I 59.7(87)= 40,.6(84) 40.2{131)
1T 57.7(37) 37.,3(40) B37.5(7T7)
11X 41.5(52) 40.0(46) 40.8(98)
v 57.6(47) 87.6{37) 87.6{64)
1 284,58 214.1 224.3
11 26042 286,65 248.4
11X 239.2 243.5 2¢1.4
v 247.1 264.7 260,.9
AVERAGE G-WELK WELGHTS (GRAMS)
1 729.0 626,8 877.9
11 759.5 641.9 700.7
111 733.6 875.7 7085.7
iv 711l.1 675,9 698.5

# Number in perenthesis refers to number of survivors at 8 weeks of age.
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However at 8 weekse of age on both diets, all the males were hesvier than
the femalee in the grouns under study. NWo sttempt was nade tc determins
statistioally the significence of & sex difference at 4 weeks of age on
treatmenta B and ¢, because of the small number of progeny involved.

The results eas summarized in Tables XII, XIII, and XIV show that the
maternal diet does produce an effect in the growth rete of the progeny snd
that the growth retes are also influsenced by ehick diet, regariless of the
source of progeny.

The effects of maternml diet upon feather pigmentation of progeny are
summarized in Table XV. Irrespeciive of shick diet, the percseniage of blaok
arxi/or white featiiers wes groatest in Group I chicks, 7The addition of syne
thetic folie acid to the maternel diet reduced the percentage to a greater
degree, The percentage of ebnormal feether pigmentation of Group I chicks
wes muoch less or treatment C tham on the other 2 treatmentes, The reason
for the lowered peroontage of BW feathers in Group IV chiocks on treatment
C than on treatment B may be explained on the basis that follie asid stores
in the bodies of the ohleks were not great enough to earry the chicks through-
out the first 4 critical weeks of life on treatment B. These results strong-
ly indicate the tremendous influence of meternsl diet as well es chiek diet
upon abnorwal feethsr pigmenbtatlion in progeny. Iun all instances, Arrespective
of chick diet, ths percembege of abnormal feather pigmentetion was greater
in wales than in females, thersby indicating a sex difference in this re-
spoot.

Feather developmsnt is also greatly infliuenced by maternal diet, as
is shown in Teble XVI. The percentage of chigks bearing normal feathers

from the standpoint of structurs and pigmentation was lowest in Group I



TABLE XV

FFPECT OF “ATHREAL 01T UPDN ¥ ATHED TIGUENTATION OF PROGENY

TOTAL SURVIVOIE . T BAYN PERCENT
MATERVAL AT 8 WEFKS ! YO, B® UEATHEKS* {FERCENT BV FEATYERS| BY FEATHERS OF
DIET L _ . MIXED SEXES
WALTS  FEWALES | LALlIS  FRUALTS HALES TRNALLS
TRUATIRNT A
1 3 0 3 0 100 0 100.0
11 4 3 1 0 25 ) 14.3
111 5 7 0 ¢ 0 0 0.0
Iv 8 3 1 0 12.5 0 9,1
TREATIENGL B
1 42 22 31 12 78.7 54,5 67.1
11 43 44 3 1 6.9 2.2 4.6
11T 45 41 5 2 11.1 4,9 8.1
v 57 54 5 3 8.1 5.6 7.2
TREATHERT C -
1 87 &7 37 22 5542 32.8 44,1
11 37 40 4 0 10.8 0.0 5.2
111 52 46 9 3 17.3 8.5 12.2
Iv 53 57 2 O 3.8 0.0 1.8

% B represents black and/or white feathers.

8%



TABL: X1

FFEECT OF FATERNAL CIRT UPON FUEATHER DYVELOPVENT OF PROGENY

TOTEL I TRRCERT MEAY FRCENT FEATHER GCORE | VEAN FLATIFR . : "MEAN PERCERT
SURVIVORS ¢ NORMAL | MIXED | FOR | SCORE OF | PERCENT | By, OF
VATERNAL) &7 8 UFFKS ;| CHICKS FORWAL SFRES NORMAL CHICKS . MIXFD SEXES |  Byp o smxms
65 e 58 e +r ] idd e
I 3 0o o 0 0 0 0 0 0 0 0
I 4 3 75 100 85.7 100 100 100 o 0 0
1T 5 7 8 100 81,7 100 100 100 20 0 8.3
w 8 3  87%5 100 90.9 98.6 100 99.3 0 0 0
I 42 22 2L4 6.4 26.6 98,4 9848 96,8  40.4 22.7 34,4
II 43 44 907 95.5 93.1 98.9 99,8 99,4 6.9 2.2 4.6
11T 45 41 73,3 92.7 82,6 97,2 98.9 98.1 22,2 2.4 12.8
w57 54 82,5 98.1 80,1 9845 99,3 98,9 8.1 3.7 6e3
TREATVED
I 67 67 2.8 61.2 47,0 97.9 98,7 98.3  32.8 14.9 23.9
1 37 40 832 100.0 94,8 99.3 99.7 99,5 0.0 0.0 0.0
I 52 46 80,8 89,1 84,7 99.4 99.9 99.6 7.7 645 7.1
IV 53 37 925 100.0 95,6 98,4 9949 99,2 3.8 0.0 2.2

62



chicks, irrespsctive of chick diet. Chieks from the fellie acid supplemented
groups (Group II & III) comparsd favorably with those from Group IV on all

2 treatments from the standpoint of feather development. All the chicks
bearing normal feathers had a very good feather rating, as indicated by +the
feather score column., The chicks from sach group (except Group 1) could
not be distinguished from one another in regard to the degree of feathsr
development and general appsarance,

Those chicks bearing normsl feather plgmentetion but not normal feather
development were found in greatest numbers from Group I deams. The addition
of synthetic folic scid to the maternal diet reduced the "By deficiency”
greatly, as compared with Group IV chicks. The percentage of Byp defie
cilency was lowest on treatment C for all the progeny.

