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INTRODUCT ION

The isolation and crystallization of vitamin Bjp by Rickes,
Brink, Koniussy, Wood and Folkers (1948) and Smith (1948 a) has opened
a new field of nutritional research. It was socon demonstrated that
this vitamin was required for the growth of chicks. It was also found
that the improvement in growth obtained by the addition of animal pro-
tein to the chick diet could be explained in large part by its content
of vitamin ¥ps. Purthemmore it was shown that vitamin Bjs was required
for hatchability.

This study was undertaken to determine the vitamin EBjp re-
quirements of the pullet and her progeny, and the vitamin Bjz content

of the egy as affected by pullet diet,



REVIEW OF LITZRATURS
History of Vitamin Bjg

During Vorld War II, simplified diets devoid of or very low in
animal protein sources were fed to poultry from necessity. Poor growth,
poor viability, and poor hatechability marked their use, indicating a de-
ficiency of one or more growth factors required by the chick and the
poult, Hammond (1944 a and b) found dried cow manure and dried rumen
contents superior to alfalfa leaf meal for both the chick and the poult
in such a ration when the diet was adequate in vitamin A and riboflavin.
Further studies on this material revealed the presence of an unknown
growth factor (Rubin and Bird, 1946 a). An excellent review of the work
up to this point on the factor in cow manure was written by the editors
in Nutrition Reviews, 1546. In 1948 Bird, Marsden and Kellogg reported
a critical need in young turkeys for the cow manure factor.

Concurrent research in other fields (Shorb, 1947, Cary, Hartman,
Dryden and Likely, 1948, etc.) beyond the scope of this paper, revealed
that other animale and some microorganisms required this or s similar
factor, Clinical work revealed the need for one or several unknown
factors contained in liver for the relief of Addisonian pernicious anemia
in humans (Minot and Murphy, 1927). With remarkable foresight Castle and
Ham (1923) interpreted results on studies of this disease as indicating
the existence of an intrinsic factor secreted by certain stomach glands,
and an extrinsic factor which he deseribed as an essential complementary
factor found in meat, eggs, yeast, and liver, Hopes that the pripeipal
anti-pernicious anemia factor contained in these feedstuffs had been

discovered with the isolation of folic acid were gquickly dashed by the



reports of Bethell and Sturgie (1948) and Ross, Belding and Paegel
(1948).

Finally, on April 138, 1948, Rickes, Brink, Koniuszy, Wood and
Folkers (a) reported the isolation of biologically aetive crystalline
material from liver concentratss clinically active in the trestment of
pernicious anemia., Shorb (1948) confirmed the activity of this material,

tentatively named vitamin Djg, as the LLD factor for Lactobacillus lactis

Dorner, and West (1948) demonstrated its ability to induce favorable
blood responses in patients suffering from pernicious anemia. ©On April
24, 1948, Smith (a) independently announced the purification of two
amorphous forms of the anti-pernicious anemia factor from liver. 3Smith
cited unpublished clinical studies by Ungley in ILngland which demone
strated his material to be effective in stimudating blood regeneration
and to be effective also in the ireatment of three cases of subacute com-

bined degeneration of the spinal cord associated with pernicious anemia,
Chemical and Physical Properties

Crystalline vitamin Djp is a garnet-red compound which contains
cobalt (Smith, 1948 b, and Rickes, Brink, Koniuszy, Wood and Folkers,
1948 b) and PO, HH, and OH groups (Robinson, 1948), Acid hydrolysis of
the vitamin yields 5i6-dimethylbengimidazole. It is noteworthy that the
l:2-diamino=4 :5=-dimethylbenzene moiety appears in the above degradation
product, In vitamin Byp itself, and in riboflavin, indieasting a possible
relationship between the two vitamins. The vitamin appears to be a six~
group cobalt coordination complex with & molecular weight of 1,550 to
1,750. Analysis gave a composition typified by Cgi.gqHgs-92 Ni4 O13 P Co.

There are several weakly basic groups. Upon alkali fusion, vitamin By



F=

formed products which react with Ehrlichts reagent, This and other
tests are considered typical of certaln cyclic five-membered nitrogen-
contalning compounds including pyrreoles. The melting point was 300° ¢,
or above., The microblological activity was not affected by sutoclaving
at 121° ¢, for fifteen minutes, but it was inactivated upon standing at
room temperature in dilute sodium hydroxide or hydrochleric acid (Rickes,
Brink, Koniuszy, Wood, and Folkers, 1948 ¢, Brink, Wolf, Kaczka, Rickes,
Koniuszy, Wood, and Folkers, 1943, Kaczka, Wolf, and Folkers, 1942, and
Brink and Folkers, 1949).

When vitamin By, was catalytically hydrogenated, a product was
obtained which was called vitamin Bl2g. It appeared to have less than
. half of the biological activity of wvitamin Byp for rats, chicks, and
pernicious anemia patients (Kaczka, Wolf, and Folkers, op. cit.).

Vitamin Bjgy was crystallized by Pierce, Page, Stokstad and
Jukes (1949) and showed substantisl biological activity for chicks and
for L. lsichmannii 313. Fricke, Lanius, De-Rose, Labidus and Frost
(1950) compared the potencies of vitamin Bjp and vitamin Bypp for rats
and for humans suffering from Addisonian pernicious anemia and found
them egually effective., They concluded that ths 2 compounds wars
apparsntly cherically almost identlical., Stokstad, Jukes, Brockman,
Pierce and Broquist (1950) found equal activity for the 2 compounds for
the chick and L. leichmannii. Swith, Culbertson, Walker and Lees,
(1950) found vitsmin Bjp, vitamin Byay, and desoxyribosides of cytosine,
guanine, hypoxanthinsz, adenine and thymine on partition chromatography
of the vitamin Bjg group of factors. They stated that pure vitaxin Bjp
samples gave 2, som2times 5, zones of growth due ¢ artifacts producsd

presumably by oxidaticn on the paper,



Smith (1948 b, 1949) reported that the crystalline material
was very soluble in water, soluble in nearly anhydrous alcolivl, and in
glacial acetic aecid, hut insoluble in ether, chloroform, or non~-polar

solvents,
Relationship with Other Growth Factors

Crystalline vitamin Bys has Leen shown to replacs all or
nea:ly a2ll of the acid precipitate factor (ithe cow manmure factor)
(1illie, Denton and Pird, 1948) and the animal protein factor for growth
of chicks, (Ott, Rickes and “ood, 1948)., It replaces nutrient I for rat
growth and normal reprocduction (Hartman, Dryden and Cary, 1345 a). It
replaces anti-pernicious anemin liver extracts for pilg growth {Johnson
and Neumann, 1949) and is eseentinl for growth of mice fed thyroprotein
{Huff, 1949) as 2 "stress" factor. Children suffering from malrutrition
and growth failure were fed daily oral doses of vitamin Bjp with result-
ant heightened slertness and vigor, and a resumption of normal growth,
indicating that it is a growth factor for humans (ijetgel, Fargo, Smith
and Helikson, 1948). Although no confirmation has been published cone
cerning the identity of vitamin Byz with "zoopherin®, the growth factor
for rats described by Zucker and Zuecker, 1948 {a and b), the scurces and
affect of it indicate a very cloze relationship. It is probable that
vitamin By2s is Castle's postulated extrinsic factor mentioned previously
and that aksorption of it is aided by the presence of the intrinsic
factor of gastric juice (Berk, Castle, Welch, Heinle, Anker and ILpszteln,
1948, and Ternberg and Eakin, 1949). Although vitamin 32 accounts for
at least a major portion of the activity of the animal protein factor,

many groups of workers have presented evidence on the multiple nature



of the latter, Cravens (195C) has givsn an excellent review of the work
on this gueestion.

Resulis with microorganisms indicate a complicated interrela-
tionship between desoxyribosides; reducing agents and vitamin Byo, A
sunmary cf much of the work in this field, which is beyond the scope of
the present paper, is included in 2 review by Woods, 1949, Studicss on
the desoxyribesides have indicated slight if any activity on their part
as substitutes for vitemin Byp for higher animals (Reisner and West,
1942, and Lewis, Register, Thompson and Rlvehjem, 1949),

Some of the vitaming seem to bear a mere direct relationship
with the latter vitamin, UHigh levels of calecium pantothenate =nd
pyridoxine hydrochloride fed to chieks (Bird and Rubin, 1348) and high
levels of riboflavin fed to rats in the pressnce of sulfasuxidine
{Hartman, Dryden and Cary, 1942 b) seemed to partislly offset o daficiency
of vitamin Byp ~ The relationship of vitamin Bj» to choline and methionine
will be disecussad ir the ssction on the general functions of ths vitamin,

Vitamin Byg, described by Novak and Hauge (1948), is & fat-
solublz substance clearly different from vitamlin Djp. Vitamin Zj4,
deseribed by Eorris and Majnarich {1949), while apparently closely related
to both folic acid and vitamin Bys in funetlon, is alsc apparently an
entirely ssparste entity. It 1s extremely active in cell prolifuration
ir bene marrow cultures and has been effective in curing experisentally
incduced aznerla of rats. The authers belleve that it, not vitamin Ijp,
is Castle's postulated extrinsic factor.

It is possible that antibliotics may spare the level of vitamin
Bi2 which must be supplied irn the feed for the chick, by creating favor-

able conditions for a high rate of intestinal synthesis (Smith and



Robinson, 1945, and HeGinnis, Stephsnson, Levedie, Carver, Garibaldi,
Ijichi, Snell and Lewis, 1243), but it is luprobabls thal the actusl

physiological requirement lor the chick is reduced,
Functions - General

Vitamin Bjz functions in the eificient utilization of piotein
as shown by the intensilication ol the vitawmin deficiency uwien unusually
high lavels ol vegeitable proitsiuns arse fed to chicks or rabs {fuvin and
Bird, 1347 a, and Hertman, Dryden aud Cary, 19249 a),

The level of nucleoprotsin in liver basophilia of dogs is
coordinated with the level of vitamin Bja. Comssguently il is telleved
a deficiency of the latter relards protein synthesis {Stern, Tsaylor, and
Russell, 1940). This may be the [unction of ihe vitawin in preventing
pernicious anexia. Vitamin Byo msy be nscessary to convert tha lliymine
{ produced as a result of eatalytic action by folic acid) into thymidine
which is neseded for the manufacturs of nueleic acid for anew cells, such
as red blood cells and retieulocytes (Wright, 3keggs, and lulf, 1940}
The report of Fopper, Koch~Weser nnd Smanbo (1949) also sy gested a
possible role of vitamin Bjs in the synihesis of ribonucleic¢ acid in the
liver of the rat. Heports indicate an interplay between choline, betaine,
methionine and vitamin Byg, in which ths vitamin can reduce thé rejuirement
for the other factors for the chick (Gillis and Horris, 1949, schasler,
Salmon, and Strengthi, 1949),.

