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INTRODUCTION

The writer attempts in this discussion of "The
Importance of Vitamin D in PFeeding Live Stock" to re-
view in part results obtained from experiments by
various investigators and research workers. MNost
of the research work has been done with dairy cattle,
poultry, and swine., Very little work has been done
with beef cattle and sheep with reference to feeding
vitamin D so far as the writer of this manuseript
was able to discover.

DEFINITION

The term "vitamin™ is a group name of substances
other than proteins, fats, carbohydrates and salts
which occur in minute quantities in natural food mateer-
ials. They have been found to be essential for normal
nutrition and to be responsible for the prevention
of various pathological conditions known collectively
as "deficiency diseases”. At present there are six
independent vitamins, the existence of which have
been definitely established. (1)

HISTORY

Very little was known about vitamin D until twelve
or fifteen years ago, although about 1910 Schaumann
and Funk, (2), had decided that rickets was in the cate-
gory of deficiency diseases. Their conclusions were

made from analogy.



Glisson, (3) 1923, a teacher at Cambridge, in the
seventeenth eentury, published a story on rickets, the
first full deseription of the disease. At the present
time rickets is known on the continent as "die-
englishehe-Krankheit,” and is common in most of
northern Europe, especially in distriets of industri-
al activity. In southern Europe and in the tropics
it is fairly rare.

Mellenby, (4) 1918, discovered that in diets con-
sisting of cereals and small quantities of milk which
are now known as deficient in vitamin D, that puppies
developed soft bones, weak legs, and other difficul-
ties found in rachitic animals. Examination of the
bones chemically showed shortage of Ca. Mellanby found
the same ration with an addition of cod liver oil,

did not develop rickets although other oils falled to
remedy the condition. Therefore, the evidence offer-
ed by Mellanby shows definitely that the difficulty
is one pertaining to the diet.

Huldschinsky, (5) 1924, a cerman physieian, prov-
ed that the ultra-violet ray constituted a cure for
rickets during the World wWar. At this same time, and
for the following four or five years, scientists dis-
agreed on two discoveries, namely, the anirachitic
actions of ultra-violet ray and the specifiec antirachi-

tic factor in food. Hess, of New York and Steenbock



of Wisconsin, (6) 1924, discovered that antirachitie
potency could be developed in a number of different
biological materials by the rays of 2 mercury vapor
quartz lamp.

Further investigation showed that a substance in
the blood or other material which was activated by
ultra-violet radiation was not a fat but a substance
associated with fats, an obscure chemical compound
called ergosterol.

Heuster and Horth, (7) 1932, recovered one and two-
tenths milligrams of ergosterol from a liter of steer
blood and Henschel and Schindel, (8) 1932, reported
that sterols taken from human adult skin contained .42
per cent ergosterol, while that from infent skin con-
tained 15.15 per cent.

Experiments by Hess and Unger, (9) 1921, showed
that exposure to sunlight was helpful in treating ani-
mals having rachitic diseases. Hess and Park at the
seme station obtained the same results.

MeCollum, (10) 1937, and other research workers,
at Johns Hopkins University, demonstrated that the fat
soluable vitamin contained two definite dietary fac-
tors. Shortly after this time Hess and Weinstock, (11)
1924, working together, and Steenbock and Black, (1l2),
another pair of research workers proved that food mater-

ials containing cholesteral and allied substances were



made rich in vitamin D by exposure to ultra-violet
rays. The process, perfected by Steemnbock, patent

No. 16,808,187 U. S., is the property of wWisconsin Tni-
versity Alumnae Association.

Recently German and English research workers in
Europe have made pure vitamin D in erystalline form
from irradiated ergosterocl. It was the first vitamin
to be isolated and handled.

The discovery of vitamins was not the result of
an accident, but was e gradual process continuing over
a period of many years. It is not the result of sudden
discovery by some research workers, but is the combin-
ing of informetion from four or five outstanding seci-
entists.

The steps in isolating pure vitamin D, itself, from
irradiated ergosterol were a greast deal harder than one
may imagine and were not sccomplished for more than four
or five years. The chief difficulty in the isolation
was that when ergosterol was irradiated several other
similar substances were formed together. They are dis-
tinguished and separated from each other with extreme
difficulty. All are sasid to have the same formula when
analyzed, 03854401 and to have almost identical structure.