In all instances, regardless of chiek dilet, males showsed a greater
percentage of abnormal festher development then females of the sams groups,
thereby indicating a sex differsnce in regard to the degree of normal feathe
or development,

To illustrate more clesrly the general appearance of chicks bearing
abnormal feather pigmentation and/or poor feather development, figures 1
4o 6 are enclosed in the following pages: figure 1l reprssents a normal
chick at 8 weeks of age from the standpoint of feather pigmentation and
development, The chick in figure 2 is one of the progeny from Group I
dams fed the folic acidelow basal diet and ropresents a typical example
of abnormal feather pigmentetions Hoties the large black and white arees
in the primary and secondary wing feathers, Also notice the varyving shades
of red pigment on the wing coverts. PFigure 3 represents a typical chiok

with a Blp deficiency which is characterized by broken wing feather tips
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and by frayed feathers on the dorsal region of the chiek., Although a few
chieks were found to be abnormal in both fsather pigmentation and develope
zend, most chicks bearing a Bjpg deficiency showed normal feather pigmentation,
Another tvpe of Byp deficlency is found in figure 4, in whiech the wing
feather tips ars not broken off but are somewhst curled and rough appsare
ing. In additlon, the feathers growiig on the dorsal arsa of the chiek
are very fuszy, downelilke, and very light in color. A sherp contrast is
noticed between this ehieck snd a chick shown in figure 5, which is normal
in every respsct., XKotlce the fine looking, well-formed feathers evsry=
where. Pigure & shows the 2 chielks in figures 4 and 5 together to give
an illustretion on the effect of matsrnal diet upon feather pigmentation
and structure in progeny.

4. Chick Experiment 2., The high percentage of abnormal feather pig-

mentation obtaine: with Group I nrogenmy in Chick Experiment 1 led to the
sot=up of this experiment to dotermine whether or not a dietary factor
added to the basal diet would reduce the purczntage of abnornal feather
pigmentation to & minimum,

Biginning with the 16th hateh, all the Group I progeny were winge
pedlgreed and ali the other progeny from the & other groupe of dams were
discarded at hatching time, An effort was made tu segregats the chiocks
in such a way that the progeny from each dam would be represented in equal
nuzbers on both the basal and supplemented diets. After the first 4 weeks
on thelr respective diets, the survivors were then fed diet 4 for another
4ewea’c period,

Table XVII represents & summary of the mortelity and growth data of

progeny from Croup I dams, In most instances, the mortality was greater



Figure 1. A NORMAL COCKEREL A3 8 WEEKS OF AGE



Figure 2,

A COCKEREL FROM OMB OF GROUP I DMS, GHtMIHG
TYPICAL ABIORML FEATHER PIGOTTATIOH

&p



Figure 3. A TYPICAL CHICK FROM THE PROGEKT OF GROUP I DAPS,
SHCWIMG TYPICAL POOR FEATHER STRUCTURE



Figure 4* ANOTHER EXAMPLE OF POOR FEATHER STRUCTURE,
IN WHICH THE FEATHERS ARE CURLED AND FRAYED

46



Figure 5. A NORMAL PULLET FROM SAME HATCH
AS THE CHICK IN FIGURE 4
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Figure 6.

COMPARISON OF (HICKS IN FIGURES 4 AND 5

47
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TABLE XVII

EFFECT OF CHICK DIET UPON XORTALITY AND GROVTH RATTE OF
PROGENY FROX DAMS Fr¥D DIET 1

"HEAN BODY WEIGHTS

DATE | NO. CHICKS | OF MIXED SEXES
oF
HATCH | DIET © AT AT 8 = AT 4 AT 8
:  START  WIFKS ' WEEKS  WEFKS
(grams)
3/26/48 Basal 20 10 174,1 560.7
Feces #1 ad libitums 19 3 191,.3% 617,.0
/9 Basal 20 9 200.1 602 .6
5% feces 1+ 19 11 185.7 58249
4/20  Basal 18 14 212.7 610.4
&7 feces -/2% 13 7 191,56 614,9
5/4 Basal 19 6 1520 485.6
1% lysine 15 8 199.9 59645
6/1 Basal 20 11 206,.6 568 .4
200 neg. folic aeid /100 gms. 20 17 249.6 657.1
6/11 Hasal 17 9 223.1 58241
5% dried cow manure 17 11 199.4 B47.2
6/25  Basal 16 7  249,6 706 o2
5% feces 2% 18 8 232,68 711.0
7/6 Basal 15 10  235.5 548.6
6.6 mg. Parvo/100 gms. 16 15 261,56 604.6
7/20  Basal . 16 13 240.5 66142
1% lysine ¢ 200 meg. 14 12 271.6 718.4
folic acid/100 gms.
8/25  Basal 11 10 228.0 663,1
2 egg yolks /1 »ilogrames 9 8 25547 682,1

# Foces {1 = feces obtained from Group IV dams
Feces {2 » feces obitained from Group I dems

** Bgr yolks were obtainsd from eggs laid by Group I dams
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on the basal diet than on the supplemented diet. However, the last 3
hatches had the least mortality on the basal diet of all the hatoches com-
bined.

Y/nen chicks were fed fresh hen feces ad libitum or et a levsl of b
percent, the mortality was somewhet higher than on the other supplemented
diets, Hen feces {ed at 5 percent, regardless of source, depressed growth
over the basal group. However, the feces fed ad libitum did inerease the
growth rate over the basal group in spite of the high mortality incurred,
The reason for using fresh fsces was because folic acid activity is de~-
stroyed by heating (Cheldelin et al,, 1¢43).