according Lo Emerson {194%) and Nichol, Dietrich, Cravens and
Blvenjem (1349) vitamin Bjp can counteract all thyrotexicity, thus re-
placing liver and liver extracts Ior that purpose, Test animals used

were, respectively, rats and chicks for the two studies,



Functions - I Poultyry

Whitson, Titus and Bird (1948) reported that the feeding of
the cow manure factor, in & diet high in soybean meal and containing no
animal protein, significantly improved hatchability. Thers wes no in-
fluence on hen body weight, egg production, or egg size. Rubin and Bird
(1948 a) reported the cow manure factor necessary for chick growth, In
1947 (b), they reported that the factor was transmitted through the egg
to the chick, They showed that the content of the factor in the eggs
was directly related to the level of the factor in the hents diet, Bird
{1946 ) showsed that chicks produced on diets devoid of the cow manure
factor (vitamin Bjp) suffered more than twenty percent greater mortality
during ths first week of life than undepleted chicks did. HNichol, Harper
and Elvehjem (1949), presented evidence that vitamin M2 does have some
influence on hemoglobin regeneration in chickens. Chicks fed on & folie
acid-deficient diet and injected with phenylhydrazine hydrochloride were
treated with folic aclid injections alone, which restored hemoglobin values
to normal. Vitamin Bjp injections alone gave no benefit, but a combined
injection of vitamin B2 and folic acid produced the most rapid regenera=-
tion. The effect could easily be an indirect action through improved
utilization of folic acid,

Lillie, Denton and Hird (1948) reported better feathoring of
chickens when they were supplied with vitamdin 3y9. Lillie, Marsden,
Groschke and Bird {1342) found that the apparent reguiresment of the
growing chick for vitamin Bz droppsd during the later stages of growth.
Robblee, Nichol, Cravens, Elvehjem and Halpin (1949) cited work which in-

dicated that even if the matemrmal diet contained supposedly adequate



levels of vitamin Bjs, the progeny still required supplemental vitamin
Biz in their diet to 4 wesks,

Nichol, Dietrich, Cravens snd Slvehjem (1949) presenied data
indicating that 15 mierograms of erystalline vitamin Biz per kilogram
of diet appeared to Le the nimlmum offective dose when hyperthyroid
chicks were used, although the exact lovel was not detenlned. JShtokstad,
Jukes, Pierce, Page snd Franklin (1949) founa that a minimui of 15 microe-
grams of crystalline vitamin Do per kilogram of diet (wheu fed in diets
containing seventy percent oJ soylean meal to depleted ew Hsupsiire
chicks) was as active in promoting growth as [ish solubles and liver ex=
tracts,

Ott (1942) has reported that depleted chicks under his cone
Altions required at lezst &7 ndcrograms of vitamin Biz per kilograu of
ration for masdmmus growbh,

If there is any need [or vitamin U1z for egy prowucticn, the
reguirement must Lbe low and at present 1s unknown. 7The guaniitaliive re=
guiresents of the hen for tho vitamin for normal hatchability, for viable
offspring and for good growth ol progeny fed various levels of vitamin
Elgrhave not been clearly defined, Furtherwuors there is a geneticel
relationship to the vitamin Bjz requiremeni of ihe chicken, which pirmits
soize birds to exisi satlsfactorily on levels guite deficient Ior clhers,

{bira, Rubin and Urosehks, 1347).
Assay Methods

both amicrobiological and macrobiologicsal techniques have buen
employed for vitamin Bjp assays, The first microbiological method, the

LLD assay of Shorb (1947 b) proved to be diffieult to use because of the

o~
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tendency of the species to disassociate. In the LLD assay method dis-
cussed by Greene, Brook, and MeCormack Iin 1349, the oxygen tension is
controlled, since it affecis the assay.

Several assay methods employ l. lsichmannii (Hoffmann, Stokstad,
Hutechings, Dormbush and Jukes, 1949, Peeler, Yacowits and Norris, 1949,
and others}, All of these assays have been complicated by the ability
of thymidine (Shive, kavel, snd Harding, 1948) and other desoxyribosides
(Kitay, McNutt and Snell, 1949) to replace or spare vitamin Biz under
assay conditions,

Foster, Lally and Woodruff (1949) have outlined a cup assay
for vitamin By» whieh avoids some of the diffieulties of standard turbi-
dimetric or titrimetric procedurss. The diffuse growth response of the
test culture to desoxyribonuecleic acid or to its constituent nucleosides
is eliminated,

The use of the protozoan Buglens gracilus has been suggested

for an assay since it apparently gives a quantitative response to vitanin
Bz but is inactive to thymidine (Hutner, Provasoll, Stokstad, Loffmann,
Belt, Franklin and Jukes, 1949),

Macrobiological techniques involving the rat and the chick were
already in use for the vitamin when it was isolated (Hartman, Dryden, and
Likely, 1946, and Bird, Rubin and Grosehke, 1948, respectively). Later
{1949) Bosshardt, Paul, O'Doherty, Kuff and Barnes employed a mouse
assay. All of thsse methods involved a preliminary maternal depletion
period prior to use of the progeny for assays. The above mousze assay,
some rat assays (Frost, Fricke, and Spruth, 1949, Register, Ruegamer,
and Elwvehjem, 1949 ) and some chick assay techniques have utilized

iodinated casein as a "strsss" mechanism to increase the sensitivity of



the animal to a deficiency of this vitamin. The chiek assay method
described by Bird, Rubin and Groschke (1948) utilizes a maternal de-
pletion period and a 2 week preliminary feeding period of a very high
level of soybean meal to the progeny, followed by a 2 week toest period,
GGrowbth is the criterion in all of these assays. No single assay, micro-~

biocloglical or macrobiological, is satisfactory in every rsapect,

Sources

Dried cow manure, fish meal, meat meal, meat scraps, condensed
fish solubles and other animal protein supplements have been used as
valuable sources of vitamin Byjo. Indications that the disetary history
of non-ruminants may have considerable effect on the value of their
flesh as a source of vitamin Bjp have been obtained by Register, Lewis,
Thompson and Elvehjem {1949). Stephenson, McGinnis, Graham and Carver
{194¢€) presented evidence further substantiated by Cunha, Burnside,
Buschman, Glasscock, Pearson and Shealy (1949) that soil stimulated
growth when added to vitamin Bjg deficient diets,

Cereal grains and vegstable protein supplementis are guite
deficient in vitamin Byp (Whitson, Hammond, Titus and Bird, 1945, and
McGinnis and Carver, 1947).

Varicus commercial crude conc¢entrates of vitamin Bjs produced
from microbial fermentation have also become available (Stokstad, Page;,
Pierce, Jukes, Heinle, HEpstein and Welsh, 1948, Ansbacker, Hill, Tieman,
Downing and Caldwell, 1942, and Rickes, Brink, Konluszy, Wood and

Folkers, 1948 ¢).



BXPURIMUNTAL PROCEDURE /ND HRBSULTS

A, Studies with Laying Pullets

1. General procedure. The studies with laying pullets involved
a preliminary pericd and two expsrimental periods, During the preliminary
period records of hatchability were obtained which served as a basis for
formation of equalized groups for the later work. Records on egg pro-
duction and fertility were also obtained. Basal diet 1, shown in table
1, was used to systematically deplete the pullets of any stores of vitamin
Ela’ during this period. Durations of periocds were August 27, 1949 to
November 8, 1949, November 8, 1949 to April 8, 1950 and April 8, 1950 to
July 27, 1950, respectively, for the preliminary period, experiment 1 and
experiment 2, OSixty New Hampshire pullets, 22 weeks of age, wore housed
in individual laying cages at the start of the prelimlnary period., They
had been reared on conventional starting and growing rations, Selections
woere made primarily on the basis of sexual maturity, although consideration
was also given to body weight and other qualifications., At the same time
New Hampshire meles were housed in batteries, They had been reared on the
same diet as the pullets., Pullets found to be unsatisfactory during the
preliminary period were replaced by others held in reserve on [resh litter
in laying pens under otherwise simllar conditions. After termination of
the preliminary period no further replacements were made., The pullets
were artifically inseminated with pooled semen twice weekly throughout
the entire study. Zggs were collected daily and stored at 50° F, until
incubated, Settings were made at two-week intervals. During the pre-
liminary period and first 4 weeks of experiment 1, the eggs were candled

on the sixteenth day of incubation. Thereafter they were candled on the



Composition of Pullet Basal Rations

TABLS 1

Basal Basal
Ingredients Diet 1 Dlet 2
% F 4
Ground yellow corn 44,975 48,975
Ground wheat 30.000 30.000
fxpeller soybean meal 18.000 7« GO0
Iried brewers veast — 4,000
Menhaden fish meal —-— 4,000
Unextracted liver meal — 1.063
Ground limestone 3.000 3,000
Pefluorinated rock phosphate %.000 2000
Iodized salt 0.500 0.500
¥n304.4 HpO 0.0256 0.CR6
A & D feeding oil (2250 A, 400 D) 0.500 0,500
Total 100‘000 1&30.00{)
Supplemental ingredients mg./1b, mge/1b.
Calcium pantothenate 0.75 0475
Riboflavin 1.00 1.00
Menadionse 0.20 0.20
Cholins chloride 150,00 150,00
Analysis
Crude protein by assay 14,908 15.10%
Methionins 0.286% 0.38%
Cystine Q.25% QR84
Choline 609.00 mg./1b. ©37.50 mg./1b.

13
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eighth day to avoid excessive fragility of the vitelline membrane, This
dgifficulty areose in all the eggs produced on diet 1 described in table 1,
regardless of supplementation with vitamin Byp. OCbservations by Olsen at
Beltsville, Mar;land, indicate that a tendency towards fragility of the
membrane cceurs when the e:;gs ars produced on soybean meal s the sole
protein supplement. All apparently infertile sggs were broken cut to
accurately determine fertility. The few ezgs which wers pipped but which
failed to hatch by the twenty-second day were included as dead germs.

The chicks which hatched wers used in experiments to be deseribed later,

Observations were made on the physical conditlon of ths pullets
during the three periods and on thelr reproductive performmance, Birds
were weighed five times, as indicated in table 8, during the preliminary
period and experiment 1. Hemoglebin wvalues were obtained during experi-
ment 1 by use of the method described by Evelyn (1933). MNortaliity, egg
production, fertility and hatchability data were recorded during all
three periods,

At the end of the preliminary pariod the pullets were divided
into five exparimental groups, A, 8, C, D and E, Oroupings were made
principally on the basis of egualized hatchabllity. The groups were left
unchanged execept by natural causes for both experimenis,

Feed and water were supplied ad libltum. The composition of
the basal diets used for the pullet studies is listed in table 1. Both
basal dilets contain sdded choline and on the basis of the limited datas
available on reculremente of mature stock, are bellaved to be adequate
in methionine and choline. Hasal diet 1 was fed without supplementation

to all pullets during the preliminary pericd. It was an all-mazh breeding
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ration composad of practical feedstuflfls and wis ¢onsidered to be adequate
in &ll known nubrients, except witsmin Bip. The vitasmin Bjs content of
such & diet may be assuxed on the basis of undverssl experience to be at
best very low. Thare ars no reliable assays for the vitasiu 313 content
of its ingredlents. Dasal dlet 2 includes natural sources of vitamie 532
znd unidentified nutritional faclors. aversge flgures lor uhe wiiawin

3yp potencies of liver meal and [{ish meal were cblained by Lillis, venten,
and Bird {(1942). dccomiing Lo their resulte wiih chick assays thuess feed-
stuffs may furnish a {otal of sbout 15 wicrograms of wvitamin iyp per kilo=-
gram of basal diet 2, Variability in the results of individual assays by
these workers indlcate that Lhese valuez are only &Dproxiaiions,

The males were {od a pormal breeding ration lucluwiing svurces
of vitamin Byp throughout ihe study. Juring both experimenial periods,
basal dlet 1 was fed to groups 4, By € and U; while basal diet & was led
Lo group 4. Consequently group s functlioned as the posiiive control.
Table < presents the variations in supplements for the Jdiffereni groupe
of pullets during the throe periods. 7The souree of supplemental vitamin
Biz for all groups except b was Hubramin, mauufactured by squicb and Sons,.
The lailiter vroduct was @ nighly purified protein-free solution of vitemin
Byp derived from Streptomyces griseus. According to deterwuinaiion with