Steinboek, (13) 1930, discovered that it was the
fatty ingredients in the diet which were capable of act-
ing. He also found that it is the portion which was in



the non-saponifiable fraction of the fats and oils. He
found this to be consistent with the presence of vita-
mins A and D in the non-saponifiasble fractions of cod
liver oil. It indicated to him that some of these
fractions, when treated with ultra-violet radiation
changed into a substance which resembled vitamin D =
great deal., Steinbock and a large number of scientists
all over the world joined in the research. Cholesterol
is found distributed in fats and oils and is present in
non-saponifiable fraction., It is important as a com-
pound in the animal body. Cholesterol was treated by
irradiation, whereby it became so active that a small
amount (fraction of a milligram) added to the dalily diet
of rachitic rations rapidly healed the rickets. WVany
inconsistencies were found in the behavior of cholester-
0ol and demanded further investigation.

Windaus, Rosenheim, and Webster, (14) 1934, devoted
much time to the study of sterols, and discovered that
cholesterol invariably contained a small amount of ergo-
sterol. Ergosterol was found by these men to have a
great amount of antirachitic potency. Its power was
found to be large enough to aeccount for the irradiated
cholesterol containing it.

By repeated boilings of cholesterol with potassium
permanganate in an ascetone solution, Steinbock succeed-

ed in separating ergosterol and obtaining a pure



cholesterol which coculd not be activated by ultra-
violet irradiation.

Neilson, working with ergosterol, (15) 1935,
thought it to be the only substance which can be con-
verted into vitamin D. It is inactive itself but when
irradiated it becomes 1,000,000 times as potent an
antirachitic as cod liver oil. A daily dose of
1/10,000 of a milligram of irradiated ergosterol fed
to rats with severe rickets caused advanced healing
in one week. One ounce of irradiated ergostercl is
equal to from three to five tons of cod liver oil in
terms of vitamin D potenecy.

Ergosterol is unstable. It turns yellow on stand-
ing and is best kept in en ice box. It is difficult,
indeed, to obtain ergosterol free from other sterols
agsociated with it in nature, such as cholesterol in
animals, phytosterol in plants, and zymosterol in
yeast. The small amount of fat in human skin contains,
according to Neilson, ten to twenty per cent choles-
terol and probably less than .0l per cent of ergosterol.

The great potency of pure vitamin D for the ex-
tremely small quantities of it present in foods may
be judged from the fact that 1t is no less than
1,000,000 times more active than cod liver oil. 1In
other words, a tablespoon full of cod liver oil con-
tains about one-millionth of an ounce of pure vitamin
D itself.



Ergosterol was first prepared sbout 1890 from
ergot from which it derives its name., It is represent-
ed by the formule 037 Hga 0q- Its exact structure is
not known. The melting point for almost pure ergos-
terol is 190 ¢, It is a small white erystalline sub-
stance, odorless and tasteless, s oluable in 506 parts
of alecohol, 112 parts of ether, 20 parts of ce¢hloro-
form. It is also soluable in acetone, benzol, ether
and other organic solvents and it is precipitated from
& solvent by degetonin., Only specific kinds of ultra-
violet rays dissociated the electtrons in the compound
causing them to give up their negative charge,

When ergosterol is irradiated, vitamin D begins to
form., Thils change continues to a certain point after
which a destruection of vitamin D begins to take place
at about the same rate as the original conversion. When
all the ergosterol has been converted, most of it has,
at the same time, been decomposed, and if the change is
continued all of the vitamin D will finally be destroyed.

SOURCES AND IMPORTANCE OF VITAMIN D

Sunshine is the chief source of vitamin D for the
benefit of the animals., Modern methods of living have
placed obstacles in the way of enjoying the benefits
of sunshine to its just extent. Dirt particles hang-
ing over every square mile of our large cities reduces

