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The Nutritional Requirements
of the Chick

ALBERT G. HocaN AND RoBErT V. BoucHER

ABSTRACT.—A synthetic diet that contains the usual percentage of
yeast is inadequate for the chick. Such a ration is not improved by increas-
ing the allowance of vitamins A and D, but is improved by increasing the

allowance of yeast. ) ) )
Various soluble supplements were examined in an attempt to discover

one that contains the factor in which yeast is deficient. The ether-extract of
egg yolk and tikitiki offered some promise, and acid-hydrolyzed yeast was
extremely promising. An extract of liver contains the factor sought but
rather large quantities, 10% of the ration, are required to make the ration

adequate. ]
An attempt was made to use a water extract of yeast instead of yeast

itself. Even when this extract made up 20% of the entire ration it did not
prove reliable. The factors in which the water extract is deficient are sup-
plied by a combination of acid-hydrolyzed yeast and ether-extract of egg

yolk.
A successful attempt was made to formulate a ration which contains all

the vitamins in soluble form. The vitamin carriers are acid-hydrolyzed yeast,
the ether-extract of egg volk, a liver extract, and tikitiki. This mixture has
proven adequate for chicks through one generation, and the second genera-
tion of pullets has just begun laying.

It is believed that each of the vitamin carriers contains an essential fac-
tor which is not present in the others in large amounts. Some of these car-
riers undoubtediy contain more than one factor, however, so it is impossible
to determine the total number until further concentration and isolation is
achieved. This is no longer impossible, since all the supplements are solu-
ble, either in water or in ether.

The use of simplified diets is essential for the solution of cer-
tain types of problems that arise in nutritional investigations, but
so far as we are aware no one has attained more than partial suc-
cess in rearing any animal except the rat or mouse on rations of
that type. This proved to be a serious obstacle in our studies on the
nutritional requirements of the chick, so for several years we have
been attempting to formulate a simplified diet that is adequate for
this species. Hogan, Guerrant, and Kempster’ demonstrated that
it is perfectly feasible to rear chicks under laboratory conditions
if the ration is properly adjusted, but they found that simplified
diets adequate for the rat are grossly deficient for the chick. Sim-
plified diets that had proven satisfactory for the rat were then
mixed with natural foodstuffs, taking care that the final chemical
composition and physical texture were not changed in any impor-
tant degree. When the natural foodstuff was finely powdered egg
yolk, or polished rice, the chicks grew rapidly and were normal in
appearance. McFarlane, Graham, and Hall? have confirmed this
observation on polished rice, but some of our later unpublished ob-
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servations have convinced us that this material is more variable
than we had at first supposed. However that may be, it seems cer-
tain that the inadequacy of simplified diets for the chick is not due
to any maladjustment that can be detected by the conventional
chemical analysis, or to the physical texture of any of the constit-
uents. It seemed possible that the chick may require larger quan-
tities of vitamins A, B, and D than does the rat, so the amounts of
yeast and cod liver oil in the basal diet were increased. The in-
crease in cod liver oil was of no value, and the improvement due to
larger amounts of yeast was limited and inconsistent. Orange
juice and wheat germ oil were also included in the ration, in unpub-
lished trials, to see if the chick requires either vitamin C or vitamin
E for growth. Neither supplement reduced the proportion of fail-
ures, and these vitamins have been disregarded in subsequent stud-
ies.

Hogan and Shrewsbury® did not succeed in formulating a
simplified diet that is adequate for the chick, but some of their con-
tributions were helpful in our extension of this field. They ob-
served that if a ration contains very large percentages of yeast, as
much as 40, chicks can grow normally. They observed also that
if a water extract of yeast is supplied at a very high level, 20% for
example, the ration is usually adequate. These observations were
interpreted as showing that one of the essential factors of yeast is
either not soluble in water, or is in chemical combination with some
insoluble substance of yeast. They were also interpreted as show-
ing that the inadequacy is due to an important difference between
the rat and chick, either in the quantity, or number, of the vitamins
which they require. It would seem that this difference must lie in
the requirement for certain members of the vitamin B complex, for
no other vitamin has been recognized as consistently present in
yeast. It will be understood that our position does not imply that
all these members are soluble in water.

The question arises then, what yitamins are included in the
vitamin B complex? This is a controversial point, but according to
Peters* there are not less than 5 or 6. B,, B,, and B, are required
by the pigeon, and B,, B,, B,, and Y are required by the rat. How
many of these are required by the chick is unknown, but there is no
doubt that besides them the chick requires vitamins A and D, and
that it does not require vitamin C.