Lactobaciilus leichwmannii by the manufmcturer, it contained $U micrograms

ef vitamin Byp per cubic contimeter and was added to basal diet 1 as a
higily dilute aqueous solution. DUDuring experimsnt 2 group 5 wae fed
basal diet 2 supplemented with Merck and (o, experimental APF oconcentrate
#8, According to the maunafacturer, this concentrate contained £7.5

milligrams of vitamin Bip per kilogram when peasured wiith the LLD assay.
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Heither one of the vitamin Bjg concentrates was fortified with any

antibiotic,
TABLE 2
Basal Diets and Supplements Fed the
Pullet Groups
Supplements per Kllogram
c Basal Preliminary Experiment oxperiment
roup Diat Period 1 2
A 1 —— —— 3 meg. of
B1z
B 1 — 4 meg. of 4 meg. of
Byp Bio
c 1l —— 8 meg. of
D 1 — 16 meg. of
Byo ———
Concentyrate
£3

# This group fed basal diet 1 during preliminary period,

For the sake of brevity the phrase ®level of supplemental
vitamin Biz per kilogram of feed" will be replaced in most instances
by "level of vitamin Bip fed"; or a similar phrase, throughout the re-
mainder of the paper. It will bs understood that the actual total level
of vitamin By fed would also include the content in the basal dists,

2. Results of pullet experiment l. Hxperiment 1 was under-
taken to study the effect of graded levels of vitamin Bj2 on the physical
condition and on the reproduction of laying pullets. Table 3 presents
the data obtained during the first experiment on the physical condition

of the pullets,



TABLE 3

Experiment 1: iffeet of Vitamin Bip on Physical Condition of Pullets

Gre Hemaglabiﬁ per 7 u

Average Pullst Weight in Kilograms 100 ee, of Blood E§V%°§tal§§§9

Group Augnust November December February April Hoveuber April Ze
27, 1943 5, 1949 24,1949 13, 1950 8, 1950 5, 1949 e, 1950 April 8, 1950

A 2,328(7)= 2.542 2.698 2,752 R.728 8,10 8.856 16,7

B 2.261(8) 2.438 2,719 2,867 2,78 8.17 B.45 0.0

C 2.212(5) 2,440 2.685 2.36% R.577 8.29 8.70 8.8

D 2.228(9) 2,458 R .694 R.796 R.500 8.18 &.84 0.0

B 2.147(8) 2.430 2,624 2.957 R.792 8,60 9.00 U0

# Number in parenthesis indicates number of surviving birds from preliminary period which were used
for the experimental periods., Remaining birds in the groups for the latter 2 periods were re-
placements for whom no weights were available for thc date of August 27, 1949,
Bach group contained 12 birds at the beginning of experiment 1.

LT
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Zody Welo ht ol Pullets

During experiment 1 average weights incressed gunerally in
the early months of the test, followed by a slight decline toward the
end of the test, The final welghts wars still above the starting weights
in every group, There was no indication of any effect by vitamin Bjg on

the avorage weight,
Hemoglobln Values

The average hempglobin wvalues rose in all 5§ groups during the
experiment. UJroup A, fed the unsupplemented basal diet 1, showed the
second highest increase, but differsnces bestween groups were szall and

8ll of the hemoglobin sverages were within & normsal range,
Hortality

Mortslity was highest in group A, fed the unsupplemented basal
dlet 1. HNortality also oscurred in group C, fed 8 sdeyograms i vitesin
Ejz. The results did not indicate any definite need for supplemental

vitamin B1z to prevent excessive moriality in msture stoek.
bgg Production

Table 4 presents ihe average psrcentage ezg production of each
group on a hen-~day basis., Tne differences in initisl production asmong
the groups, during the prelisinary perlcd, ars also siown in Lable 4 to
permit caleulstion of the relative decline during the first expuriment.
Egg production declined for all groups, but the dreop lessened as the

level of vitamin Bjp fed increased. The egp production of the group fed



TABLE 4

Experiment 1l: .iffeect of Diet upon Lgg Production on ﬁanuihy Basis

Average % Bgg Production

Hen~-duy Total Total Bggs lLaid per Hen Decline in Average
6rour  prcliminary Esperiment  Preliminary Experiment  Preliminary Experimert uﬁ ;’gg f} rodg:;az L
Period 1 Period 1 Period 1 ing Lxperimen
A 70e 1721 492 728 70.1 41.9 28,2
B ©87 1878 4388 87 63.5 .6 5.9
c ced 1732 &89 87 56.7 35.0 ZLe7
D 714 1856 284 717 53.8 89.1 14,7
E 719 1828 454 822 63,1 44.8 18.5

61
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hasal diet 2 was intermediate between the average productions of the
pullets fed 8 micrograms and 16 micrograms of vitamin Byjp. Results in
experiment 1 indicate that the level of egg production was affected by
the level of vitamin By, fed,

Following a delay to permit the nutritional status of the
pullets to come to equilibrium after the dietary changes, data on fer-
tility and hatchabllity were collected, The period, representing experi-

ment 1, started December 30, 1949 and terminated March 16, 1950.
Fertility

As shown in table 5 there was a general decline in fertility
of the eggs except in the case of those produced by group €, where it in-
creasad somewhat., The level of supplemental vitamin By, fed had ne

neasurable influence on it.
Hatchabllity of Fertile Eggs

The data on hatchability during the first experiment is also
included in table 5, Hatchability was maintained or improved in every
case except in group A, fed the unsupplemented basal dlet 1. Group A
showed a decided drop in hatchability. The results indicated that a
level of 4 micrograms of supplemental vitamin Bjp would adequately main-

tain hatchability,
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Vitamin Bjp Content of Eggs Produced During
Experiment 1
Chick assays and microbiological assays for vitamin Byp
activity were conducted on the eggs produced betwsen March 17, 1950 and
April 8, 1950, The chicks wefe housed in electrically hesated metal
batteries with raised wire floors. Feed and water were fed ad libitum.
The compositicn of the basal diets used is listed in table 6, Diet 3 is
composed of practical feedstuffs defiecient in vitamin Bjp and contains a
source of the whey factor, described by Hill, Scott, Norris and Heuser
(1944). It fumishes a total of 24.9 percent protein by assay. Only the
principle ingredients of diet 4 are detailed in table €, The rsumainder
are included in table 1 in the appendix, Diet 4 is a vitamin Byg~deficient
purified ration containing both 35 percent protein and iodinated czsein as
"gtress? factors. (All factors which increase the sensitivity of the test
animals toward a vitamin Byp deficiency are included under this term.) It
is fortified with five times the level of thiamine recomuended by the
National Research Council because of the destruction of the vitamin in
rations containing alpnha soybean prectein., Alpha soybean protein contains
from 1,5 to 2.0 percent sodium sulfite which destroys thiamine and also
increases oxidation of vitamins A and E, The chicks fed diet 4 received
1,200 International Units of additiocnal vitamin A per 100 graus of diet
and 0.50 milligram of alpha-tocopheral acetate per 100 grams of diet.
These vitamins were administered weekly by dropper. They also received
an additional supplement of 10 micrograms of thiamine per chick by dropper
when 4 weeks old. The source of the vitamin Byp for the standard growth
curves produced with either diet was crystalline vitamin Byo sodiua

chloride triturate, containing 1 microgram of vitamin per milligram.



TABLE 8

Rations Employed in Egg Assays with Chicks

Ingredients

Ground yellow comn

Expeller soybean meal
(41% protein)

Ground limestone

Dicalcium phoephate

Iodized salt

¥MnS04 .4 HaO

DL-methionine

A & D feeding oil
(2250 A, 400 D)

Total

Supplemental Ingredients

Dried whey

Calclium pantothenate

Riboflavin
Menadione
Nicotinic acid
Choline chleride

Diet B

54.875

40,000
2,000
2,000
0.500
0,025
0.100

0.500

100.000

5,000

mg/1b,

&.00
1.20
0.20
8,00
200,00

Crude protein (by assay) 24.9%

R3

Principle Ingredients _Diet 4
Alpha soybean protein 88,000
Cerelose (including
vitamin mix®) 46,870
Salt mixt 6.000
Soybean oil 5,000
Dil~methionine 0.800
Iodinated casein 0.080
A & D feeding oil
(2250 A, 400 D) 0.500
Ruffex 5.000
Total 100,000
Protein content 5,000

# See appendix, table I.
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It was added to the dlets in a very dilute agueous solution. Assay eggs
were hard-bolled, ground after removael of the shell and mixed in the
ration. 3Both yolks and whites were fed together in diet ¥, Later it

wne roeported by Yacowits, Peeler, Miller, Carlson, Heuser and Horris
(1950) that essentially all of the vitamin Bjp 1s contained in the polk,
8o only that part of the egy was fed in the agssay with diet 4., Additions
of eggs were made at the expense of corm in diet ¥ and at the expense of
ceralose in dist 4,

The New Hampshire chicks were fed diet 3 and were used to
measure the vitamin Bjp activiiy in eggs produced by group D pullets,
These chicks were produced by dams mointained on wire floors, at the
University poultry fama. The matemal ration was basal diet 1 supple-
mented with 1 mierogram of vitamin 212. The chicks were dividad into
groups on thz basis of equalized weight, They were placed on test at one
day of age for a pericd of 4 weeks. Data on mortelity and growth
responses were obtained. This assay was repeated three times. Fhode
Island Red chicks were employed for the one study in which diet 4 was
used., They were produced Ly dams fed a vitamin Bygp-deficlent breeding
retion. 3Since these chicis were produced by pullets kept on litter which
was only replaced every two or thres weeks, they were jJudged toc e less
deficlent in vitamin By than the New Hampshires (Xenmard and Chamberlin,
1949), Therefore they were fed the vitamin Bjpg-deficlent basal diet for
a depletion period of 2 weeks. Then they were divided into groups on the
vasis of equalized weight and placed on test for the subseguent 5 weeks.
Date on mortality, growth response, and feed effieiency were recorded.