the transmission of the effective ultra-violet rays



from sunlight. Shadows cast by buildings also diminish
the benefits of sunlight; moreoverm more of the world's
work is done indoorsg than ever before, where window
glass, which is impervious to ultra-violet rays,de-
prives office and faétory workers of this source of
vitamin D, Experiments on protective clothing demon-
strate that even in the sunlight man gets little good
from the ultra-violet ray if present. Experiments by
Tisdall and Brown, (16) 1932, as well as some other re-~
search workers, proved winter sunshine to be only one-
eighth as potent as summer sunshine., They also proved
that country sunshine is effective only between the
hours of 10:00 a, m. and 2:00 p. m. because, according
to the authors, the sun rays must pass through a great
deal more of the_atmosphere before or after these hours.
Most of the known vitamins are rather widely dis-
tributed among foods with the exception of vitamin D.
Egg yolk is very rich in vitamin D when eggs are from
hens that have received plenty of vitamin D in their
feed or have an abundance of sunlight. Legume hay,
butter and milk, including breast milk, contain only
small amounts, and all other foods contain very little,
if eny, vitamin D. Among the drugs or medicines four
sources of vitamin D are available, They are cod liver
0il, blue finn tuna liver oil, halibut liver oil, the
latter coming into prominence within the past three or



RAT UNIT EQUIVALENTS

Tnter- 3teen- Jmer. Amer., One
national TUSP bock Med, Ass. Drug Mfrs. D 0slo
Units Units Units Units Assn., Units Unit TUnits
1 Int‘rq u.nit equals 1000 ¢37 057 3.25-3.?0 .028 1.67
l Usp I.lnit Qqu‘l’ 100 .37 03? 3.25"3. 70 0028 1.6?
1 Steenbock unit equals 2,70 2.70 1.00 10.00 ,075 4,50
1l Amer., Ned, Assn,
unit equals 2.70 2.70 1,00 10,00 Q75 4,50
1 D unit equals 26,00 36,00 13,33 13,33 13,30 60,00
1l 0elo unit equals .60 « 060 « 22 « 22 B. 28 017
1l Am., Drug Mfrs, Assn.
unit eq_ual' 27 « 87 « 27 .10 .008 45

Vitamin D's deseriptive terms are not generally understood by the publie

and the comparastive explanation is shown above.
the common rat units are calculated in the above table,
from "Antirachitic Activity of Vitamin D Suppliments for Poultry.™

Some of the egquivalents for

This table is copled

prs.

Hazel ®, Nunsell and E., M. Nelson, both of the U3DA and Professor E. Poulson

of Statens Vitemin Institute of Oslo, Norway, contributed a great deal of
information about differences and relationships of the various vitamin D

units. (17)
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four yesrs, and irradiated ergosterocl in corn o0il or some
other vegetable o0il solution, marketed as viosterol. (Cod
liver oil fortified by the addition of enough irradiat-
ed ergostercl to place the vitamin D poteney up to ten
times that stendard cod liver oil, has been used a great
desl. Tuna liver oil has been used only the last two

or three years and is reported to be very potent.

Nature, apparently, intended animals to synthesize
this substance rather than get it from food. The skin
contains a small quantity of ergosterol that is changed
into vitamin D when it is exposed to the proper kind of
sunlight or artificial ultra-violet ray.

In addition to being an antirachitic agent vitamin
D is also an important factor in osteoporsis.

Pure vitamin D substances are also known as calei-
feral and were isolated to a more or less degree of per-
feetion by Windaues, (18) 1931, and his co-workers in
the years 1931-1932. Work done on vitamin D of a recent
date shows also that there are several forms of vitamin D.

Comparative concentration of vitamin D sources

Eeg yolKkememmmc e ca e ——————— wee=ld-1l6 JIU
Cod liver oil-- - ———— =100 IU
Halibut liver ollec-ceccccacaa.]l, 200 10
Blue finn tuna liver o0il---«40,000 10

TU--International units per gram of substance

VITAMIN D FED TO CATTLE
In research work done with reference to dairy cattle

at the Ohio Experiment Station, (19) 1936, it was found
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that the function of vitamin D is to help in the assimi-
lation of Ca and P, the two elements necessary for the
proper growth of the skeleton. Despite the availabil-
ity of the reliesble sources of vitamin D rickets and
dental caries resulting from malnutrition are still com-
mon. In view of this a great deal of work has been done
by research workers to increase the vitamin D content

of some of th; common foods such as milk.

The successful developments of several of these
methods for increasing vitamin D content of milk has
created many differences as to the best methods to use.