The nature of the abnormalities which chicks exhibit, when
reared on deficient diets, requires more than passing mention, We
have divided those commonly observed in this laboratory into two
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classes, neuritis and leg weakness or paralysis. Our primary ob-
ject has always been to obtain a diet that will prevent abnormal-
ities of any kind, and we have made no extended effort to define
more precisely those that did develop. It is possible that the two
types of abnormalities which we observed may be further classified
into groups of distinctly different origin. On the other hand, we
have no convincing evidence that they are not different manifesta-
tions of the same deficiency. The two types of symptoms frequent-
ly cccur in the same group, at the same time, and on the same ra-
tion. '~ Additional support for this view is derived from observations
on other species and classes of animals. For example, polyneuritis
of the pigeon and beri-beri of man are commonly ascribed to the
same deficiency, but their manifestations are quite different. It
should be mentioned alse that our classification has never implied
identity with any specific abnormality developed by other animals,
though such identity may exist. '

The gross symptoms of “polyneuritis”, as we observe it in
chicks, are not markedly different from the typical polyneuritis of
the pigeon. The first manifestation is a slightly lethargic condi-
tion; the bird sits most of the time, and if forced to walk does so
with the hock joint partially flexed. This is probably due to de-
veloping paralysis in the leg muscles. The next manifestation is
retraction of the head. The muscles of the wings may also be
partly paralyzed which results in “wing drop” and the wings drag
on the floor. The equilibrium is often disturbed. This is mani-
fested by twitching of the eyes, holding of the head to one side,
turning round and round, falling when attempting to walk, and in
severe cases by retracting the head and turning somersaults back-
wards, commonly described as “cart wheels”. These conditions
may continue for several days before death results. If the vitamin
B complex is administered in sufficient quantity, soon after the on-
set is observed, recovery is usually very rapid, but the value of this
curative procedure in evaluating vitamin B supplements is doubt-
ful, because spontaneous recoveries often occur. The frequency
of spontaneous recoveries seems to be increased if food is withheld
and the bird is furnished with an abundance of water.

In spite of the fact that the above mentioned symptoms were
similar in many respects to the characteristic polyneuritis of pig-
eons, there is reason to believe that the two conditions are not iden-
tical. It is well known that moderate amounts of yeast prevent
polyneuritis of pigeons, but it was pointed out in the paper of Ho-
gan, Guerrant, and Kempster! that these quantities of yeast are of
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little value in preventing the neuritis of the chick. On the other
hand, as was shown in this same paper, large quantities of polished
rice usually prevent chick neuritis, although this same material is
a standard basal diet for the production of pigeon polyneuritis.

On the other hand, there are significant similarities between
the symptoms we observe in chicks, and those reported as charac-
teristic of pigeon polyneuritis. Spontaneous recoveries occur in
both species. Hogan, Shrewsbury, and Kempster®® noted enlarg-
ed adrenal glands, and more blood sugar in chicks that had col-
lapsed on synthetic diets, and both of these have been reported in
polyneuritic pigeons. McCarrison” states that degeneration of
some of the cells of the central nervous system is characteristic of
polyneuritis columbarum. Pappenheimer and Goettsch® reported
extensive lesions of the cerebellum, and occasionally of the cere-
brum, of chicks which were reared on simplified diets. Further-
more, head retraction and “cart wheels” of chicks, that resemble
strikingly the symptoms of pigeon polyneuritis, are sometimes ob-
served.

There is every reason to believe the symptoms described by
us and by Pappenheimer and Goettsch are identical. Dr. Pap-
penheimer generously examined the brain of one of our chicks and
reported that well marked lesions in the cerebellum were found
that appeared to be identical with those he had described. The
chick he examined for us exhibited unusually severe head retraction.
The observations of Pappenheimer and Goettsch®, also those of
Norris and collaborators®® can be harmonized with ours!?, but
these investigators are unwilling to associate the vitamin B complex
with the abnormalities we have described in the chick. In defense of
our position we will point out that in our first paper on this sub-
ject® it was stated explicitly that vitamin B was not the only im-
portant factor in determining the success or failure of our
rations. There was never any reason to suppose that the
deficiencies were associated with vitamins A, C, D, or E, but from
the first the evidence indicated that they were associated with the
carriers of vitamin B. At that time it would not have been unrea-
scnable to assume the existence of a new vitamin, but we were un-
able to isolate such a substance. After it was discovered that
vitamin B is a mixture it seemed logical to associate the deficiencies
with the vitamin B complex. One is equally free, however, to
make some other choice.