This method was used to measure the vitamin By, activity of eggs produced

by all five groups of pullets,
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The egg samplesfor the microbioclogical analyses were prepared
by the method outlined in the report by Yacowitz, Peeler, Miller, Carlscn,
Heuser and Norris (1950). Eggs were weighed, brought to room tempera=-
ture, and steamed for ten minutes at 100° C. The albumen was discarded
and the yolk weight was obtained., Each yolk was broken up in 100 cubic
centimeters of acetate buffer at pH 4.5. Then this suspsension was auto-
elaved for thirty minutes at 1l& pounds pressure, Finally it was filtered
and made up to volume, Attempts were made to use the cup assay for
vitamin Bjp as outlined by Foster, Lally and Woodruff {1949)., That type
of assay was found to be impractical for measuring the content in such a
relatively low potency, crude material, A modification of the method of
microbiological assay described by Peeler, Yacowitz and Norris (1950)

with Lactobacillus leichmannii (ATCC 4797) was eventually employed. The

tube assays were kindly conductes by Mr. Charles Denton, of the Bureau
of Animal Industry, U. S. D. A.,, Beltsville, Marvland,

Effects on the chicks of the supplementation of basal diets 3
and 4 are summarized in tables 7 and 8. In every case the addition of
either crystalline vitamin Byo, a low level of whole eggs.-or yolks pro-
moted growth., Feed efficiency of the basal group of Rhode Island Red
chicks was the lowest., In nearly every case addition of a higher level
of the same type of egg improved growth and feed efficiency. Increasing
the level of crystalline vitamin B2 fed improved growth and feed
efficiency in every case, Mortalily in ths group fed the unsupplemented
basal diet Z was higher than in any other group fed dlet 3, Among the
groups fed diet 4, mortality seemed to bear no relationship to the level
of supplemental vitamin Byjp. The standard growth curves for the studies

involving both chick diets are presented in chart 1. The valuss for
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TABLE 7
Response of Chicks in Egg Assay
{Diet 3)
Supplements Total No. of Chicks Average Final Wt.*
Group  per Kilogram AL Start At 4 Weeks Graus
1 None 22 18 166.9
2 2,5 meg. of Byg R4 23 236.9
8 5.0 meg. of Byp 24 19 248.4
4 1D egg R4 18 R30,.8

# Average obtained by totaling the final weights of all chicks in
three series and dividing by the number of individuals.

vitamin Byp activity, determined with these curves for the chick assays,
are presented in table 9., The results obtained by the microblological
assays are also shown. All valuss are based on a yolk weight of 18
grans. The chick assay resulis obtained with the two different breeds
and two entirely different types of basal diets show close agreexzent,
The microbiological assay results agree well with each other, but credit
the eygs with only 9.5 percent to 16.7 percent of the vitamin Bjz activity
found by chick assay. Both chick and microbiological assays produced re-
sults which indicated that within the levels fed to the pulleis, there is
a direct relationship between the vitamin Byp econtent of the diet and the
vitamin B2 activity within the egg. The chick assays gave a value (0,604
micrograms) for group A eggs of one-half the activity found in group B
eggs. Group D eggs, produced with four times as much supplemental vitamin
B12 as the group B eggs, contained about 42 percent nore asctivity, by
chick assay, As determined by microbiclogical assay, the vitauin Bjp

activity of group E eggs was double that found in group B eggs. The value
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TABLE 8
Response of Chicks in Egg Assay
{Dist 4)
Group Supplements _Eotal No, of Chicks R;;.Fi§&1* Faedit
Per Kilogram At Start At 4 Weeks Grams affieiency
1 Kone 21 21 246.8 Q.R50
2 1.25 meg, By2 15 11 206.2 0.280
5 2.80 meg. By2 14 12 887.4 0.817
4 5.00 meg. Bjyp 14 11 292 .2 0.385
5 1.5 A eggs 18 11 300.0 0.258
6 4.0 A eggs 14 18 513.6 0.524
7 2,0 B eggs 12 11 351.5 0.8k2
8 4.0 B eggs 18 1 5868,9 0.3%60
9 1.5 C eggs 16 13 309,9 0,307
10 3.0 C epgs 15 9 866 .4 0.270
11 0.5 D egg 13 12 294,8 0.230
12 1.0D egg 14 13 277 G 0,804
18 0.5 K egg 13 11 279.7 0.231
14 1,0 & egg 14 15 Q7L B 0.246

# Weights on dlet 4 represent the results of one series,

¥ Results not used in calculating the vitamin Bjys activity of the egg.

#x% Feed efficiency — Total gain during test period .
Total feed consumption during same period
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TABLE 9

Vitamin By Activity per Egg as Influenced By Diet

Pullet Group A

Pullet Group B

Pullet Group G

Pullet Group U  Pullet Group ¥

Type of Assay Values in Micrograms
Single Average Single Average Single Average OSingle Average Single Average
Chick assay, diet 3 .12 2.23%
.42
5.10
Chick assay, diet 4 0.813 0,604 1,450 1.275  0.9687 1,080 2.120 2.120 1.580 1.860
0.3%5 1.100 1.18%
¥icrobiologlcal assay 0.094 0.121 0,231 0.2362
0.109 0477
0,171 Q273
0.108

# Weighted average of 3 series.,
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obtained for group € eggs is probably lower than it should be. The
cause of this inconsistency in the results is unknown. 7The resulis
indicated that storage increased at a diminlshing rate in the egg with

increasing leval of the vitamin in the pullet diet,

The percentage transwisslon of vitamin Byp from the pullet
diet to the egg may be calculated, using the results of the chick assay,
if one assumes that all the vitamin Bjg, if any, contained in basal diet
1l is completely unavailable, As shown in table 10, ths percentage trans-
mission from ths pullet diet dropped as higher levels were fed, The re-~
sults indicate that probably betwesn 30 and 46 percent of the vitamin
Byp fed to the pullet was transmitted to the egg. These figures are based
on the arbitrary assumption that every pullet consumed 17 grams of feed

daily.

5. Hesults of pullet experiment 2. Results of experiment 1

showed that the reguirement for optimum hatchability was lese than 4
micerograme of supplemental vitamin Bjp per kilogram under the expsri-
mental conditiens, Therefors tha procedure was asltered with the in-
tention of determining more closely this requirement. The length of
time required for depletion of hens previously fed known levels of
supplemental vitamin Bys was also stucied, The specific dietary changes
vhich were made are shown in table 2, All the groups were continuad on
the same basal dlets, and group E was continued on the same level cf
vitamin Byoe Group A received a supplement of & miecrograms of vitamin
Biz per kilogrem, in the form of the Rubramin concentrate produced by
Squibb and Sons, Group & received an additional supplement of approxi-
mately 27.5 micrograms of vitawin Byps in the form of Merck and Co. experi-

mental APF concsntrate #3,



TABLE 10

Experiment 1: Percentage Transmission of Vitamin By from Pullet

Diet to Hgg

Feed Supplemental Increase in Bj2 Transmission
Supplemental By2 per Fed Byz in Content of Egg of Bjz from

in Pullet Diet Egg Byg per Bgg Egg with Supplementation Diet

(meg.) (ke.) (meg.) {meg.) (meg. ) (%)

0 . 303 0.000 0.804 0,000 00.0

4 o 547 1.3e8 1,275 0.671 48,8

8 o83 2,904 1.080 0.478 18.4

18 «3R5 5,200 2,175% 1.571 80.2

#Average of results of both types of chick assay.

12



Mortality

As shown in table 11, percentags mortality was highest in
group A, next highest in group B and was approximstely constant at a
lower level for the other groups. There was no indication that the

levels of vitamin B)g which were fed affected mortality.

TABLE 11
Experiment 2; Mortality and Egg Production

% Decline in
Egg Production y 4

% Production Hen-day on Production

Group  Mortality Total Total Hen=day from
Basis BExperigent 1

A 30 (10)* 2506 929 27.6 14,53

B 18.,7(12) 837 1214 7.8 8.8

c 9.1(11) 130 11Rz2 17.3 18,1

D 8.3(12) 341 1272 28,8 12,8

B 8,3(12) 51 1225 28.7 18.1

# Number in parentheses indicates number of surviving birde
at start of experiment 2.

Egg Production

Egg production declined universally and seemed to be unre-
lated to the level of supplemental vitamin Bjp in the diet during ex-

periment 2, These dataare also presented in table 11,



Fertility

The data on fertility are presented in table 12,

53

Fertility

declined for the two groups from which the supplesmental vitamin Bjs was

withdrawn., Ths declin: was grsater in the group which had been receiving

the highest level of supplemental vitamin Byp previously,

Faertility was

maintained or slightly improved in the other groups. The percentage

fertility of E group, fed a very high level of vitamin Bjp, was much

lower than the fertility in group B, fed a low level of vitamin Iya.

Therefore it was concluded that the vitamin Bjz content of the dist was

not th2 cause of fluctuating fertility.

TABLE 12

éxperiment 2:¢ Fertility and Hatchablility

Change in % % Change in %
Group Mo« of % Fertility Hatchability  Hatchability
igge Set  Fertility from of Fertile - Irom
Experiment 1 Eggs fxperiment 1
A 159 50,8 {(+) 0.1 85.0 (+) R.8
C 135 74.1 {=)13.9 68.0 {=)13.6
D 2389 49.8 (=)17.9 83,2 (+) 2.7
E 218 &3,7 (+) 0.5 75.7 {(-)11.8
Hatchability

Overall hatchablility of fertile eygs improved slightly in groups

A and D as shown in table 12. But it declined noticeably for the other

groups including the positive control group E. Therefore no additional
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information on the hatchability requirement could be derived from ex-

periment 2,
Depletion Rate

It is difficult to ascertain the rate of depletion. Table 13
presents the hatchability data for experiment 2 in two periocds to facili-
tate study of the depletion rate, The first period termimted 47 days
after the start of experiment 2, The next period teminated 56 days
later, Limited numbers of eggs made it impossible to further subdivide
the test, Hatchability appeared to drop in C group imwediately after
removal of the 8 micrograms of vitamin Byp from the diet. It alsc
appeared that hatchability was unaffected in D group for the first 47
days after the removal of the 16 micrograms of vitamin Bjp. The hatcha-
bility data are of very limited value because hatchability showed wide

fluctuations.

4, Summary of pullet eéxperiments, Pullets were fed a

practical-type basal ration composed of feedstuffs wvery low in vitamin
Bl2 content., During experiment 1 this basal ration was supplemented
with graded levels of vitamin Bj2 or natural ingredients considered to
be potent sources., In experiment 2 the higher levels of supplemantal
vitamin Bl were withdrawn and a low level added to the group previously
fed the basal diet, During experiment 1 body weight and hemoglobin
values increased but bore no measurable relationship to the vitamin B)2
content of the diets., Mortality was highest in the unsupplemented group
in experiment 1, but continued to be highest in that group after a low

level of supplemental vitamin Bjo was added to the diet for experiment 2,



TABLE 13

Experiment 2: Matermmal Deplstion Rate as shown by Percentage Hatchability
of Fertile Eggs

A Eggs B Epgs C Zggs D Eges L Zggs

Period Ho. Hatch- Ko. Hatch- No. Hatch- Ho. Hatch- No. Hateh~

Represented Fertile ability Fertile ability Fertile ahi@ity Fertile ability Fertile ability
p4 A o b 4

Experiment 1 119 62.6 184 85,7 181 87.8 174 80.5 208 87.0
April 21 -~

¥ay 25 51 725 109 2.3 52 87.% 7L 92.0 74 83.8
May 26 -

July 16 29 51.7 87 73.7 47 é8.1 48 86.8 70 7249




36

In all czses the numbers of individuals involved were small, There was
no significant evidence that the levels of vitamin Bjz inwvolved affected
mortality in mature stock. KEgg production declined for all groups
during hoth experiments, but decreased less in the supplemented groups
during experiment l. During experiment 2, the decline in egy production
seemed to be unrelated to the level of supplementation., Fertility was
lowest in the group fed the unsupplemented bassl diet during experiment
i, but extreme variability ocecurred between the groups fed additional
vitamin Byjp. During experiment 2, groups C and D, from which all
supplemental vitamin Bjp had been withdrawn, showed sharp declines in
fertility, while the other groups, fed supplemental vitamin Bys, either
maintained fertility or increased it, Fluctuations in percentage
fertility between groups made it seem unlikely, however, that the vitamin
Bys content was a controlling factor. Hatchability wes maintalned on 4
micrograms of supplemental vitamin Byp per kilogram of feed and on all
higher levels, but it was depressed on the unsupplemented basal diet 1,
during the 154 day duration of experiment 1. Fluctustions in hatch-
ability orly partially reconcilable with the diets ococurred during ex~
periment 2, Results indicated that when the 8 micrograms of supplemental
vitamin Byo were removed from the diet of C group, hatchability dropped
immediately. Apparently the hatchability in group D was not depressed
for at least the first 47 days after removal of the supplement of 16
micrograms of vitamin Bz from its diet, Since hatchability dropped
sharply for group E during the second period, it is believad that the
seasonal factor wasaprimary determinant toward the last of the test,
Eggs produced by each group during experiment 1 were assayed

for vitamin Bj2 activity. According to chick assays, eggs produced by
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group A pullets eccntained activity equivalent to approximately 0.604
mierogram of vitamin Bjg per average egg. Eggs produced by group D
pullets contained activity eguivalent to about Z2.175 micrograms. Micro-
biological assays yielded values only 3.5 percent to 18.7 percent as
high as thoss obtained by chick assays. According to arbitrary cale
culations based on the resulls of the chick assays, 30 to 4§ percent

of the vitamin Bys fed to the pullet was transmitted to thu egg.