There are at the present time several methods of
producing vitamin D milk., (a) By feeding irradiated
yeast to cows, (b) By adding cod liver, halibut liver
oil, and blue finn tuna liver oil to rations, and, (c)
By irradiated milk., The use of cholesterol at the
present time is too costly to feed to dairy cows on a
commercial basis. This, however, has been done by re-
search workers at some few experiment stations, but at
the present time the cost is prohibitive for live stock.
Standard Brands, Incorporated, (20) 1936, of New York,
has cooperated with many research workers in supplying
irradiated yeast which was used to increase the vitamin
D content of milk.

¥egollum, (21) 1937, in a letter dated January 4,
1937, states that in his opinion mueh is to be learned
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about feeding vitamin D foods such as yeast and cod liver
0il, as well as other fish liver oils to cattle. leCollum
also states in his letter that exposure of cows to sun-
light is in his opinion, rather doubtful in the produc-
tion of vitamin-D-ized milk., Irradiation of cows by
ultra-violet rays has produced milk of higher vitamin D
content than ordinary milk, but the cost is prohibitive.

Hart, (22) 1937, states that cows do not absord
cod liver oil and fish liver oils very readily and, there-
fore, do not put much vitamin D into their milk from
such food. The best results obtained were those experi-
ments from feeding irradiated yeast. This method of
feeding yeast is used by certified milk producers in
various parts of the country.

Webb and other research workers, (23) 1934, found
that in feeding yeast and irradiated ergosterol in the
production of vitamin D milk, an increase in the amount
of potency of the milk, in terms of vitamin D, was ob-
tained in both products but less than two parts of the
units of the antirachitic factor which was fed to the
cattle,

Irradiated yeast produced the following results:
Produetion of vitamin D milk by this method is done by
feeding irradiated yeast to the cows. The amount of' yeast
fed in the rations is based on the quantity of milk the

cow produces. Mllk from cows fed the correct amount of
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irradiated yeast contains about 160 Steenbock rat units
(see table on page 9) of vitamin D per quart of four

per cent butter fat milk., The advantage of this system
of vitamin-D-izing milk is that milk contains the correct
amount of vitamin D and requires no further inecrease

in the potency of the D content. As stated before, the
cost of this method of producing vitamin-p-ized milk by
the average dairy is high and cannot be used commercial-
ly until the price of irradlated yeast is lowered or
price of milk raised.

Russell and Wilcox, (24) 1933, fed cod liver oil to
six Holstein cows after a preparatory period of 17 days.
Vitex made from cod liver oil by the National 0il Pro-
ducts Company of Harrison, New Jersey, supplied the
vitamin D in the rations. WMilk from these cows was care-
fully tested for butter fat before the experiment with
Vitex began and the vitamin D content noted. After care-
fully checking the results it was found that the vitamin
D content changed from 2,76 Steenbock units (see table
on page 9) per quart to 30.35 or about eleven times as
great. Again the cost of production of vitamin-D-ized
milk by this method renders it useless as a commercial
commodity.

The same research workers found that & cow receiving
ten ounces of 30 International Units (see table on page

9) of D yeast daily in three equal samples of milk and
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blood collected during the following four hours incrcase-
ed D content very little, Chemical tests showed that
practically all of vitemin D given was absorbed into the
blood stream within four hours from which it disappear-
ed rapidly. The rote of disappearance inereased with
the concentration of the blosd. The concentration of
vitemin D in the milk was directly proportional to that
of the plasna.

Huffmusn, Duncan, and Lightfoot, (2%) 1936, in another
experiment found that 1t required wore than ten times
the rat equivalent awmount of vitamin D in metabolized
yeast than in irvadiasted milk to produce the same anti-
rachitic effect., The date indleated that the vitamin D
in milk resulting from the feeding of irradiated yeast
to the cow 1s in the same biologlcal Tform as that fed
to the other animals.

A monbthly assay of milk fst from geveral sources
over a period of two years showed that nilk mey vary as
much as 300 per cent in antirschitlie potency, the highest
value in July, sugust and deptember; the lowest in Febru-
ary. Vitamin 0 value ranges from 418 to 43.8 U. 3. P.
units (sce table on page 9} per cuart of milk were ob-
served in the case of the Guernsey milk end for Holstein
were 3.1 to 87.7 units per cquart. The correlation between

b ¥,

ke antirashitie poteney of milk and the available sua-

¥

p

guine indicated that the exposure of the cow to sunlight
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is the major factor contributing to the vitamin D con-
tent of milk. The cow has 1little or no chance to store

vitemin D during lactation.