The first manifestation of leg weakness is a tendency of the
chick to rest on the “hocks”, the joint between the tibia and tarso-
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metatarsal bones. Careful examination at this time will usually
reveal an inflammation and swelling of one or both of these joints.
The enlargement then proceeds rapidly, and the joint may reach
twice the normal size. At the same time either the tibiae or tarso-
metatarsi, or both may show slight bending or twisting in this re-
gion. In chicks in which these deformities are very severe the ten-
don of Achilles may slip out of the normal position where it rests in
the groove formed by the condyles of the tibia. This is the condition
usually described as “slipped tendon”. In less severe cases, if its
progress is arrested before the tendon slips or the bones become
decidedly crooked, the chick may apparently completely recover.
Occasionally the skin in the affected region may become greenish
blue, resembling the discoloration that develops after a severe
bruise. These conditions usually develop during the third week.
At the same time, or without any other symptoms, the toes of either
or both feet may be curled inwards, in a very characteristic manner.
Norris'® regards this as due to a specific deficiency.

The lack of the factor required to prevent neuritic symptoms
may not be associated with any of the leg deformities described
above, but that is uncertain since some types of leg weakness are
not accompanied by deformities of the bones. Before these ques-
tions are answered we believe it will be necessary to obtain satisfac-
tory isolation of each vitamin the chick requires.

Before proceeding further it should be mentioned that the ab-
normalities of chicks have been studied by numerous investigators,
and have been designated by a variety of terms. The nomenclature
has been summarized in the following outline.

Designation
Reference of disease Cause Prevented by
Titust* Perosis or deforming|Vitamin deficiency |Rice bran
leg weakness
Bethke et al.22 Nutritional leg Vitamin deficiency |[Milk or autoclaved
paralysis yeast ‘
Norris et al®-10 Paralysis Vitamin deficiency |[Milk
Hart =t ali3 Paralysis

Hall and Kingt Range paralysis
or slipped tendon

Hunter and Funk®® |Slipped tendon Excess minerals Oats, reducing min-
) or hock disease or wire floors eral content of ra-
tion, or solid floors
Payne et al® Slipped tendon or  |Excess minerals Reducing mineral
malformed leg content of ration
bones
Herner and Robin-|Malformed leg Excess minerals Reducing mineral
son?? bones : content of ration
Parkhurst and Rachitic leg weak- |Excess calcium Reducing calcium

McMurrys ness content of ration
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Many workers in this field believed the symptoms they were
reporting had not been observed before, and so they ascribed them
to a new deficiency disease. According to Bethke and Record®
there are five different types of leg weakness.

At present there is only one type of leg weakness which has
been explained in a way that is satisfactory to any considerable
number of observers. This is described both as “hock-disease” and
as “slipped tendon” and is supposed to be the result of feeding ex-
cessive amounts of calcium or phosphorus, or by some maladjust-
ment in their ratio to each other. This abnormality is of consider-
able practical importance, and has stimulated numerous efforts to
determine the cause. Attention has been centered largely on the
Ca:P ratio and according to Hart, Scott, Klein, and Halpin2® the
optimum ratio is between 2:1 and 4:1. Bethke, Kennard, Kick,
and Zinzalian® report as optimum the wider ratios 3:1 to 4:1. In
contrast to these wide ratios, some of the narrower ones will be
zited. Holmes and Pigott?? conclude that best results are obtained
with a ratio of 1.5:1.0. According to Wilgus® the ration should
contain not less than 0.66% of calcium, and not less than 0.5% of
phosphorus. The ratio of calcium to phosphorus may vary be-
tween 1.0:1 and 2.2:1.

In addition to the calcium-phosphorus relationships, various
types of leg weakness have been ascribed to the following causes:
Excessive amounts of the inorganic salts found in practical poultry
rations, over-crowding conditions that may arise from intensive
methods of brooding, hardware-cloth floors, lack of exercise, in-
sufficient roughage in the diet, and the lack of various vitamins. It
is possible then that the abnormalities mentioned are due to nutri-
tional deficiencies, to an improper adjustment of known nutrients,
or to unfavorable environmental conditions. It may be that some
workers are ignoring nutritional deficiencies because of a faulty
diagnosis of the difficulty, or it may be that others are seeking nu-
triticnal factors that do not exist:

EXPERIMENTAL

Single-comb White Leghorn chicks were used exclusively as
experimental animals, and were secured from the Department of
Poultry Husbandry or from a commercial hatchery.