At 4 weeks of age, of all the supplements that produced a growth
response as eompursc with the basal diet, the greatest growth rezsponse
wes produced by lysine, folic acid, and a combination of lysine and folie
ecid in the following order, Dried cow manure at the level of § percent
depressed the growth rate,

It will be interesting to note that the becal group chicks grew at
a2 heavier rate as the hatches extended into the summer months, In all
hetches sxcept hatches 4/9 end 6/11 the supplemented groups were heavier
than the basel groups at 8 weeks of age. In hatch 6/11 the depressing
effecets of cow manure may have been so great during the first 4 weeks that
normal growth was not fully resumed during the second 4 weeks on & normal
broller diete

The effects of the sup:lemented dliets upon feather pigmentation are
summarized in Table XVIII. The mean percentage of BY feathers of mixed
sexes shows that all the suprlements added to the basal diet (except

hatch 4/9) did lower the degree of abmnormal feather pigmentation to a



TABLE LVIII

“FPECT OF CHICK DIST UPON FEATHER PIGHVENTATION
OF PROGEIY FRQI. DANS FED DIET 1

1 HEAN
RATE | TOTAL PERCERT PERCTENT
OF ; SURVIVORS o B OF
HATCH CHICK DIET* ' AT 8 WEFES FIXED SEXES
WAIES FEMALYS MALFS FEMALIS
3/26 Basal 5 5 60 100 80
Feces -1 ad libitum 0 g o 33.3 33¢5
4/9 Basal 4 5 26 100 $6.€
5% feces 1 8 3 87,5 66.6 8l.8
4/20 Basal 9 5 7.7 80 78.5
&% feces {2 3 4 66,6 25 42,8
5/4 Basal 4 2 76 100 83.3
1% lysine 3 5 66.6 20 37,5
6/1 Basal 6 5 100 80 90,9
200 mer. folic acid/100gms. 11 6 18,1 0O 11.7
6/11 Besal 4 5 75 60 6C.8
5% dried cow manure T 4 Ti.4 25 54.5
6/25 Basal 5 2 60 50 57.1
5% feces ;2 2 8 v G%e 28
7/6 Basal 6 4 100 50 80
6.6 mg. Parve/100 gms. 4 11 76 9.1 26.8
7/20 Basal 6 7 83.8 57.1 6942
1% lysine and 200 meg. 9 3 3383 O 25
folic acid/100 gms.
8/23 Basal 4 6 100 50 70
2 ege yolks/fkilogram 4 4 50 50 50

* Diets are described in Table XVII
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lesser or greater degree, as compared with the basal diet in each hatch,
Folic acid and Parvo were the most effective supplements in reducing the
degree of abnormal feather pigmentation to & minimum, Dried eow mmnure
was the least effective of all guprlements in this respect. 1In the feces
sxperinents, 5 percent of foces /2 and feces #1 ad libitum reduced the
abnorrnality to a small degree. However, 5 percent of feces #1 actually
inereased the abnormality over the basal group. Why the same source of
feces fed ad 1ibitum and et 5 percent would cause different responses cane-
not be explained. No conclusions can bs drewn to the effectiveness of
source and level of feces in the prevention of abnormal feather nirrsatabtion
because only one test was run with feces %1,

In the first 4 hatches, the percentage of abnermal feathsr »igmentation
was greatsr in the females than in the males on the basal diet., The re-
verse wes true for the next 6 hatches., With the excephion of hatches 3/26
and 6/25, the males of all hatches showed yreater percentage of abnormal
feather pigmentation than the females on the supplemented diets.

. In regard to the effect of supplemented diets upon feather developw
ment as sumnmariged in Table XIX, lysine, follec acid, Parvo, combination of
lysine and folie seid, sgg yolks, dired cow manure, aad one test of 6 pere
cont of feces /2, all reduced vitamin Big deficliency %to & lower degree over
the basal diet. The percentage of mixed sexes with normal feathers was
greatest with folic aeid, combination of folic ecid and lysine, 1 %trial of
5 percent hen feces -2, and Parvo. Dried cow manure and 5 percent of feces

#1 were least effective from the standpoint of producing chieks with normal

featharing.



TABLE XIX

EFFECT OF CHICK DIET UPON FEATHEL
OF PROGENY FROM DAMS FiD DIET 1

S TRUCTURE

, VAN g VAN
DATE  TOTAL , PERCERT | PRRCERT
U . SURVIVORS | FRRTENT Byo OF | PERCENT  NORMAL MIX'D
HATCH. CHICK DIET* AT B VEIXS Bio YIXED SEXFS] FORUAL CHICKS  SEXES
‘« MALES FLUALES MALFS FRBALES (BALES FEVALES
3/8 Basal | 5 6 60 0 30 20 0 10
Feces #1 ad libitum 0 3 0 0 0 0 6646 6646
4/0  Basal 4 5 7 20 44,4 25 0 11.1
5% feces i1 8 3  3T.56 6646 45,4 0 3503 9.1
4/20 Basal 9 5 1l 20 14,3 22,2 20 21.4
5% foces #2 8 4 33,3 0 4,3 33.3 T 44,4
5/4  Basal 4 2 25 100 50 80 0 16.6
17 lysine ] 5 33,3 20 25 33,5 80 62.5
6/1  Bazal 8 5 33.3 20 27.2 0 20 9.1
200 mog. folic ecid/100 gms, 11 6 2.1 © 5.8 72,7 100 8243
6/11 Basal 4 5 75 20 44,8 O 20 22.2
5% dried eow manure 7 4 28,6 25 27.2 14,2 T 36,3
6/25 Basal 5 2 20 0 14,2 20 50 3343
&% feces {2 2 6 O 0 0 100 66,6 7540



TABLE XIX (CONTINUED)

EFFECT OF CHICK DIET UPON FEATHER STRUCTURE
OF PROGTNY FRO¥ DAMS FED DIET 1

: ? TERN VEAN
DATE | . TOTAL PERCERT ! PERCENT
oF | | SURVIVORS | PERCENY Bjo OF | PERCENT  NORVAL WIXED
mcg§ CHICK DIET* ‘ * MIXFD SEXES | NORMAL CHICKS  SEXES
{ 3 s MALE \
7/6  Basal 6 4 16.6 25 20,0 © 50 20,0
6.6 mg. Parvo/l00 gms. 4 11 0 0 0 25 9.9 7343
7/20 Basal 6 7  33.3 57,1 46,1 16,6 28,5 23,1
19 lysine and 200 nmeg. 9 5 0 0 0 66.6 100 7640
folic acid/100 gns,
8/2% Basal 4 6 O 50 30 0 33.3 20,0
2 egg yolks /kilogram 4 4 25 0 12,6 50 50 50.0

* Diets are desoribed in Table XVII

¢q
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Because of the small number of survivors at 8 weeks of apgs, no at-
tempt was made to determine stetistacally a sex significance of abnormal
feather pigmentetion and of vitamin B1o deficisncy.