EFFECT 0F SEASON OF YUHAR ON VITAMIN D CONTENT OF MILX

v Na1ly Hours or  vitamin D per (TCamETY
bate Sunshine cuart Statiom

Herd
1889 ’ _
July 12.8 17.3 8.7
Asugust 10.8 1i7.3 8,7
September 7.1 20.7 97
Qctobver 6,0 1z2.5 4,9
Hovember 2.0 10.8 2e9
Dhecenber l.4 5,7 4,2
1934
January 263 7.5 3.4
February 5.9 8,3 4.2
HMareh S.0 7.5
April 8.0 13.9 4.2
Moy 11.3

Thomes and YeCloud, (26) 1931, found that by feeding
cows irradiasted yeast and ergosterol it was possible to
inerease vitamin D eontent of butter fat of milk as much
as sixteen times, Yeast was more effective than ergo-
sterol. Roemmele and stohr, (27) 1932, found that vita-
min D feeds in xatiaﬂs for cows produced no benefit and
irradiastion of cows inereassed the antirachitiec value of
milk.,

Bethke and Xrauss, (£8) 1933, stated that 10 ce of
milk from cows receiving either a high or low protein
ration when fed to rats increased the ash content of the

rat femur above that produced by rickets-producing ration,



The milk produeced on the low protein ration caused the
greater deposition of Ca. in the femurs. Dutter fat
from cows receiving one kilogrem of irradiasted dried
brewer's yeast dally for three weeks showed g five-~fold
inerease in the vitanin 1 content.

In an sxperiment carried on by Pethke and Yrauss,
(29) 1936, with more than one hundred calves with low
vitauin D retions the following resulits were obtalned,
Holstein calves welpghing from 151 to 539 pounds were
used. In this experiment the decrease in the concentra-
tion of Ca and P in the blood was the first sign of low
vitasin D rickets. The pcst-mértam‘findings were those
winieh accompanied the blood changes and which occurred
in the bonegs. The skeleston changes were weakening of
the legs, both front and hind, enlargement of end joints,
straightening of pasterns, and humping of back. Symp-
toms observed other than those mentioned, were stiffness
of gait, drageinz of feet, irritability, tetany, fast
bresthing, weakness, and inability to stand for any
length of time end the secession of the inerease in body
weiaht.

Txaminations of the raehitic calves upon the post-
morter showed that the main changes were confined to the
skeleton. From this experiment the research workers con-
cluded thet low vitamin D rickets in dniry calves 1s

characterized by changes in the bones., Slow calelfication
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of cartilage appears to be the fundamental chenge in
rickets. Crowth is a modified factor in rickets; in
other words the more severe rickets occurs in the more
rapidly growing dairy calves., Age also is a factor
in the development of rickets.

Smith and Briggs, (30) 1933, found alfalfa hay, when
sun-cured and fed as a supplement to calves at the rate
of two and one-half pounds daily, showed no rickets,
whereas dehydrated alfalfea hay resulted in the develop-
ment of mild rickets.

Hess and associates (31) 1934, reported that green
plants stored in the dark were devoid of antirachitiec
properties but by irradiation with ultra-violet ray
made rachitic. Experimentors reported that prairie hay
may carry an appreciable amount of vitamin D and that
cured alfelfa hay fed as an experiment to calves at the
2.5 per cent daily level showed no rickets, whereas
dehydrated alfalfa hay results in the developing of mild
rickets.

VITAMIN D FED TO SWINE

Golding and his associates (32) 1925, in an experi-
ment with pigs at Cornell, showed that twenty-three cases
of stiffness were produced by & lack of vitamin D and
therefore, a shortage of Ca and P, Vitamin D was not
mentioned in this experiment, however, but that it played
an important part in overcoming the stiffness was evident
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even though not recognized by scientists during the ex-
periment. Pathologiecal studies involved thirty-eight
animals, including twenty-three cases of stiffness.