Battery type brooders, equipped with electrical heating units,
housed the chicks the first four weeks and then they were placed in
wire cages 2 feet square. The quarters always had solid floors
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which were covered with a litter of sand. Both the brooders and
cages were located in a steam-heated laboratory where the tempera-
ture was thermostatically controlled. When the chicks were very
young a temperature of 36 to 87° C. was maintained but this was
gradually reduced until at the end of six weeks, when the experi-
ments were discontinued, the temperature was about 25° C.

The chicks were weighed, transferred to the brooders, and fed
and watered when one day old. From that time until the end of
the experiment both food and water were constantly available.
Water was supplied in the common inverted drinking fountains
and the food was placed in metal cups suspended at a convenient
height. This prevented scratching the food out of the containers
and reduced the amount of waste to a minimum.

All rations were of the simplified type and the one now used
as a standard contains casein* 35, starch 43, lard 13, cod liver oilf
2, salts 4, and cellophanef 3. The earlier standard varied from this
in some particulars, but as the differences are of no significance
they are not described in detail. Yeast§ was commonly used to
supply the vitamin B complex, replacing an equal weight
of starch. As is described later the experimental diets in-
cluded other vitamin carriers. One of these, the ether-extract of
egg yolk, was substituted for lard, the others were substituted for
starch.

It should be mentioned that chicks are highly variable, and it
occasionally happens that an entire hatch is of low vitality and fails
to grow normally regardless of the ration. For that reason it is
desirable to have a positive control for every separate feeding trial.
An unsatisfactory outcome may be due to subnormal animals in-
stead of to an inadequate diet. We have used a ration that contains
40% of yeast as a control, but because of its high protein content
the percentage of casein is reduced to 25.

As another consequence of this variability it is necessary to use
larger numbers than when studying the nutritional needs of the
rat. If a ration is slightly inadequate some chicks will give no
evidence whatever of a nutritional deficiency, while others will ut-
terly collapse. We begin with chicks that appear to be healthy, but
once selected none is discarded. With diets of the type we are
using untoward symptoms seldom develop under 14 days, so we
lay little stress on deaths that occur within that time. Some of

*Supplied by Lister Bros., New York City.

TSupplied by E. L. Patch Co., Boston, Mass,

tSupplied by the DuPont Cellophane Co., Buffalo, New York.
§Supplied by Wallerstein Co.. Inc., New York City.
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these are probably due to bacillary white diarrhea, others to causes
that are more obscure.

When studying the requirements of chicks for growth they are
kept under observation for 6 weeks only. It was formerly *he cus-
tom to keep them for 16 weeks, but as time went on it became very
clear that the third week is the critical period. If a chick is Jdoing
well at 6 weeks the chance that it will succumb later to a deficiency
is exceedingly remote.

The Deficiencies of Yeast.—As mentioned before, Hogan and
Shrewsbury® had shown that our basal diet could be made ade-
quate for the chick by increasing the amount of yeast up to 40%
of the entire ration. Tentatively then, the earlier failures were
ascribed to a deficiency of some member of the vitamin B complex,
merely because the deficiency is not manifest if a sufficiently large
quantity of yeast is used. However, a ration that contains 409%
of yeast can hardly be regarded as synthetic so it was decided to
investigate other sources for the factor which is deficient in yeast.
Previous experience had shown that it is present in relatively high
concentration in various natural foodstuffs, the most promising of
which were egg yolk, liver, and rice polishings. Renewed attempts
were made, therefore, to extract the elusive factor from them and
obtain it in soluble form, and in this endeavor yeast itself was in-
cluded with the other sources. The solvents examined were chief-
ly alcohol, ether, and water. More strenuous chemical procedures
also were tried, because of the possibility that the substances sought
were held in combinations that do not yield to a mild extraction.
Chief of these was hydrolysis, by strong acid. It was hoped that
some of the resulting preparations might contain the factor sought
in relatively concentrated form, and four of them offered some
promise, acid-hydrolyzed yeast, the ether extract of egg-yolk, liver
extract, and tikitiki. ,