5. Chick Experiment 3. This experiment was devoted to chiocks obw

tained from mass matings on the Collegs Poultry Farm, To obssrve the
effect of the first 2-weeks' diet upon subsequent growth, with folie acid
as the limiting feector, three series of experiments were conducted for a
period of € weeks, 1In series A the day-o0ld chicks were weighed individe
ually and only those weighing 40-44 grams were selected and givem their
respsctive diets at hatching time. The sezlection of chicks in both serics
B and ¢ was slightly different from that in series A, All the day=~old
chicks were fed the hen basal diet 1 at hatching time in series B and diet
4, typical of broiler mashes, in series C. At Z weeks of age all the
survivors were weighed individually and normally distributed with a range
of 55 to 140 grams in series P and with a renge of 60 to 140 grams in series
C. The mean weight was 95 and 100 grams in series B and series ¢, respeet-
ively., Only those chicks within a renge of 90110 grems in both series
were selected for the experiments, and all the other chicks were discarde
#d. The selected cohicks were then fed thelr respsetive diets from the
second to the sixth week, Repitition of 3 experiments in esch series wsas
made, with the exception of the 300 miecrogram level. Only one test was
run at this level,

The effects of the first Zeweeks' dist upon subsequent growth rates,
feather pigmentation and feather develorment of chicks fed supplements from
the second to sixth week are summarized in Table XX, In seriss A in which
the chicks were fed their respective diets Trom hatching time on, those

chicks fed diet 4 produced the greatest growth response, as indicated by



TABLE XX

TFFPECT O FIRST 2 VIBFES DIRT UPON SUBSEQENT GROGTH RAVES,
FEATHER PIGHMENTATION AND FRATHER DIVELOPMENT OF CHICKS FED
SUPPLEMFN S FROY THE BaCOND TO SIXTH WEIK

“NO. | AVERAGE PERCENT
CHICES GAIN  GAIN
CHICK DIET AT 2  IN4  OVER FEED

2nd TO 6th VEIK XEEKS | WETKS = BASAL ° FFPICIENCY* | BY
SERILS A = CHICKS ON SUDPPLIMANTS AT HATCHING TIME
grams
Basal (diey 1) 49 305,2 - 0.322 4 3
200 neg. folic 2cid /100 gms, 49 339.,2 111.1 0,406 o 0
400 mog. foliec acid/100 gms, 30 362.2 115.4 0447 o o
Broiler mash {(diet 4) 50 394.8 129.4 U411 o 1
TERIIS B = CHICKS OK DILG I FIRST 2 WEIKS

Diet 1 30 303,7 - 0,361 2 2
50 meg. folic acid/100 gms, 30  321.1 105,7 0354 3 4
100 meg. folic acid/100 gms. 30 327.1 107.7 0.346 1 3
200 meg. folic acid/100 gms. 30 521.5  106.9 0327 2 4
300 mege. folic 8cid/l00 gms. 10  315.6  103.9 0.338 2 0
400 meg. folie acid /100 gms, 20 318,3  104,8 0,349 2 3
Diet 4 30 351.6 115.8 0.545 3 2
_ SEHIBS C = COICES ON DIET & FIIET £ WBiKS -

Diet 1 29  315.5 - 0,533 1 3
60 mog. folic acid/100 gms. 29 344,2 109.1 0.352 2 4
100 meg. folie acid/100 gms. 26 558,59 114.1 0.346 4 2
200 mege folic acid/100 gms. 29 316.3  100.3 0.323 1 1
300 mog. folic 2cid/100 gms. 9§  202.4 95.8 0,333 0 ¢
400 meg. folic acid/100 gms. 29  345,0 109.4 0.352 T 7
Diet 4 29 344.2  109.1 0.356 0 o©

* Feed Tfficiencys Tobtal gain im weight
Total feed consumption




the percent gain over the basal chiecks. The chicks fed the basal diet grew
the slowest. Of the & chicks that showed sither abnormal feather pigmentaw
tion or poor feather structure, 7 were from the group fed the basal diet,

In series B when day=old chicks were fed diet 1 for 2 weeks, followed
by fvlic acid supplements from the second to the sixth week, the growth
response was less than for the corresponding pgroups in series A. The groups
fed the basal diet and diet 4 produced the slowest and the most rapid growth
regponse, respectively, in series B. The degree of abrnormal feather pige
monbation and feather structure was equally distributed among all proups in
the series, even on diet.4,

When day-old chicks were fed diet 4 during the first 2 weeks of life
and then transferred to folic aecid supplements at 2 weeks of age in series
C, the group fed the basal diet grew at a slower rate than all the folic
acidesupplemented groups except the 300 microgram level, In this case, no
comparison between the 200 mierogrem level snd the other groups in the series
should be considered because of the small yumber of chiecks involved in the
300 mierogram groupe. The growth response on ths 50, 100, and 400 microgram
levels was equivelent to that obtained in the group fsd diet 4.

A comparison of series A, B, and C shows that the group fed the basal
diet in series ¢ grew at a slightly heavier rate than the corresponding
grouy in series A and B, a faet indicating e eritical need for folic acid
in the basal diet at hatching time (diet 4 conbsined 159.5 mierograms of
folic acid per 100 grams of diet),

From the standpoint of feather pigmentation and structure, the degree
of abunormal feather pigmentation and poor festher structure was lowest in

series A, and equally digitributed in series B and C.
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Fead efficiency figures for series A, B, and C are submitted in Table
XX, Udortality was negligible in the 3 seriss,

A fourth series, series [, was condueted to evaluate the nutritional
properties of Parvo, & cruds folic acid supplement, in a practical ration
low in folic ecid, The procsdure for selecting chicks and placing them on
their respective diets was similar to that explained in series A, Twenty
chiclks were used per groups only one sxperiment was conducted. After be-
ing on their respectlive diets during the first 4 weeks, the survivors wers
fad diet 4 during the second 4 weeks, Feed consumption rscords were kept
during the first & weeks.