B. Studies with Chicks,

1. General experimental procedure. Progeny produced during
experiment 1 were studied as a part of expsriment 1, and those produced
during experiment 2 were studied as a psrt of the latter test. During
both pericdsall chicks were pedigreed according to maternal group and
wing banded, Initlal weights were recorded. Then chicks from each
pullet group were distributed evenly into all chick pens accerding to
squalized weight, AY one day of age they were placed on test in heated
metal batteries with raised screen floors, Feed and water were supplied
ad libitum, Whenever the number of chicks and available space permitted,
pens were replicated to reduce the importance of the positional factor.,
Tests were terminated when the chicks were four weeks old unless other-
wise stated, During several series, the degree of feathering was scored.
The system used is described in table 14, Basal diet 5, used in these
tests, was identical with basal diet 3, shown in table 8, except that
the dried whey was omitted., It was adequately fortified with choline
and methionine to m:et all normal requirements. The supplements to

basal diet 5 are listed in table 15 for experiments 1 and 2,
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TABLE 14

Grading System for Degree of Peathering

Adjective Score Numerical Score
No feathers 0
Very poor 25
Poor 80
Fair 78
Good 90
Excellent 100

Chief eriterion of the test was the final average weights, al-
though mortality and feathering data were also obtained.

While the hatchability data were not considered until the hatche
ability began to drop in pullet group A, all chicks produced from eggs
laid after November 20, 1949, are included in the progeny studiss in ex-
périment 1. In order to simplify the presentation, chicks produced by
group A pullets, group B pullets, etec,, will be deseribed simply as A
chicks, B chicks, etc. The final setting date for chicks for studies
in experiment 1 was March 18, 1950, Eggs laid by the pullets between
April 21st and July 20th were also incubated, Hatches of eggs laid be-
tween April 21lst and July 8th were large enough to use for chick studies,.
Consequently the chick studies in experiment 2 covered a period of 89

days after the change in maternal diets,

2, Chick trials during experiment 1. A range of supplemental
vitamin Bjp levels was fed in an effort to brecket all chick requirements

for that vitamin. The actual levels are shown on table 16,
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TABLE 185

Levels of Suprlemental Vitamin Biz Fed in Progeny
Studies

Microgramsqf B12 per Kilogram of Faed

Chick Pen Experiment 1 Bxperiment R
1 ) 0
2 ] 12
5 4" 15
4 27 _ 18

Initial Weight and Mortality

The initial weight of the chick was unaffected by maternal
diet, according to the data included in table 18. Table 17 shows the
offect of maternal diet on average liveability of chicks in each chick
group. When the dam received no supplemental vitamin Bjp the chick re-
quired somewhere between 9 and 27 micrograms of supplemental vitamin
Bi2 for reasorizably good liveability to 4 weeks, If the dam received

4 micrograms of supplemental vitamin Djp the chick required no supple-

mental vitamin Byp for reasonably good liveability to 4 weeks,
Final Weight

The influence of the maternal diet on the requirement of chicks
for vitamin B12 for growth is shown on chart 2, BEach column represents
the final average weight for all chicks produced on & given mastermnsl diet

during experiment 1, and fed a given level of supplemental vitamin Bz,

4



TABLE 18

Experiment 1t Initial Weight of Chicks as Influenced
by Matermnal Diet

No., of Av, Hatehing
Matermal Group Chicks Weight (gm.)
A a2 41.4
B 168 41.9
c 158 41.5
b 161 40.6




TABLE 17

Experiment 13 Peresntage Liveability of Chicks as Influenced
by Maternal Diet

% ILiveability to 4 Weeks

“;:;:gﬂl Chick Pen
1 2 3 4
A 78,2 €3.0 85,7 91.2
B 89.4 96,1 92.5 95.6
c 92.5 96.8 9%.8 90.8
D 98.4 96,9 95,8 100.0

E 93.1 90,7 28,8 91.4
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# Capital letters in columns refer to the maternal group which produced the chicks. The

maternal diets are listed in tatle 2,

#* Weighted average of final weights expressed as percent of that produced by progeny of
group b pullets on basal chick diet 5, supjlementea with R7 mcg. of By per kg

A
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The average final weight is expressed in terms of percent of that
attained by B chicks fed 27 mierograms of supplemental vitamin Bjp

per kilogram of feed., The type of chick represented by a column is
described by the capital letter at the base., Lowest {inal weight

was produced by A chicks, although the average weight of both 4 and

B chicks was approximately squal when the chick ration contained 27
micrograms of supplemental vitamin Byp per kilogram of feed. Best
growth was produced by D chicks on every chick diet., The supposition
that the vitamin Bjp content of basal diet £ was intermediate between
the level furnished group C and group D pullets is borne out by the
average {inal weight attained by the E chieks. When the chicks were
produced on diet 1 supplemented with 4 micrograms of vitamin bjp they
grew the most satisfactorily on the highest level of supplementation,

27 mierograms in the chick diet, When the chicks were produced by
pullets fed 8 micrograms of supplemental vitamin Bya, they required

only I mierograms of supplemental vitamin Bjo in the chick diet to grow
as well as if fed 27 micrograms, D chicks appeared to require 3 micro-
groms or less of supplemental vitamin Bys in the chick diet for satis-
factory growth to 4 waeks, although there was a tendency towards slightly
higher final weight with 27 micrograms in the diet, Figure 1 illustrates
pictorially the effect of the maternal diet on chick growth., All the
chicke in the photographs were reared in the same chick group on the un-
supplemented basal diet §, The affect of supplementation of the maternal

diet with vitamin Bj2 is evident,
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ixp&rimmt 1s fSffect of ¥ltatain BSg in Maternal Diet on Chick Growth*

M aternal
Group A B C D

Av¥ Wt.
M 218 gaS £89

* Al chicks were reared in the s&rae group on basal
diet 5%

‘w* Average weight at 4 weeks of age.



Feathering

Progeny produced during the period from February 17, 19250 to
Karch 16, 1950 (2 hatches) were graded for degree of feathering. The
number of individuals involved was small, Ths degree of feathering of
A chicks, shown in table 18, was clearly less satisfactory whaen the
progeny ware fed the chick basal diet than that of any otiner type of
chicke on the same ration. The A chicks feathoered satisfactorily on 3
micrograms of vitasmin Bjp in the chick diet. When the dams were fed 4
micrograme of vitamin Byp the chicks required no vitamin Bjp to 4 weeks

of age for good feathering.

TABLE 18

oxperiment l: Degree of Feathering as Influenced by Diet#

Maternal Maternal Maternal Maternal K¥aternal
Chick Group Group Group Group Group
Pen A B c D 5
1 48.,8(7)* 70,0 (7)) 75.4(12) 75.,0(1%) 72,.,9(12)
2 75,0(1) 61.8(10) 79.8(12) 74,8(14) 76.,2(18)
z 72.8(4) 71.0(10) 77.%(12) 78.8(1%) 77.5{12)
4 58.%(4) 89,.5{(11) 79.1(11) 80.0(13) 77.8(12)

* Observations made on chicks hatched from eggs produced be-
Method of scoring

shown in table 14,

tween February l7th and Marceh 16th.

*% Number in parentheses indicatss total number of chicks rep-

resentsad,
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{Cecasional examples of rwor feather quality also appeared in the form
of broken shafts or easily fractured tips, but this type was not con-
fined to any specific group of chicks, The author has noted the same
type of feathering difficulty with Rhode Island Hed chicks produced

on a good breedser mash and fed & Connecticut broiler ration or other
good starting ration. For this reason he believes the cause is not
related to the oroblem under study.)

In table 19 the final weights at 6 weeks are compared with the
fourth wezk weights., The numbers of chickens involved in some cases were
very small, but the same relationships between the groups prevailed at
both ages, This result indicated that the requirements determined for the
first 4 weeks are adequate for 6 wesks, it does not prove, however that
the requirement remains constant between the fourth and sixth week, It
may diminish,.

The relative effectiveness of vitamin Byp furnished by the chiek
diet and by the egg is shown in table 20. The calculations are bLased on
the adnittedly arbitrary assumption that all chicks consumed 454 grams of
feed during the first 4 weeks of life, Vitamin Bjp furnished by the chick
diet was at best only 25 percent as efficiently used as vitamin Byp
furnished by the egg and the relative efficiency of utilization of that
furnished in the diet dropped as higher levels were suppliled,

Tabel 21 pressnts the relative quantitative efficiency of
supplying the vitamin Bis for the chick through the maternal diet and
theough the chick diet., The dats show that the vitamin Bz requirement
of the chick for growth, on a guantitative basis, can be more efficiently
metto 4 weeks of age by supplementation in the maternal aiet., Supple=-

mentation in the chick diet was at best only 51 percent as efficient.



TABLE 19

dxperiment 1t Chick Weight at € Weeks Compared to 4 Weeks Expressed as Percentage
of Average Weight of & Chicks in Pen 4%

A B C D E

Chick
4th Bth 4th 6th 4th 8th 4th 8th 4th wee! 5
Pen Week  Wesk  Week  Week  Week  Week  Wesk  Wesk Weei th Week
1 44.%  46.8  41.3 28,9  62.6  84.8  8%.7  8l.9  74.5 75,7
{4)w> (4) (2) {2) (7) {7) (&) (8) (8) (8)
2 56.%  59.8  69.8 68,0  96.0  94.8  87.7  85.6  85.1 85.2
(1) (1) (4) (4) {7) (7) (9) (2) (7) {7)
8 56,7  59.8  66.7  64.4  88.8  89.1 91,4 949  76.8 79.1
(2) (2) (5) (s) {7) (7) {8) (8) (7) (7)
4 85.5  65.4  89.6  93.9  97.9  96.6  100.8  99.F  100.0 or 100.0 or
(2) (2) (4) (4) (7) (7) (8) {g) 52?;'; [+ 6?234 g
7

# Data obtained on chicks hatched from eggs produced between February 17th and Kareh 2nd,

=% Number in parentheses indicates total number of individuals represented,

LY



TABLE 20

Experiment 1

Relative iffectiveness of Vitamin Byz Furnished
to Chicks by Diet and via Fgg

Comparis { 8
A and B A and C A and D
Level of supplemental Bjp
(meg.) in chick diet 9 3 27 8 27 0
Estimated av, feed cons.
{(kg.) p=r chick per 4
weeks o454 « 454 « 454 + 454 « 454 o454
Mcg. Bis required for equal
growth
a, vwhen furnished in .
chick diet LeTR4 10,898 12,258
b. when furnished ;
Via Qgg'r“ 00671 00476 l.5?1
Relative effectiveness
of Byp fed in chick
diet 24.6% 4.4% 12.84

# Yalues obtained from table 10,



TABLE 21

Experiment 1: Relative Effectiveness of Vitemin Bjp Fed in the #aternal Diet

and in the Chick Diet for Chick Growtn

A and B 4 and D

Level of supplemental Byp (meg.)