The acid-hydrolyzed yeast (AHY) was prepared as follows:
600 grams of dried yeast were mixed with 2500 ml. of 9.6N sul-
phuric acid in a 5-liter round bottom flask, and the mixture was
refluxed on a sand bath for 24 hours at 109° C. The acid was then
neutralized with barium hydroxide, the barium sulphate removed,
and the filtrate, at a pH of approximately 4.8, was concentrated in
an open vessel on a hot plate. The average yield of dry matter
was about 35%, but the actual concentration of the active agent was
probably less than this figure would indicate. No effort was made
to account for the other 65%, but some of it was probably held in
the barium sulphate precipitate, and the remainder was oxidized
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by the strong acid. N/2 acid was used in a few cases, but we have
not yet attempted to decide which concentration is preferable.
More important than the degree of concentration is the ques-
tion of the active principle or principles. Some of the vitamins of
yeast are probably completely destroyed by the drastic procedure
to which it was subjected, though there is no reliable estimate as to
how many survive. It is also possible that some of the factors
which survive the process may be adsorbed on the barium sulphate
and thus be withheld from the filtrate. If it is true, as just postulat-
ed, that one essential factor of yeast is not readily extracted by the
ordinary solvents, it is reasonable to suppose it is held in a relative-
ly firm combination in an insoluble complex, and may be set free by

TasLe 1.—Acip-HyproLyzep YEAST As Ao Viramin CARRIER
Chicks Living at Six Weeks

Males Females Number of Number of
Mortalities Abnormalities
Number Av. Wt. Av, Wt.
of Chicks No. gms. No. gms. A|B|C|D|A|B|C|D
40 per cent Yeast
6 15 415 46 341 1 52 33| 141
10 per cent Yeast
3 6 241 18 238 4 1 21216 2
10 per cent Yeast+ 9.5 per cent (0.5N) AHY
4 2 7 448 1
10 per cent Yeast+- 4.4 per cent (9N) AHY
3 1 281 2 213
5 per cent Yeast
16 160 37 148 1 ]2 1 (22 1 3 1
5 per cent Yeast+10 per cent (0.5 N) AHY
5 382 322 2
5 per %ent Yeast--10 per cent (9N) AHY 297 .
5 per cent Yeast+-5 per cent (9N) AHY
6 6 246 1
10 per cent (9N) AHY
4 1 205 3 1

1The only abnormality observed was curled toes; the cause of death was unknown.
2Four of these were from a hatch of low vitality, The other died at 12 days.

30ne case of cart wheels, two of disturbed equilibrium.

‘Walked with a quick, jerky step.

hydrolysis as a relatively simple compound. A summary of the
results obtained when yeast was supplemented with acid-hydro-
lvzed yeast is presented in Table 1. The exact composition of the
rations is easily estimated by subtracting the total amounts of the
vitamin carriers from the percentage of starch in the standard ra-
tion. Throughout this paper the percentages of soluble supple-
ments are calculated on a dry matter basis. The letters A, B, C, D
appear in legends under the figures, and in the headings of the
tables and have the following significance.
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A inculdes all polyneuritic-like symptoms; head retractions, cart wheels,
disturbed equilibrium, eye twitch, tremors, etc.

B includes the varied manifestations of “leg-weakness,” paralysis of leg
muscles, slipped tendons, enlarged joints, curled toes, weakness of
hip joints which causes the chick to rest on the keel, deformed leg

bones, etc.
C includes cases of diarrhea.
D includes all abnormalities of undetermined nature.

The rate of growth on moderate amounts of yeast, either 5 or
109 of the ration, is never satisfactory but is markedly accelerated
by the addition of acid hydrolyzed yeast. In one case the ration
contained 10% of yeast and 9.5% of the hydrolyzed product, and
the rate of growth was astonishing. The two males averaged near-
ly 580 grams at 6 weeks, and the 2 females averaged a little less
than 450 grams. When smaller amounts of either yeast or acid-hy-
drolyzed yeast were used, the growth rate was decreased. There were
no mortalities among the 29 chicks that received these supplements
but the abnormalities were not entirely eliminated. None of these
rations, therefore, is regarded as a complete success.

The most remarkable feature of this series was the survival of
one chick in the group that received a ration which contained 10%
of acid-hydrolyzed yeast as the only source of the vitamin B com-
plex. The other three chicks died of undetermined causes, but the
rate of growth of this survivor was greater than that of those which
received the basal ration, containing 5% yeast.