Lesions were found in the long bones. These find-
ings were based on a comparative study of the bones of
eighteen stiff pigs and eleven normal pigs. Difficul-
ties such as imperfect calcification, tranulation, grenu-
lation of tissues, degenerated areas of cartilages and
Joints and hemorrhgge were noted. Routine examination
of blood of the atirr pigs showed no leucoecytosis and
no anemia. The chemical analysis of the femurs of the
pigs showed a marked lowering of content of the Ca and P.

In two out of three cases tried, the stiffness was
not relieved by the addition of bone meal and Ca and P
feeds.

In the trial in which the chemical examinations were
made, marked relationships were demonstrated by the Ca
content of the ration and the state of the ealcifieation
of bones.

In the same experiment,even though the experimentors
were unaware of the vitamin D and its work, the use of
Ca and P with the aid of vitamin D supplied in the fish
oll, gave evidence that it was of great value.

Horn (33) 1934, fed pigs a diet of barley, and fish
meal and meat meal showed definitely the beneficiary
effect and increased weight rapidly with the vitamin D~

containing food.
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4 ration consisting of barley, soy beans, fish mesal,

g

pobatoes, and lime was fed with and without the addition-

gl preparations {Vigantal) & vitamin ZT-containing com-
i

is was dome in 193% by Kronacher and his as-

oil, {b) sunlight ac & preventive by itsell, {(c} cod

Bimilarly the sawe asntirachitic substances induced hesl-
ing in pige suffey from & severe form of rickets.

Io trial (b} it was found that diresect sunlight prevented
rickets iﬂ pigs fed a ration defiecient in vitamin o,
while another group of similar plgs on the same ration
but fdenled exnosure to direet sualight developed severe
rickets., In trisl (c) it was found that cod liver oil

rate of 0.79 ner cent of tlhe beszl nmixture did

by
)
=
g
ot
ct
=g
jos}

not prevent mild rickets in pigs Ted Indoors on a ration
defieient in vitamin D. “hen the eod liver o0il wms in-

creased Lo one per cent of the basal mixbure recovery of

pigs wlready affected took place and further trouble

X

iho

73]

2

"

from rickets was prevented. 3Jevers rickets developed in
another group of similsr plgs receiving the sams ration

but denied both dirsct suniight and cod liver oils.



The ration used in this exveriment consisted of:

Tounds
Tellow Corlimenmmencnmemnma 73,5

Soybean 0il mealeevecacen 15,5

}Sl('):\d lﬁeé}l-—‘“—-"hmﬂmua.mn“ﬁ é. :j

Oried skl Be

Bl 1l e o oo e i

B

8

Sodivm cniloridgemenmmnma. 1.C
16005
In the three different trials all animals received
the samg feed except where cod liver oll was added ss
an antirschitic substance, These aninals were hand fed
twice daily, morning and evening. In all the trials
the dally record of the feed used was kept., Fach lot

received as nuph feecd mixture ag they would consume in

ot

two hours without waste. 4 cheek was made of all ani-
nels at feeding time and varlation in appetite was noted.
vater was available at all times in troughs.

RED TO ROULTRY

b el ® G
FIT AN

The presence of vitemin D in egg volk was first den-
onstrated by Hellanby (3), 1923, when he cured & dog of
rickets by adding it to the dog's ratlon, FHueser and
Gorris (3%), 193%, pointed out that egs yolk was one of
the first Toods which possessed definite prophvlaectic
and cwllective nroperties asgainst rickete.

Hart and assoclates (38), 1950, stated that the vita-

wmin D poteney of egg holk from hens exposed daily to the

%

£

g approxinately ten times

radintions of quartz lamps w

that of an egg volk from non-~irrsdiated birds.
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Recent investigztion shows that the éntiraehitie
content of an egg is depeﬁdent upon the amount of vita-
min D fed to the laying birds. 4t the same time it was
found that the vitasnin D of cod liver o0il is more ef-
ficlently storsd in the ege than in the equivalent smount
of irrsdiated ersestercl {viosterol). iIn 1936 it was
reported that the vitanln D potency of egg yolk from
yvearliing hens nearing the end of the psriod of egg pro-

duetion was greater than the vitanin D content of the

)

g Trom pallebs at the begluning of thelr first period

eaa

of production. The same investizstors stated that hens
on & vation supplemented with 25 Zteernbock units of
vitamin D produced eggs which contained 7.2 Steenboek
units per egg yolk. The relation bebween vitamin D and

he Ca and P netabolisn causged some 1

by

westigstors to
stuéy the effect of the antirachiltic faetor on the Cs and
P content of eggs and the 2l-day-old enbryc., It was
disecovered at an eesrlier date that irrsdiastion of hens
with ultrzeviclet light iIncreased markedly the smount of
the lire in the egg shell ags compared with the eggs
from the pon=irradisted hens, but that the light treat-
rent d4id not change the ¢u and P present in the white and
egr yolk. %his work wes done by Terthike, Xenpard, Kick,
ené Zenazelien, {37), 1986.