in chick diet 9 5 27 b4 27 0
Estimated av. feed cons. {kg.)

per chick per 4 weuks .45*& ;45‘:8 oiDd .45*? oﬁ‘% .45{;
¥Hege Byp Hequired for iqual Growth:

a, when fumished in chick diet 2,724 10,890 12,358

b, when furnished in maternal diet® l1.288 2,904 64,200
Relative effectivenass of B1z fed in

Chicqff giet 5}.;3 260? 42.4

* Values obisined frum table 10,

44
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5, Chick studies during experiment £2. The levels of supple-

mental vitamin Bj2 fed the chick were changed for experiment 2 as shown
in tabls 15, Slightly under maximum growth was believed to have been
obtained with E chicks when 9 micrograms of vitamin Byp wsre added in
the chick diet. For that reason thc levels of supplemental vitamin Byp

were fixed at 12, 15 and 18 micrograms per kilogram.
Initial Welghts and Mortality

Initial weights of chicks produced during experiment 2, pre-
sented in table 22, again were not measurably affected by the dist of
the dams, The data on mortality of chicks in experiment 2 are presented
in table 23, The percentage liveabllity to 4 weeks of A chicks was in-

proved over experiment 1 by the addition of § micrograms of vitamin Bjp

TABLE 22
Experiment 2: Hffect of Maternal Diet on Initial Weight
of Chicks
e
Maternal Humber of A”“?‘g
M Chick Weight
Toup C«8 (gm.)
A 43 4Z.5
B 121 48,9
c 48 435.6

E 23 44.1




TABLE 23

Experiment 2: Percentage of Chicks Alive at 4 wWeeks

A Chicks B Chicks C_Chicks D Chicks E Chicks
ey No. 4 Wo. % No. % No. & Bo. *
Started Surviving Started Surviving Started Surviving Started Surviving Started Surviving
1 13 92,8 57 91.9 14 92.9 21 90.5 28 ®.1
2 13 76.9 =2 93.8 1 100.0 21 81.0 28 78.6
3 8 75.0 51 90,3 10 100.0 17 94.1 16 100.0
4 18 92,% 29 86.2 15 80,0 21 90,5 25 92,0

4



per kilogram to the maternal diet, Removal of the vitamin Bjs supplement
from maternal groups ¢ and D did not impair the viability of the progeny.
These results indicated that the dams' stores of vitamin By, were suf-
ficient to protect the¢ chicks from excessive mortality for the duration

of the experiment,
Final Weight

Chart 3 summarizes the average final weights attained by the
chicks, expreesed as percentage of that attained by the positive control
group. That group consisted of the E chicks fed the highest lewel of
supplemental vitamin Bjs. The average weight of the positive control
chicks was practically identical with £he average weight of the £ chicks
fed 27 micrograns of supplemental vitamin Bjs in experiment 1, B chicks,
produced by pullets fed 4 mlcrograms of vitamin Byp, grew approximately
as well as the control group when fed 15 micrograms of vitamin Byge The
average weight for the K chicks fed this level of vitamin was higher than
for ths controls. This result indicated that no advantage could be
gained by feeding higher levels to E chicks,

Considering the results on all chick diets, the average weights
of both € and U chicks, whose dams were presumably being depleted «f their
vitamin Byp stores, were lower than the average weight of the B chicks,
The final weight of the A chicks wae génerally lower than the final welight
of any other type of chick. The results suffered from the variability
to be expected with small numbers of individuals, but generally indicated
that 15 micrograms of supplemental vitamin B)z added to such a chick diet
would satisfy the reguirement of chicks produced on no more than 4 micro-

grans of vitamin Bya.
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Depletion Rate

Table 24 presents, by division into 2 periods, the final
average weight of the chicks fed only the unsupplemented basal diet 5,
Period 1 includes the first 47 days of experiment 2. The second period
includes resulis cbtained on the subsequent 42 days. As shown in the
table, numbers of individuals representing most of the groups were very
small, It is notliceable, however, that the growth of A chicks increased
immediately after supplementation of the maternal basal diet 1 with 3
micrograms of vitamin Bys. The B chleks produced on the same maternal
diet used for experiment 1, maintained the same general rate of growth
throughout experiment 2. Growth of D ehicks remained relatively constant
during experiment &, indieating that the dams had sufficient stores of
vitarmin Blz remaining from experiment 1 to supply the chicks with enough
vitamin Bjg to wmaintain the same rate of growth for at least 83 days on
the chick basal diet., The average weight of D chicks fed supplemental
vitamin Byz2 (chart 3) indicated however that some depletion had occurred
in pullet group D. Growth of & chicks, presented in table 24, increased
following supplementation of their maternal basal diet with 27.5 micro-
groms of additional vitamin Byp. It is evident from these data that
addition of a small amount of supplemental vitamin Byp to the diet of
depleted pullets produces an immediate growth stimulation in resultant
progeny. It is also evident that supplementation of pullet basal diet 1
with 8 micrograms of vitamin By, did not permit storage of a satisfactory
reserve supply. Supplement of the pullet basal diet 1 with 1% micrograms

of vitamin Byp did permit storage of a considerable reserve,



TABLE 24

Experiment 23 A Btudy of the Maternal Depletion Rate as Shown by Final Weights of
Chicks Fed Unsupplemented bBasal Diet 5.

A Chicks B Chicks C Chicke D Chicks E Chicks
Period No. Weight  No. Weight  No. Weight  No.  Weight  No. Weight

Represented Chicks (gm.) Chicks (gm.) Chicks (gm.) Chicks (gn.) Chicks (gm.)

Final average
weight for
experiment 1 31 15%.8 59 22%.4 62 258.9 62 269,.6 87 262.1

April 21 -
May 25 8 130.1 21 213.8 9 201.2 14 245.0 15 251.5

May 26 -
July 6 4 R14.8 13 257,.8 4 221.8 5 282.4 8 209,3

&
3}
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3. Summary of results with progeny. During both experiments,
initial weight of the chicks was unaffected by maternal dist, During
experiment 1 it was shown that absence of supplemental vitamin Bip in
diet 1 for the dams produced chicks of poor liveability. The excessive
mortality could be prevented by the addition of between 9 and 27 micro-
graus of supplemental vitamin Bys per kilogram of chick diet. During
expsriment £ there was apparently enough vitamin By, transmitted to the
chick to prevent excessive mortality in all groups. Results of experi-
ment 1 indicated that slightly more than B micrograms of supplemental
vitamin Byp per kilogram of pullet feed would permit progeny to grow at
an optimum or nearly optimum rate, if the chick diet contained 2 micro-
grams of supplemental vitzmin By, Results of experiment 2 indicated
that the chicks produced on 4 micrograms of supplemental vitamin Bjp
would grow at an excellent rate on 15 mierograms of supplemaental vitamin
Bio.

The growth response of both C and D chicks was depressed some-
what by removal of ths supplemental vitamin Bys from the msternal diet,
Division into 2 periods of final weight data, obtained for chicks fed
the unsupplemented basal diet 5, showed that € chicks lmnediately dropped
in growth rate, D chicks maintained their rsate of growth fairly well.
These results indicated that ¢ micrograme of supplemental vivamin Bjp
in the pullet diet would permit little if any storage in the dam's body.
The addition of 2 micrograms of vitamin Bjg to the matsrnal diet of A
chicks did not restore the growth rate to normal in the 89 day period
represented, when the chicks received as wuch as 16 micrograms of vitamin

B12 per kilogram, but it did produce an immediate growth stimulation.
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Limited data on growth to 6 weeks indicate that the same levels of
supplemental vitamin By, required for the first 4 weeks are adsquate
for the first 6 weeks of chick life., Degree of featherirgwas poorest
in A chicks fed the unszupplementoed basal diet., The degres of feathsring
was easily increased by addition of vitamin Byo to either the chick or
the maternal diet,

The growth results indicate that vitamin Bjz furnished through
the maternal diet is more efficlently used than when it is supplied
through the chick diet,
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DISCUSSION
A. Studies with Laying Pullets

The vitamin Byo content of the basal diet was apparently
adequate for maintenance of body weight. This result agrees with the
report by Whitson, Titus and Bird (1948) that body weight was not
affected by feeding & similar ration to layers,

There was some published evidence that vitamin By influenced
hemoglobin values in chickens. The report by Nichol, Harper and Elvehjem
(1949) had indicated that vitamin By improved the rate of hemoglobin
regeneration in folic acid-~deficient chieks, although only in the
presence of adequate levels of folic acid. However, in the study re-
ported herein, hemoglobin valucs of pullets were not reduced by the low
dietary level of vitamin Byp, Mushett and Ott (1949) repcrted similar
results with chicks, These results prove that if vitemin By is reguired
for maintenance of hemoglobin, the quantitative requirement must be ex-
tremely low,

Although mortality was highest in the group which was fed no
supplemental vitamin Byg in experiment 1 and fed a very low level of
witamin Byp in experiment 2, the limited numbers involved make it im-
possible to determine if the effect was due to a vitamin Bjp deficiency
in the pullets, Thers have besn no reports of mortality in mature birds
as a result of such a deficiency. It is doubtful that body weight would
be raintuined when the deficiuncy for maintenance alone were so great that
it caused increased mortality.

While egg production seemed Lo be benefited in experiment 1 by

supplemental vitamin Bjp in the diet, the results in experiment 2 were
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inconclusive, Skinner and Quisenberry (1950) reported that absence of

an APF supplement or animal protein from a high efficiency laying mash
resulted in lowered production. Hill, MeConachie, Gartley and EBranion
(1950) stated that birds fed a cereal grain-soybean meal type ration
unsupplemented with vitamin Blz came into production later than others
which were furnished the vitamin, and produced fewer sggs., It is not
clear whether the birds laid fewer eggs than the others on a total
quantitative basis due to slowness in attaining sexual maturity or the
egg production was actually less intense after they came into lay.

Olcese, Couch and Lyman (1950) have recently reported that the addition
of vitamin Bjs to a sucrose-soybean protein diet improved egy production of
hens, When starch replaced the sucrose in the absence of vitamin Byo,

egg production and hatchability improved, possibly indiecating increased
intestinal synthesis of the vitamin, On the other hand, kWhitson, Titus
and Bird (1946), Forrest, Bisly and March {1950) and others, working with
all-vegetable protein practical diets deficient in vitamin Bygz have found
no reduction in egg production., In other work carrisd out by the writer,
an excellent rate of production was found to be maintained from September
to the following June (when the test was terminated for unrslated reasons)
on a similar ration. More than 125 Rhode Island Hed pulluis wers used,
They wers maintained on litter, liowever, and therefors provably received
slightly more vitamin Byg. Arscott (1950) reported no significant
differencas in the egg production between puns of pullets maintalined on
wire with and without supplemental vitamin B1s. The basal ration smployed
was basal diet 1. Pifty New Hampshire pulletls were used per pen. Perhaps
vitamin Byp is required for egg production, but in no larger guaantities

than are usually contained in cereal grain~-soybean meal rations without
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supplementation with vitamin Bip. At any rate the evidence produced in
experiment 1 favoring the hypothesis that egg production can be bene~
fited by supplementation of such a ration with vitamin Bjp is by no
means conclusive becsuse of the limitad number of individuals and the
small differences in production.