The results of series D are summarized in Table XXI. The addition of
Parvo to a folic acid-low basal ration appeared to produce & growth response
equivalent to thet on diet 4 at 4 weeks of agc. Several levels of Parvo
did not produce a growth rate grsater than that obtained on the bzsal diet.
The 5,100 mierogram level produced & greater growth rssponse than the broil=-
er ration (diet 4).

At § weeks of age the mean body weight of mixed sexes indicated that
Parvo fed at & minimum level of 35,400 mierograms per 100 grams of diet to
supply 100 mierograms of folie acid per 100 grams of diet supported normal
growth in chieks fed a folic acid-low ration during the first 4 weeks, fole
lowed by diet 4 the second 4 weeks, as compared with chieks fed dlet 4
throughout 8 weeks.,

Chiocks showing ebrnormal feather pignentation were found in greatest
numbers on the basal diet, end next greatest on the lowest level of Parvo.
Tt will be interesting to note that of all the 156 chicks showing black and/

or white feathers, 13 were males,
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TABLE XXI

FYFLCT OF PARVO SUPPLIMENTS IN & PuACTICAL DIET
LOW IK FOLIC ACID WHEN FED TO NiW HAFPSHIRY
DAY-0L17 CHICKS

{ WRAN BODY 1:71GHIS |
OoF FEFD i z
LEVEL OF PARVO | NIXED SEXES  EFFICIENCY {  BY : B1p
ADVUED TO BASAL ' 4 TEEKSxx | ?
.4 WEEKS 8 WEFKS ! :
"~“ {greams) 2$ (all males)
¥one 231.4 (20)% 690.4 0.418

340 meg./100 gms. 237.0 (20) 684.,9 0.431
850 meg./100 gme.  231,7 (19) 720.4 0.407
1750 mog./100 gms, 242.8 (18) T18.9 0.433
3400 mog./100 gms. 287.6 (20) 737.8 0.403
5100 meg./100 gms, 25842 (19) 737.9 0.432
6800 meg./100 gmse 241.5 (19) 728.2 0.404
10200 moge /100 gms. 246.4 (20) 737.1 0.428
13600 meg./100 gms. 232,9 (18) 744.7 0,404
Diet 4 246,1 (19) 789.1 0.392

Ot OO O ot 1 03 N
N

OMOOQOOOKWOOC
OO 000 MmO

*  Fumber in parenthesis refers to number of survivors at 8 weeks of ege

Total gain in weight
Total feed comsumption

** TFeed Efficlency=
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6. Summery of chick experiments. In Chiek Experiment 1, chieke from

Group I dems showed a greatsr mortality rate, a slower growth rate, and a
grester percentage of abnormal festher pigmentation and of poor feeather
strueture than all other progeny, irrespective of chick diet, Group I
progeny did better in all respects on a normal broiler ration than on the
basal diet. ¥ales appeared to be more seusitive than females from the stande
point of abmeormal feather pigmentation and feather structure.

Peather pigmentation studiss with Croup I progeny in Chiek Fxperiment
2 showed that folie acid and Parvo were the most sffective supplements in
redueing blecik and/or white feathers to a minimum on a basal diet low in
folic acid, Dried cow manure was less effective in this respect. A come
bination of folie &cid and lysine; Parvo; and folie acid reduced sbnormal
fenti:er structure to & lesser degree,

A compariscon of the first-2 weels' diet upon subsequent growth in
cnieks obteined from ferm mass matings showed scome differences, as indicated
in Chick Dxperiment ¥, The growth response for the folic aeld supplemented
diets was greatest in series A, Those chisks fed the basal diet in the 3
serics were the heaviest in serles C., The degree of abnormal feather pig=-
mentation and feather structure was grvater in series B and € than in series
£,

A sample of Parvo in serias D showed to be a satisfactory supplement
for chicks fed & fulic acid-low basal ration. A level of 3,400 micrograms
per 100 grems of basal diet during tne first 4 weeks of life, followed by
& normal broiler ration the second 4 weeks produced & growth response
equivaient tuv that obtainaed with chicks fed e normal broiler ration throughe

out 8 weeks,
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DISCUSSIOR

£. Yiudies with Laying Pullets

The folic¢ acid requirement for normal egy production in New Hempshire
nullets fed a practicsl diled low ir folic acid is somewhere around 33,8
micrograms per 100 grams of diet, according to the data ineluded in this
menuseript.s This is in general agresement with that of Schweigert et al,
{(19483) who reported thet normel s, production was maintained on a folie
acid=low ration containing 42 miorograms of folic acid per 100 grams of
diet.

Since a practical retion containing 26.% micrograms of folic acid per
100 grams of diet requirsd additional folic acid for normal eg production,
this finding is not ir apreement with that of Taylor (1947) who reported
normel egy procduction on a semiesynthetic ration containing 12 miorograms
of folic scid per 100 grams of diet, %This discrepancy may possibly be ex-
plained on the basis of breszd, age, diet, and environment. Taylor (1947)
used yearling Yhite Leghorn hens fed a semlesynthotic diet, whereas YHew
Hempshire pullets fed a practical diet were employsd in this manuseript,

In hatchability studles, a pructical ration containiung 33.8 micrograns
of folic &cid per 100 grams of diet was adequates to maintein aormal hsaiche
ability in New Hampshire pulleits. When the folic scid activity of this
retion wes lowered to 26.3 miecrograms per 100 grems of diet, folic acid
supplemeéntation was required for normal hatchebility. These findings are
confirmed both by Tayvlor (1947) who reported that a semiwsynthetie ration
containing 12 micrograns of folle ecid per 100 grams of diet wes not ade=~

quate to meintain normal hetchability and by Schweigert et al. {1948) who
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found that & practical ration oontaining 42 micrograms of folic escid per
100 grams of diet was adequate to support normel hatehability,