In the experiment carried on by Rankin, (58} 1933,

with reference to feediung cod liver oll to chicks Ffrom
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}sixteeﬁ to twenty-four weeks old without susshine, re-
guired a minimum of about elght U. S. P. (see table on
pege 9) units of vitemiln T per hundred grams of ration.
It was found thet Tor the Tirst sixtesn weeks there was
epparently an insuffiecient swount of sunshline to supply
theze pullets the necessary asount of vitemin b for
satisfactory bone Tormation. With the saue ccrmditions
it epneared bhat ulbra~violet lrradistion from sunshine
would surply sastisfeciory caleification for the summer
months, ay to Septéi ner.,

#hen suificient ancanis of vitamin D Trom cod liver
0ll were preseut in a ration it seemed that the sunshine
d4ld not inereage or retard growth.

Pullets proved to have the abllity to store vita-
@min D during the growlng period, which apparently wus
not exhausted until after three months of egg @raductien.
Insufficlent amounts of vitemin D from the cocd liver oil
or ultrs-violet irradiation from sunshine retarded egg
production.

when a supply of vitamin D from cod liver oil or
ultre-violet irradistion from sunshine was svailsble the
eges of the various cehickens were of averasge weight, but
with a shortage in the supply of vitemin D the weight
was grestly reduced.

These egg studies indicete thet when iunsuffieient
arount of vitamin D is supplied that the eggs produced

were of small size and inferior cuslity.



Carver ang ¢o-workeres {(38) 1958, in trsating chieks
%)

by ultra-violet lamp rsdiation, proved to be proficlent;

however, commercially spesking, it is not consldered

worthwhile.

wdison (490 1941, in an experinent wheye Oz snd P
¥ z

PR, g N - gy -1 I - Y U - % &
regulrenenvs were heing shtudlied Tor growing chilcks,

%,

Tound that an addition of ecod liver nil to the rstion
greatly improved the utilization of g2 aund » in bhone
bullding.

&

Titanin O was proved to be an luportant faetor in

El

bavehabilibty and egg production in =zome work ecarried on
by reseavch done 1a Oatario isgriculture colleses (41)
193¢, Viostverol (irredisted crgosterol) was found to be
less valuable than cod liver oll in egz nreduction and
Batchability. Hszns showed in 3his sane szpervinent =a
nigh resistence to overdosage with vitauin D.

Work done by Insko and Helson, . 3. D he research
workers, (42) 19338, showed the relative efficiency of
diffevent quantities of cod liver ¢il and viosterel in

-

ol

the

[
£
i
@

the hen for vitemin D storage varied a great
desl frowm Fovember thrnu&* July. AT the same time 1t

wag discovered that cod liver oil 1s more effieient in
gstoring vitamin D l1g the egg yolk then In an egulvalent
amount of viosterol. santirachitie vulues of egg

yolks varied with the pobeacy of the viosterol in the
nenst diebt. Hens subjectad to fiftesn minutes of irradia-

tion with a carbon are lamp had the same effeect on vitanin
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D storage as one per cent of cod liver ¢il in the died.

in experiment carried on in the south, reported by
"Doultry Seclencen (43) 1932, showed conseguently that
leg weakness of chicks improved a great deal upon ex-
nosure to sunshine., Varietions with seasons in effec-
tiveness of sunshine varied a grest deal on latitude and
on the altitude of the sun. 4 wide variation as to the
emount of sxposure given to the chickens showed, con-
clusively, that the best time for sunshine is in the
summer months.

At the Wisconsin Station, an experiment carried on
by Halpin, Folmes and Hart (44) 1931, with chlcks suffer~
ing from rickets proved that ultra-violet ray and ecod
liver oil were of use in overcoming this condition.