There was considerable variability in fertility among the
grouns at different times, but there was no evidence that fertility was
influenced by vitamin Bjge. During experiment 1, 4 micrograms of vitamin
Bijp were found to satisfly the requirement for good hatchability when a
norsal level of protein was fed and no stress factors were introduced
aside from the elimlnation of coprophagy. Recently seversl studlies on
hatchability have been reported which have a direct bearing on ihe work

ing discussed., Petersen, Wiese, Lamprman and Dahlstrom {1950) studied
the effect of vitamin Bjg on hatechability by injectiug graded levels of
the vitamin into white leghorn pullets kept on wire and previously fed a
corm=-soybean m2al depletion dist of unstated protein levsl for 4 mokths,
Their data indicated that approximately 1.0 micrograws of vilawin Byp
injected per hen per weel would restore hatehability to 89.8 percent
within ¥ woeks ss compered to 85,0 percent hatchability for the birds
injected with 0.5 micrograss of Bys per week. If one assumes ihnal each
hen consumed approximately 800 grams of feed per week, the higher ine-
jection rate furnished the vitawmin to the bird at & rate of l.5 micrograms
per kilogram of feed. Growth of progeny was highest when the hen was in-
Jected with the highest level of vitamin B2 used, 40 micrograus per hen
per weak, or approximetely $.0 microgrzus per kilogram oi eed. The
progeny were fed a vitamin 5312 deficient all-plant protein diet for 4

weels, Stokstad, Jukes, Plerce, Pasge snd Franklin (19438) found the oral
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potency of vitamin Byz to be 50 percent that of the injected potency.
In 1950 Menga reported work in agreement essentiually with thie figure.
On the basis of these conversion factors, the levels of vitanin Byp
which Petersen gt al found satisfied the raquirement for hatehability
and the requirement for growth were 2.5 micrograms and 10 mierograms,
respectively, per kilogram when orally adoinistered,

Carver and McGinnis {1950) reported that hatchability was
greatly reduced when hens in batleries were {ed an unsupplemented ¢sreal
zrain-soybean meal type of diet of unspecified protein level., When 1.0
nicrograe of erystalline vitamin Bys was added per kilogram of diat,
hatchability markedly improved., Data were insufiicient to indizcate a
quantitative requirament for hatchability., In Decenber, 1247, Lillie,
Olsen, and Hird, roported that hatchability of eggs from deplated hens
was reshored by injscting 0.5 microgram of HBys dinto each wigs Growth of
resulting chicks also increased warkedly for at least § weeks., In studies
involving administration of wvitamin By» %o the dam the level of preotsin
fed the hin must be considered as an leportant factor, TYacowiiz, Peeler,
Miller, Carlson, Heuser and Norris (1950) reported that wien birds were
fed an all=-vegetable protein t-pe of diet contalning no supplementzl
vitamin 38312, hens on a level of 25 percent proisin produced egzs of 26
parcent hatchability after 12 wesks of deplstione IL Lh: protsin lavel
in ths hsn diet was 18 percent, however, hatchability was 53 percant
after 15 weeks, They estimated that the requirsment lor hatchablllity on
a 25 percent protsin diet was 2 nlerograns of supplomental viloaln Bip
var kilogram of feaed,

While 4 mierogyas of vitamin Bip per kilogram of fsed supported

satisfactory hatehability on the 15 percent protein diet 1, the rusults
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with % micrograms per kilogram in experiment 2 were not clsar. True,
the overall hatchability of that group did improve wvery slightly after
thse vitamin Bl2 was added, but hatchability in B group declined con-
Biderably and overall hatchability in D group, from which all supple-
mental vitamin Bj2 had been removed, increased slightly. Group E, fed
4 micrograms of vitamin Bjp declined considerably in overall hatchability.
In spite of the fact that hatchability in A group remained lower than that
in any othsr group, the spread between the positive control group &, group
A and group B was so narrow as to indicate that all of the fluctuations
might have been the result of other faetors. It is quite possible, there-
fore, that 3 micrograms of vitamin Bj2 supplemented to such 2 ration may
maintain good hatchability. Indeed concurrent work conducted at this
station by Arscott (1950) strongly indicates that on the same basal diet,
birds maintained under flock conditions on wire require slightly more
than 2 nicrograms of vitamin Bjs per kilogram of diet for optimum hatch-
ability. This figure is in close agreement with the adjusted figure of
2,5 micrograms cited for Petersen gt al.

Ths study on the rate of depletion of pullets fellowing removal
of supplemental vitamin Bl2 was handicapped by limited egg production.
The rasults did show an immediate drop in hatchability when the 8 micro-
grams of supplemental vitamin Bjp were removed from the pullet diet. The
rapid decline is evidence that those pullets were unable tec store a re-
serve of vitamln Byz sufficient to earry them over even a temporary
shortage of the vitamin. It indicates that & micrograms of supplsmental
vitamin B12 in such a dlet is inadeguate if storage is desired as a
gafety factor.

The results of the analyses of the eggs for vitamin Bjz content

demonstrate the current difficulty in assaying any crude feedstuffs for
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this vitamin, The results with the different chick assays show good
correlation. The microbiologlcal assay resulits are also reasonably
consistent., But 90.5 percent of the vitamin Byg activity found in B
eggs and 82%.% percent of the vitamin B1l2 activity found in E eggs by
chick assay were microblologically unavailable, In 1247 Rubin snd Bird
reported the occurrence of the cow manure factor in eggs. They assayed
the egg for potency with chicks, feeding what later proved to be a vitamin
Bys concentrate as a positive control. Since that time Lillie and Bird
(1943) have determined the vitamin Bjs content of that concentrate. By
applying the now known vitamin Bjp potency one finds that Eubin and Bird
found approximately 1.28 micrograms of vitamin Big activiity per wgg vwhen
it wae produced on a vitamin Bjp-deficient ration similar tc basal diet 1.
They determined normal eggs to contain roughly 2.89 micrograms of vitamin
512 activity, apiece, Since their laying birds were maintained on litter
and had access to thelir droppings, it is logical that the vitamin Bys
activity of thelr eggs should be slightly higher for both the normal eggs
and for the deficient ones, The correlation between the results of their
study and the ones reported herein is remarkable. The preliminary value
for vitamin Bjp content of eggs produced by undepleted chickens as de-
terrined by the rat assay, reported by Lewis, Register, Thompson and
Elvehjem (1949) conflicts with the chick results, Their result showed
good correlation with the microbiological results reported herein. They
found 262 millimicrograms of vitamin B2 per egg, whersas the latter re-
sults indicated 282 millimicrograme of vitamin Bjp per egg.

Results of the miecrcobioclogical assays reported in this thesis
verify the results reported by Yacowitz, Peeler, Miller, Carlson, Heuser

and Norris (1950). They found 158 millimicrograms of vitamin Bjpz activity
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per "normal" egg., Variations in experimental procedure reconciled the
small differencies between the microbiological results. The guestion
of which results are nearest the absolute value, those obtained by micro-~
biological, rat or chick assays, plegues research workers today. Bmach
type of assay probably measures the actual vitamin Bjg content of some
materials more accurately than any other assay. Jtokstad, woffmann and
Jukes (1945 ) reported discrepanciss between microbiological and chick
assays for vitamin Bipz. Hesults of rat and microblological assays
frequently disagree widely., Certainly as far as chick nutrition 1s cone-
cerned, values deternined with chick assays are the most reliabls. The
variable results hetwsen species probably are caused by (1) ¢iflsrential
ability of the species to utilise bound forms, {(2) differential stimulatory
or sparing effect of variocus compounds, or (%) a combination of the two.
Among factors other than vitamin Bys which might conceivably affsct assay
results with the chicks is the whey factor, It was considered likely that
the whey factor would be present in the egge which were assayeu. In
addition it was felt that the whey factor might exert a stimulatory effect
on growth which eould be interpreted as being caused by the presencs of
vitasin Blp. For that reascn ¥ percsnt of dried whey was added to diet %.
It was not added to diet 4., Since the results of the two iypes of chiek
as5says showed very cleose agrsement, the whey factor is believed Lo have
no effect on the results of chick assays for vitauin Byp wnen chicks of
such dietary background are used,

flesults of both microbleological and chick assays demonstrate a
gefinite correlation vetween the level led the hen and the level found in
the egg. Study of table 8 reveals that the chick assays found increased

storage in the egg at a diminishing rate with higher levels of witamin Bjp
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in the pullet dlet., The eflicivncy of transmisslon of vitamin Bjg from
the pullet ration to the egg decreased with higher levels of supplementa-
tion as shown in table 10, It is probable that the vitauin Bjp content
of group C eggs as detemnined by the chick assay is too low. If move
chick assays had veen conducted, it is believed that a higher vitacin

Byo contént would have been determined for ( eggs. The growth of the
chicks hatcehing from such eggs indicate that the vitamin Byp content in

them is intermediate between the level in group B and group U eggs.
B, Studies on the Progeny

The data on liveability indicate that a deficieney of witamin
Bi2 in the maternal diet leads to excessive mortality among the chicks
whicn can only be counteracted by the use of high levels of vitamin B2
in the ehick diet., A recent report by Bird (1350) substantiates this re-
sult,., !ll& suggests that the moritality is caused by the physical inability
of the chick Lo ingest enough vitamin Blp during the first few days of
1ife for survival. Intramuscular injection of the vitamin would prevent
the execsssive mortality.

Interesting evicdence for the influence of maternal diet on the
requirement, of the chick for vitamin By, for normal growth hus becn obw
tzined, The final weight of a chicks, produced on a maternal dist ine-
cluding no supplementsal wvilamin Bjg and fed a chick diet containing &7
micrograms of supplemental vilamin 3,5, was 5 percent less then ithe
final welignht of chicks produced on 16 micrograns in the mabternal diet and
fai only % mderograms in the chick diet. Ghen & pullets subsequeully
received 3 micrograms of vitamin Byp, growth of the progeny was un-

satisfactory on 18 micrograms of vitasin Byp, the highust level used in
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experimant 2, By contrast B chieks produced by dams fed on -+ mlcrograms
of vitamin Bjz throughout both oxperiments, arparently reguired only 1o
sicreograms of vitamln Blg in the diet for good growth. The quantitative
raquirament of chicks for vitamin By, is therefore seen Lo be Influenced
tremendously by the maternal diet. Although the figures presented in
tables 20 and 21 are based -n assumad values for pullet and chick feed
consumption, they clearly show that vitamin Bl supplied through the
maternal diet is puch more efficiently used than if supplied in the
chick diet, Obvicusly the level furnished in the chick diet would in-
creazse in importance as the birds becawe older.