Fven though a prectical ration containing only 33.8 microprams of
folic acid per 100 grams of ration 1s adequate for normal egp production,
fertility, and habchability, this ration did lower the folic acid activity

in eg:s laid by dams fed ths basal diet than in those laid by dams fed the

folic acid supplemsnted diets., 7This finding is in general egreement with
that of Cchweigert et al. (1948),

Yo differences in the general appearance of progeny were observed in
basal diet 1 described in this manuseript. The results obtained in this
manuseript on diet 1 revealed differences in hemoglobin levels in favor of
the follic acid supplemented diets. Thus these results would indicate that
e practical retion containing 33.8 micrograms of folic scid per 100 grams
of diet would need additional folic acid to maintain hemoglobin levels,
since “ehweigert st al, (1948} revorted no differences in hemoglobin levels
of laying pullets fed a ration containing 42 microgrems of folic acid per

100 grams of diet.
Be Studies with chicks

1, Chick Experiment l. Fo mention was made of any sffect of mater-

nal diet upon mortality, growth, and feathering in chicks in the work of
Teylor (1947) and of Schweigert et al., (1948), In growth studies with
turkey poults secured f{rom dams fed the basal diet, Schweigert et al, (1948)
did not report any effects of maternal diet upon feather »ipmentetion and
feather structure., Thus no comparison could be made between the 3 basal

diets in this respech,.
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The results obtained in Chick Experiment 1 in this mamuseript clearly
indicete the influence of matornal diet uvpon the pgrowth response of progen; .
These resulis are substantiatsd by the work of Rubin end Bird (1947) who
suggested that the unknown growth factor was btransmitted by the hen to her
progeny through the egg, and by Robblee, Wichol, Crav:.n, Tlvehjem, and
Halpin (1948) who stated that the prowth response of the chiek is influenced
by the dam's diet,

That the males showed & greater incidence of abnormel feather pige
sex difference in the folie geid reguirement for normal feathering.

2. Chick Experiment 2. Lillie end Briggs (1947 ¢) rerorted a level

of 150 micrograms of folic acid per 100 grams of urified diet to be ade
equate for normal fsather nigmentetion in New llampshire chicks obtained
from dans fed & normal breeder mesh, The faot that the addition of 200
nicrogrems of synthetic folle acid per 100 grams of & folic aclidelow praoe
tical diet did not prevent entirely the oecurrence of abnormal fsether pig=-
mentetion in progeny from dams fed a folic acidelow ration sugrests the
nossibility of a greater folie acid requirement for progeny from dams fed
& folic acidwlow ration than for progeny from dams fed a normal ration,
from the standpoint of feather pigmentation. This hypothesis is strongly
sup orted by the work of Lucrey, lioore, “lvehjJem and fart (1947) in thet
dietary differences in the diet of hens used as a source of chicks eould
affect the bodlly reserves of chicks which would, in turn, affect the chick
crowth responses on similar diets in experiments conducted at different
timss,

The irnereased growbth response on basal dist 1 dus to lysine supple=

mentation may possibly be atiributed to & slight lysine deficieney in the
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bosal diet, According to the lysine activity of feedstuffs evaluated by
Alrguist (194€), basal diet 1 contained ap roximately 0.77 percent of ly=-
sine, and the lysine requirement for chicks is approximetsly 0.2 percent
(Grau, Kratzer, and Asmundson, 1946).

The growthedepressing efiect of dried cow manure may possibly be ex-
plained on the basig of a growtheinhibiting factor present in dist 1.
Csonka and Olsen (1949) presented some very interesting facts about appar-
ent antagonism between dried cow manure and casein, One lot of hens was
fed & soybean meal diet and the other lot, a 20 percent casein diet, The
progeny from these 2 lots were fed & normal broiler ration conteining §
percent of driasd cow manure., The growth response of progeny from casein-
fed hens was greatly deépressed, as compared with that of proseny from soy-
bean meal-fsd hens. The authors concluded thet a growth~-inhibiting factor
in ecasein was transmitted by the hen to her progeny through the eg; which
depressed the rrowthepromoiing properties of drisd cow marnure in a normal
broiler ration, In this respect, the growth-inhibiting factor under study
may possibly be closely related to that present in dried skim milk in diet
1, which might account for the growth depression of folic acid-deficient
chicks on basal diet 1., 7Tie growtheinhibiting factor could not possibly
be present in the other ingredients, including fish meal, in diet 1 be-
ceuse no growth depression was observed on a diet containing 4 end § per=
cent of Tisgh meal and of dried cow manure, respectively, when fed to
Rhode Island Red chicks, according to the work of Lillie, Marsden, {iroschke
and Bird (1949).

In growth and feather pigmentotlion studies with Group I progeny, bac-

terial synthasis should be given some consideration in the feces experiments.
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Teply, Kreul and ilvehjem (1947) reported thet excess niecin in = purified
diet fed to rats inoreased the synthesis of folic sclid and that excess folic
acid inereased the synthesis of niacin, ¥rirsht and Welch (1944) showed that
deficient rals exereted more folic acid in feces than normal rats on & puri-
fisd diet conteining no succinylsulfathiazole. The diet of deficient rats
contained milk, Eichtefiamd Rice (1945) reported that rats fed & ration
deficient ir all components of the vitamin B complex thrived on feces se-
cured from normal rats, %ortzlity was lowered, and normal growth responses
resulted from feeding noramal rat feces Lo deficient rats,

Fvidence was presented by ifefinnis, “Stevens and Groves (1947) to show
thet synthesis of en unidentified chick growth factor in hen feces took
place aftsr excretion rather then to any extent in the digestive tract,.
Incubation at T2 hours at 30 degrees Centigrade stimulated synthesis of
the unknown growth factor in hen fsces, whereas feces in the frozen state
contained little or none of the facter. The feces were collected from
Thite Leghorn nens fed a deficient diet,

In the light of these findings, it was hopad that the sddition of
fresh her feses to & chick basal diet low in felie acid activity would
throw further light on the role of bacterial synthesis, from the stand-
point of growth and feathering of progeny secured from dams fed & folie
acid~low practical ration. lowever, the growthedepressing effect of fresh
hen feces, regsrdless of source of dietary level in chiek diet, may be
attributed to the presence of the urine constituents of fresh hen feces,
as indicated by the work of Rubin, Bird and Rothehild (1946).