Data used 1n the statements below are from work done
by Holmes, Piggot, and FVenard (45) 1932. The storage of
vitamin D in day old chicks is dependent upon the intake
of the hens. Ergosterol was proved to be more efficient
than ¢od liver oil. Another interestlng fact discovered
in this experiment showed that the egg contained the

seme biologiesl amount of vitamin D as was in the hens.
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DISCUSSION

Data in this menuseript show thst vitanin D pro-
duced by ultra-violet ravs from sunshine is nature's
method of preventing rickets in live stock. The fsaet
that rickets is almost unknown in the tropies =2nd that
the discase increases in the temperate and frigid zone
ig coneclusive evidence that sunshine is santirachitie
in its action.

Much work has been done in feeding vitamin D to live
stock and a great deal is being carried om at the present
time, However, the general use of vitanin D from cou-
mercial sources is not recommended due to eost and lack
of knowledze. The relation of vitamin D to Ca and P in
the metabolism of the skeleton is of great importance
and should be handled by tralned investigators,

The data also indiecate that two methods of produc-
ing vitanin-D-ized mllk have been »roved sueccessful,
namely: {(a) feeding lrrsdiated yeast to cows and (b)
the exposure of dalry animals to sunshine., Peeding ir-
radisted zlfalfa to cows is worth conslderation, but
treatnent by ultra-violet rays Tfrom are lights and the
use of cod liver oll are unot worthwhile seeording to
the best authorities. Rickets, which is a common dis-
ease among young aaimels, ean also occur in gdults.
Supplementing feed with cod liver oil and other fish

liver 0il containing witamin U is the best method of

€a
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combating this difficulty where sunshine is insufficient.
Commercial feeds of many kinds now contain vitemin D.

Cod liver oil, which does not have the potency that
halibut and blue finn tuna liver oils contain, is used
more commonly because it is cheaper. However, the latter
two compounds are becoming more and more common.

Cod liver oil. when fed in overdoses,may damage the
heart and in extreme cases cause a calcification to take
place in the blood vessels, |

Quality of milk may be improved by feeding vitamin D
feeds to cattle, but the quantity is not arr;atod. Feed-
ing cod liver oil to hens increases egg production as
well as the hatehability of the egg. Feeding cod liver
0il to swine improves the quality of the bones and pre-

vents or cures rickets in young pigs.



Data presented in this manuseript point out con-

eiusively that vitamian D is of great importance in fesd-

ing dairy cows:

The smount of vitemin o found in milk may be

increaged by feeding irradisted yeazst to

o

Gelry cows. This wethod is the best wey

of prcedueing vitamin D milk, according to

investizators as a less valuable method of
producing witamin D in milk., However, due
to the fact that suffiecient amounts of
ehilne are available only during the
surpier wonths, 1t follows that unsatisfactory
results are obtalned,

Mitre violet treatment to dairy cows In-
oreases the vitanin U coantent in milk but
is congidered impracticable,

od liver oil, according to i'cCollum, is
not handled very well by the dalry cow's
digestive system, Other fish liver oils
such as halibut end blue finn tuna cannot

be used for the sane reasodi.



&on
) .

FPeeding irradieted alialfa and other rouchoges
o Gﬁws hes not mroved to be of much vwalue
sirce vitamin D is an unstable compound,

Feedling cod liver oll to poultyry at various experie
ment staﬂions'shew thet in practically every lanstance
the Tollowing ?@sgits ware obbained:

1. The gualiby of the egy was improved.

2., The vitamin I content was lacreased.

S. The hatelabllity was ilwproved,

Feeding cod liver oll to swine was found to be of
muelh value ag 5h0wu by resulis mbtained Tfrom several ex-
tion with a bination of cod liver oil together with
plenty of sunshine zave the best results with swine.
Sunshine and cod 1liver oll, when used sepgrately, 4id not

orove satiefacetory., However, the eod liver oll was found

The uss of vitamin D In conbabing rickets is known
to be very valuable as brought ocub in this manuseript,
but is recommended to be used by the more experienced
poultrymen, dalrymen wnd swine produccers. The gupply of
vitamin D from sunshine is the best methodfof combating
rickets, especially when supplementedvby ¢od liver oil

fed by experienced individuals.
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