There is furthor evidence of an adwittedly inconclusive nature
for a limiting effect on chick growth of low levels of vitamin P1p in the
maternal diet, regardless of level of supplementatlion in the chick dist,
During experiment 1, the growth of B, C, and E chicks toended to plateau
at a slightly lower level than the growth of D chieks as shown in chart
2. During experiment 2 the growth of A chicks also tended to plateau at
& low level., It seems unlikely to the writer that such a limiting effect
actually exists irrespective of chick diet, Hather does it seer probuble
that hirher levsls of vitasdn B12 than were fed in the chick diet were re-
gquired for maximum growbth of such progeny to 4 weeks., The data cbiained
by Bird (1950) on excessive nmortality in depleted chicks support this
balief, As previously mentionsd, he fournd that excessive mortality
was prevented by injsetion of wvitamin Byp. The resulis with [ snd K chicks
in experiment 1 do present the possibility that higher levels of vitamin
Bi2 than are ususlly found in breeding rations may produce chicks that

will grow at an initially faster rete on customary broiler rzxtions. It is
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evident that the level of vitamin Iy, fed in the breeding pen is as
important teo the broilerman as the level fed in the broiler house,

“he results of these axperimentis also prove that soue
suprlerental vitamin Ble is nseded in chick diets composed primarily
of cereal grains and soybean protein., when a good breeding ration was
used, the requirement of & chicks for supplemental vitamin Ijp wss no
less than 8 micrograms, poesibly as much as lu micrograms, for optimunm
rrowth, 8ince these chicks were reared !n batteries they did net have
ths advantags of access to nubritional factors in droppings wnu litter,
which most broiler chicks would have, (Mierobiological analyses of hen
feees and of desp litter itself by ilalbrook, Sulten, and winter (1950)
indicated that they may act as limited sources of the vitamin.) Nevsr-
theless such an advantage is of dublous importance during the critical
first 4 weeks »f life., At this time the ability of the cehick to ingest
large quantities of bulky naterizl is particularly limited, and the
amount of vitawmin B2 availabls in the litter would be at the lowest
point unless old litter were used to start new chickens. Thurefore, the
avallability of wvitawin Bjp in the maternal and chick mashes would
orobably bs nearly as important for chicks reared under coumercial con-
ditions. Robblee, Nichol, Cravens, #lvehjem and Halpin (1948) deseribed
work which indicated that even if ths maternal diet contained supposedly
adequate levels of vitamin Ejp, the progeny still required supplaewental
vitamin B)» to 4 weeks of age, OStevens, plely and March {1243) reported
that even on a commercial chick starter containing mixed grains, soybean
meal, fish weal and dried whey, the feed efficliency was markedly improved
by the additlion of the supplemental vitamin Byp, although growth in thelr

study was unaffected. Their basal ration 1In this case was certalnly as



high in vitemin 532 from natural scurces as could be expected. Un-
fortunately the exact composition of it is not given and the choline
and methionine levels are not stated. A deficiency of thise Lwo com~
pounds is quite possible in such a ration., A low level of these two
compounds in the chick diet has been shown by Driggs, Hill and Giles
(1950) and .thers tc increase the recuirement for vitamin 2. It
should be polnted out also that the growth reiationships expressed for
the first 4 wesks, probably slse hold to & weeks as shown on tabls 1o,
This does not mean that the chick reguirement is as high at & weeks as
it is at 4 weeks, but it does mean that all growth requirewents are
satisfied with thuse lovels, Lillie, Marsden, Groschke and nird (1943)
found that the apparent recuirement of the growing chicken for vitamin
By» dropped during the later stages of growthe.

The degree of feathering is clearly influenced by vitamin Byp.
dither 4 micrograms of vitamin Zjp in the breeding ration or & micrograms
in tha chick diet supported good feathering., Therefore the recuirement
is so low that the effect of vitamin Ip on degree of feathering is of
little practical importance. A possibls relationship betweesn feather-
ing and vitamin Byo is easily discerned. Feathers contain a high level
of eystine, which may be produced from methionine, The work of Lriges,
Hill and Giles (1950), Gillis and Norris (1949), Schaefer, Salwon and
3trength (1949) and others have indicated that there is a mutually
sparing action betwsan the vitamin and methionine., {(ne may assums
that prescence of a high level of vitamin 912 would increas: the
amecunt of methionine avalilable for secondary physiological functions,
while a vitamin B12 deficlency would correspondingly decrease the supply

of methionine available for such functions, The results of thu depietion
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study show that more than 8 micregrams of supplemental vitamin 812 is
required in the maternal diet tc permit adejuate storege, as a safety
factor.

The figures cited for the vitamin By reguirements have not
eredited ths basal dists with content of any vitaamin Byo. The reason
is that there is no reliable vitamin Bjp assay avalilable for ceraal
grains, soybean m:al and dried brewers' yeast. These feedsitufls are
balieved to contain unidentifdied growth factors (Menge, 1950) wihicnh may
cause microbiological assays to yield inflated wvalues. If thoe results
of a microbiologlical assay (published by Peeler, Yacowitz and lorris,
1950) are used, basal diet 1 may be considered to contain apuroximately
E&éxnicrograms of vitamin Bjp per kilogram, Basal diet 2 may be estimated
to contain 28 micrograms of vitamin B2 per kilogram. Approximately 15
micrograms of the total content of basal diet 2 has been deterwmined with
chick assays, and therefore is believed definitely to be present, The
existence of the other 8 micrograms im questionable., It is [elt that
the calculated content of vitamin Byp 18 much too high where valucs ob-
tained by microbiological assays of thsese feedstuffs are employed. For
that reason they have not been used in interpreting these rssults,

The requirements determined for the progeny are based on re-
sults obtained with diet 5 which contained slightly more protein than
is normally fed, Since a high level of protein in the diet incirezses
the need for vitamin Bl2 for zrowth, the actual requirswents of the
progeny for vitamin Bjp may be slightly lower than those deteruined,.

On the other hand normal levels of pantothenic acid (a2 vitamin which
has bz2en shown by Yacowilz, RNorris and Heuser, 1950, to spers v tamin

B12 for chiecks), methionine and choline wers fed in the pullet dieis
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and in chick diet 5, Therefore, it is believed that any undue effect
of these compounds on the vitamin 312 requiremenis has Leon eliminated.
It should be stated that possibly the pullets wiich were se-

lected for experimentsl and 2 wers relatively refractery to a vitawmin

Byz defieciency., Bird, lubin, and Groschke {1947) have shown that there
is a genetic relationship to the vitamin Byp requirement of the chicken
which permits some birds to function satisfacterily on levels guite
deficient for others. The test virds were selected on the basis of an
average hatchabllity of 80.8 percent. Only 1 bird in each pullet group
had a record of less than 8t percenit overall hatchability, when sxperi-
ment 1 was started, Perhaps it would have been wiser to pemit birds
with records of lower hatchability during the preliminary period to be
used in the 2 experiments. The resulis of experiment 2 sufier {rom
variability as & result of limited numbers, and possibly from seasonal

aeffects,
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SUMMARY

The vitamin Byp requirements of New Hampshire pullets and their
progéeny were studied,using a eersal grain-soybean meal type of dist, In
the pullet studies average welghts, hemoglobin values and mortality bore
no measurable relationship to the level of vitamin Bj2 in the diet.
During experimemt 1, egg production declined in direect relationship to
decreasing level of vita?in B12 supplementation. The results of experi-
ment 2 demonstrated no clear rel:tionship of the distary level of
vitamin Bys to egg production. Reasons discussed previously lead the
writer to conclude that any effect of vitamin Bjs on egg production
cannot be measured with such test rations, No relationship was proven
between {ertility and the level of vitamin 912 fed to the pullets,
Hatchability declined sharply in exneriment 1 when no sup:lemental
vitamin B, was furnished in pullet diet 1. The results of exp:riment
1 showed that the reqmuirement for hatehability was adequately mst Ly
4 microprams of supplemental vitamin By2 per kilogram under thes con-
ditions of thes test, In experiment 2, fluctuatiosng in hatchability
occurred between groups in such a mannaer that any relationship of
hatchability to a lower level of vitamin By, was obscurasd, Rate of
depletion studies with hatchabillity indicated, however, that sven G
mierograms of supplemental vitamin Bjp might not permit enough storage
in the pullets! hodies for safety,

The vitamin Bys activity of eggs was measured by both micro-
biclorieal and chick assays, It was shown to bear a direct relationship
to the levsl fed the pullet, Uwhen pullets were fed a practical breeding
mash, the vitamin Bj2 activity of the average egg was 1.560 microrrams

by chick assay. When they were fed a cereal grain-soybear protein type
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of diet unsuprlemented with wvitamin Bjp the content was 0.004 microgracs
of vitamin By, activity by chick assay. The microbiological assay re-
sults showed only 2,5 Yo 16.7 percent as much vitamin 812 activity in

thae eggs as did the chick assays. The results of the chick assays indi-
cated that betweun 30 and 48 percent of the vitamin By, fed to ths pulleis
was transmitted to the egg. The transslssion was more efficient at low
levals of supplementation in the pullet diet,

Initial welght of progeny was unaffected by the variations in
thes diet, Mortality was considerably higher in progeny of the pullet
group fed the unsupplemented basal diet 1 during the first sxperinment.

The excessive mortality among progeny could be avoided by the addition
of & micrograms of vitamin By, to pullet basal diet 1 or the addition
of between 9 and 27 micrograms of vitamin Bya to chick basal diet 5,
The effect on liveabllity of lowsr levels of supplemental vitamin Bjz
in the maternal diet is unknown.

When ther:c was no supplemental vitamin Hy2 in both the maternal
diet 1 and the chick diet 5, degree of feathering was poor. when 4 micro-
grams of supplemental vitamin 212 were fed in the maternal diet 1, or &
micrograms were added to the chick diet 5, degres of feathering was satis-
factory. The efiect of lower levels cf supplamental vitamin #j2 has not
been studied,

Growth of prozeny was directly affected by both the materual
and chick dietary level of vitamin Byz., PFinal weight of the chick
plateausd at a nearly eoptimum point when a kilogram of the maternal dist
contained 8 micrograms of supplumental vitamin Bip and & kilograum of the
chick diet contained 3 micrograms of supplcmental vitamin bjg. These

levels of vitawin Bjp are believed to mark the lover limits for best
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growth on such 2 ration. When 16 micrograms of supplemental vitamin
Bz were fed to the pullets instead of 8, the final weight of the
progeny plateaued at a slightly higher level. The point of plateauing
involved the same level of supplemental vitamin in the chick diet for
both groups., Correlation of the results of the egg assays by chicks
and the growth of progeny showed that vitamin Byp furnished by the egg
was far more effectively utilized than vitamin By, furnished in the
chick diet., Less vitamin Bjp was required, wuantitatively, for good
growth of chicks when most of it was furnished via the maternal diet
than if furnished through the chick diet., These results indicate that
the level of vitamin Bjp fed to the dam is of vital importsnce for the
production of rapidly growing chicks, Growth in cone series to & weeks
indicated that the levels determined for satisfactory grewth to 4 weeks
of age may also be used for the first © weeks of life,

Sixteen micrograms of supplemental vitamin By, per kilogram
permitied the pullets to build up a reserve., B&ight micrograms of supple-
mental vitamin Byp did maintain hatchability and did maintain growth of
progeny fed % mierograms of the vitemin. The immediate drop in hatch-
ability of eggs and drop in growth following omission of the vitauin,
however, showed that such a level did not permit build-up of an adeyuate

reserve in the pullet for emergencics,
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APPIHDIX

TABLY I

Composition of 3alt Fix and Vitamin Mix for Sasal Diet 4

#

idetary Ingredient of Diet
CaChz 1,5000
KoHPOy 0.9000
BaCl 08800
NagHPO, 0.7800
Fe( CgHz0n)0.8 HoO 0.1400
KX 0.0040
ZnCls 0.0020
HgBO, 0.0002
Cu3Cy 0.001%
HzPO4 0.0088

(milligrams/100 grams diet)

Thiamins HCL 1.00
Riboflavin 1.00
Calcium pantothenate {dextro) 2,00
Niacin (nicotinic acid) 5,00
Pyridoxine HCL 0.60
Choline chloride 200,00
Biotin Q.08
Folic acid 0.30
i-inositol 100,00
p-Amino benzole acid C.20
Menadione 0.50
alpha~Tocophercl acetate 0.50
Vitamin A 1200,00%*
alpha-Tocopherol acetate (mg.)* 0.80

* Administered by dropper per chick per week in addition
te that included in the diet.

% International units per 100 grams of diet,