Furthermore, another possibility indicates that the folic acide

deficient ci:icks were not completely depleted of the unknown growth factor
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found in fresh hen Peces and in dried cow menure (Rubin end Bird, 1946)
because the chick basal diet (us well as the maternal diet) included flsh
meal which contained appreciable quantities of the unknown growth factor,
Sines the rats of Richter and Rice (1945) were deficient in all components
of phs vitamin B complex, they were more depleted than the folic acid=-

N
deficient chicks and, comsequently, responded more readily to the unknown
prowth foctor as well as other known vitamins in fresh feces from rats fed
a normal diet.

From the standpoint of festher pigmentation, fresh hen feces collected
from Group I and Group IV dams appeared o contain some "folic scid" ace
tivity. Just why © pereoent of f@ces from Group IV dams would produce a
greater degree of abnormal feather pigmentation then the seame scuree of
feces fed ad libitum may be explained on the basis that the surviving chicis
consumad more feces per unit of body weight than those fed & percent of
feces., As a result, greater guantities of "folic acid™ wers consumed,
However, no explanation is offered for ths greater degree of abnormal
feather pigmentation in the chicks fed £ percent of feces from Group IV
dams fed & normal laying mash than in those chicks of the same hatch on
the bhasal diet,

3. Chick Bxperiment 3., The fact that the growth resvonce of ohicks

fed 200 and 400 nmiecrograms of follic acld per 100 grams of diet was grester
in series A than in series C might possibly indicats & possibilidty of &
greater folic aelid requirement in the normal broiler raticn from hatehing
time on, In this respect, maximum growth might be expscted if chicks are
to be fed 200 and 400 microgrems of folic acid per 100 grems of & folie
acidelow ration frowm 2 weaks of age on. Furthermore, the addition of syne=

thetic folic acid irn a normal broiler ration at hatching time way possibly
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prevent, or reduce to a minimum, abnormal “sether pigmentation and noor
feather structure if chicks are to be fed e folic acid-low ration from 2
weeks of age on.

The greater incidence of abnormal feather pigmentation in series B
than in series A mey be explained on the basig of the first 2 weeks diet
in that the basal diet was so low in folic acid activity that the folic
acid supplements from the'&ecand to the sixth weelt were not adequate to
conpensate for the deficiency incurred during thes first 2 wesks of life,
On the other hand, the experimental procedure for placing day-old chicks
on diet 4 during the first 2 weeks, followed by folic acid supplements from
the second to the sixth week (series C) did not lower materially the degree
of abnormal feather pigmentation and feather structure, as had been ane
ticipated, It was felt that diet 4 fed during the first 2 weeks of lifs
would furnish adegquate guantities of folic acid to lower the percentage
of abnormal feather pigmentation in chicks, as comparsd with the corre=
sponding groups in ssries B, However, this was shown xuot to be itrue.
Chicks fed diet 4 i1 both series A and ¢ did not show any evidence of
black and/br white feather, but those fed the same diet in series B did
because of the first 2 weeks of basal diet. Since diet 4 contained 159,56
micrograms of folie acid per 100 grams of diet, the possibility exists that
diet 4, as well as diet 1, should contain at least 200 ricrograms of folic
acid psr 100 grams of diet for the first 2 weeks of life, if abnormal feather
pigmenbation is to bs prevented in chicks fed a foliec ameoid-low basal retion
oconteining folic acid supplements from 2 weeks of age on,

Since Parvo, & crude folic acid supplemant, was an effective supplee

ment in a folic acidelow ration, the results suggest thet Parvo be
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incorporated in broiler mashes whenever the folie acid aotivity is sub-
optimal due to omission of feedstuffs high in their folic acid mctivity

or due to inclusion of fesdstuffs in whieh their folic acid content was
lowered for one reason or enother,., Depending upon the folic acid activity
of Parvo, the incorporation of Parvo should be so as Lo supply & ninimum
of 100 micrograms of folie acid per 100 grams of diet for optimum growth

and normal feathering.
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CORCLUSIONS

l. A foliec acid=low practical ration containing wheast nmiddlings and
also containing 33.8 micrograms of folic acid per 100 ;rams of diet was
adsquate for normal egg production, fertility, and hatchability of Yew
Hampshire pullets,

2. ""hen ground wheat wes substituted for wheat middlings in a foliec
scid=low practical ration, the fellc acid asoctivity was lowered to 26.3
micrograms per 100 graws of diet. Additional folic seid was required for
normal egy production, hatchability, and body weight maintenance. Fertility
was not affected,

3. In a folic acid=low practical ration containing 33,8 micrograoms
of folic aeid per 100 grams, thie addition of folic acid improved body weight
maintenance, increased hemoglobin values, and raised the foliec aecid asctivity
of ez yolks of Yew Hampshire pullets,

4, XNo apparent differences were noted in down color, size, weight,
and viability of progeny at hatching time as & result of matermnal diet,

f. In viability studies, the progeny from dams fei & folic acid=low
prectical diet showed the greatest mortality of all progeny, irrespective
of ehiek diet. ¥o apparent difference were noted in the mortality of prog=-
eny from dams fed a folioc acid-low retion supplemented with folic scid and
from deams fed a typical laying mash.

6. In growth studies, progeny from dams fed the foliec aclid-low basal
diet showed ithe slowest growth reate of all progeny, irrespective of chick
diet, Generally speeking, growth of progeny from dams fed folic acid
supplements was nearly equivalent to thet of progeny from dams fed a typ-

ical laying mash.
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7. Teather pigmentation studies showed that the degrese of ebnormal
feather pigmentetion was pgreatest in progeny from dams fed a folic acide
low basal dist snd lowest in progeny from dams fed a typieal layving mash,
irrespective of chick diet.

8, A greater incidence of poor festher structure was found in proge
eny from dems fed the folic acid-low basal diet than in all other progeny,
irrespective of chick dist,

%. V¥ales appeared to be more sensitive than femeles to & folic secid
defieienocy from the standpoint of feather pigmentation and feather struecte
ure, thereby indicating a sex difference.

10, Of the 3 ehick diets under study; nemely, a folic aclde-low basal
retion throughout 8 weeks; this basal ration during the first 4 weeks,
followed by a normal broiler mash during the second 4 weeks; and the normal
broiler mash throughout ¢ weeks, the progeny from dems fed the folic acide
low basal retion did better on the broiler mash throughout 8 weeks than
on the other 2 chick diets I'rom the standpoint of mortality, growth,
feather pigmentation, and feather structure,

11. Synthetie folie acid end Pervo, a crude folic acid supplement,
were the wost effective supplements in redueing ths degree of abnormal
feather pigmentation to & minimunm,.

12. Dried cow manure and fresh hen feces depressed ths growth of proge-
eny from dems fed a folie acidelow hasel diet. Some foliec zncid activity
was present in these 2 compounds from the standpoint of abnormal feather
pigmentation,

13. Farm mass-msted chicks fed a folic acid-low basal ration plus

folie acid supplements from hatching time on for a pericd of € weeks
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acid=low basal diet or a typical broiler mash the first 2 weeks, followed
by folic acid supplements from the second to the sixth week.

14, The dsgree of abnormal feather pigmentation was greater in farm
mass-mated chicks fed either a folic acid-low basal ration or a typical
broiler mash during the first 2 weeks of life than in those fed folie acid
supplements from hetching time on,

16, For farm massemated chicks fed a folic acid~low basal ration dure
ing the first 2 weeks of life, the supplementation of synthetic folic acid
in this basael ration from the seeond to the sixth week did not prevent
abnormal feasther pigmentation, This finding was true for those chicks fed
& typical broiler mash during the first 2 weeks of life, followed by a
folic acid-low basal diet plus folie acid supplements from the second to
the sixth wesek,

16, For broiler mashes low in folie acid activity, the incorporation
of Parvo to supply a minimum level of 100 micrograms of folic acid per 100
grams of diet supprorted normal growth and normel feather pigmentation in

New Hampshire chicks during the first 4 weeks of life.
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APPENDIX

TABLE III

EFFECT OF DIET UPON FERTILITY AND HATCHABILITY OF
REv HAMPSHIRE PULLYETS IN BXPERIVENT 1

78

s
§ KC. i NO, DEAD GERMS# . PIPPED i NO.
DIFT | EGGS |FERTILE | BeGS | CHICES
[ SET | EGGS § 1 !
% i1 2 1 3 %
Group I 898 829 87 17 42 33 650
Group II 4569 422 28 16 23 24 332
Group I11 721 608 74 16 30 14 474
Group IV 711 642 69 14 33 13 b13
* 1 = dead germs the first 7 days of incubation
2 = dead germs between the Tth and 18th dey of incubation
3 = dead germs between the 19th amd 21st dey of incubation
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TABLE VII

EFFYECT OF DIET UPON FERTILITY AND HATCHABILITY
OF KE¥ HAVPSHIRY PFULLETS IN EXPERIMENT 2

79

! : ! :

' WO, | NO. |  DEAD GERIS® , PIPPED | WO,
DIET | EGGS |FERTILE { EGGS [ CHICKS

| SET EGGS 1 ; g

! 1 . 2 i 3 i
Group V 459 407 59 18 22 26 283
Group VI 527 478 44 13 9 11 401

* Legend of dead germs, see Table III, page 78.
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ABRTRACT

In folic acid studies on egg production, fertility, and hatchability,
4 groups each of 15 Wew Wampshire pullets were maintained in batteries,
Group I recsived & practical ration containing 33.8 miecrograms of folie
acid per 100 grams of ration (diet 1). Groups II and III were fed this
diet supplemented with 200 and 400 micrograms,respectively, of synthetic
folic acid per 100 grams of diet. Group IV received a typieal all=purpose
mash, ¥o differences were noted in egy production, fertility, and hetoh-
ebility of the 4 groups. Artificial insemination was employed. The progeny
from the 4 groups appeared normel with respect to down color, weight, size,
and visbility.

In Group I diet when ground wheat was substituted for wheat middlings,
the folle acid aetivity was lowered from 33,3 to 20.3 mierograms per 100
crams of diet, Consequently, additional foliec aclid was required to maine
tein normal egg production and hatchabllity. Fertility waes not affecthed,

Vortality, growth, feather pigmentation, end feather development of
progeny from the 4 groups were greatly influenced by maternal diet, 1In
vigabllity and prowth studies, the mortality was the highest and the prowth
rate the slowest in chicks from Group I dams, irrespeotive of echick diet,
Chick diets emploved weres hen basal ration (diet 1) throughout 8§ weeks;
diet 1 during the first 4 weeks followed by a typical broiler mash {diet 4)

the second 4 weeks; and diet 4 throughout 8 weeks.



Peather pigmentation and feather structure studies showed & high
porcentage of abnormel feather pigmentation in survivors from Group I
dams, irrespective of the chick diet, All obher progeny showed wvery little,
if any, evidenoce of this abnormal condition on any chiek diet, IMales
showed a greater percentage of abnornmal feather pigmentation and poor
feather development then females,

Addition of synthetic folic acid or Parvo, & crude folic acid supe
plement, was found to be the most efiective supplement in reducing the
degree of abnormal feather pigmentation, Preash hen feces and dried cow
manure showed little folie acid activity in this respect.

To observe the efiect of the first Z-wsoks' diet upon subseguent
growth, with folic acid as the liniting factor, 3 series of experiments
were conducted for a period of € weeks: series A, in which chicks were
fed foliec acid supplements beginning at hatching times series B and C,
in whiech ohicks were fed diet 1 and diet 4, rsspectively, for the first
2 weeks, followed by folic mcid supplements from the second to the sixth
week, Chicks in series A produced a greater growth response than those
in series B or C. The degree of abnormal feether pigmentation was greater
in series B and C than in series A,

Incorporation of Parvo in a folic acid-low ration to supply et least
10C miereograms of folic acid per 100 grams of diet supported normal growth

in New Hempshire chicks the first 4 weeks of life,