As mentioned before, dried egg yolk* offered some promise as a
source of the substances sought, hence an attempt was made to
prepare extracts from it. The only extract, however, which seem-
ed useful for our purpose was obtained with ether, and is the only
one described. This was prepared by filtering off the ether, and
then allowing it to evaporate in an open dish at room temperature.
The average yield was 30% by weight of the original dried egg
yolk. Table 2 summarizes the trials in which the ether-extract was

Tasre 2.—Eruer-ExTrACT OF EGe YoLk as a Viramin CARRIER

Chicks Living at Six Weeks
Males Females Number of Number of
Mortalities Abnormalities
Number Av. Wt. Av. Wt
of Chicks No. gms. No. gms. AlB|lC|D|A|B|C|D
40 per cent Yeast
. 15 415 46 341 1 5 3 1 1
5 per cent Yeast
9 1 160 37 148 1 2 1 |22 1 3 1
5 per cent Yeast-+10 per cent EEEY
12 3 197 5 210 F] | 2 1

*Supplied by T. M. Duche and Sons, Inec., New York City.
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used as a supplement to yeast. In cvery trial the rate of growth
was slightly increased but leg weakness always occurred. There
were no cases of polyneuritis, but polyneuritis seldom occurs when
the rate of growth is as slow as it was in these trials.

Tikitiki, prepared by the method of Wells?4, had little effect on
the growth rate, but was of some value in preventing abnormalities.
When fed at the lower level, approximately 1% of the ration, three
caseg of leg weakness were noted but there were no disturbances
when 2% tikitiki was supplied. Additional details are given in
Table 3.

TasLe 3.—TikrTikl As A Vitamin CARRIER

Chicks Living at Six Weeks
Males Females Number of Number of
Mortalities Abnormalities
Number Av. Wt. Av. Wt.
of Chicks No. gms. No. gms. A|B|C|D|A|B|C|D
40 per cent Yeast
15 415 46 341 1 5 3 1 1
15 per cent Yeast
140 430 1 1 1
15 per4cent Yeast+1 per cent Tikitiki (by plpette) h1s 2
10 per cent Yeast
6 241 238 4 1 2 ]2 6 2
10 per cent Yeast--1 per cent Tikitiki (by pipette)
3 1 257 2 242
10 per cent Yeast+2 per cent Tikitiki
6 4 287 2 308

Two fractions® of a liver extract were examined and one of
these, our Laboratory Number 1376, proved entirely satisfactory
in supplying the deficiencies of yeast. No. 1876 comes to us labelled
“Purified Liver Extract,” and is the fraction which is soluble in
water and in 70% alcohol. It is used in the treatment of pernicious
anemia. The other preparation, our No. 1377, is the fraction precip-
itated by 70% alcohol from water solution during the preparation
of No. 1376. The more important observations of this series are
collected in Table 4.

The basal diet contained 5% of yeast and this was supplement-
ed with varying proportions of the two liver extract fractions. A
supplement of 109 of Extract 1376 supported very rapid growth,
and gave complete protection from any type of abnormality. When
this amount was reduced to 5% the growth rate was markedly re-
tarded, two chicks died, and one developed leg weakness. Frac-
tion 1377, proved to have little or no value as a supplement to yeast,
but when combined with Fraction 1376 at a level of 5% of each, the
combination was not much less effective than 109, of Fraction 1376

1 We are much indebted to Dr. David Klein of the Wilson Laboratories, Chi-
cago, Illinois, for generously supplying us with these materials.
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alone. Our explanation is that Fraction 1377 contains a small quan-
tity of the same agents as are effective in Fraction 1376, and the
effect is merely additive. When these two fractions were reduced
in amount to 2.5% of each, the rate of growth was accelerated for
a time, but finally every chick collapsed, and none survived. This
- phenomenon has been observed frequently, especially when liver
extracts are used as supplements. The initial growth rate may be
quite rapid, but if the amount of the extract is too small the mortal-
ities will be much more numerous than in the basal groups which
receive no extract at all.

TaBLe 4.—Liver ExTracts As Vitamin CARRIERS

Chicks Living at Six Weeks

Males Females Number of Number of
Mortalities Abnormalities
Number Av. Wt Av. Wt. |—
of Chicks No. gms. No. gms. A B C|D| A B | C|D
40 per cent Yeast
67 15 415 46 341 1 5 3 1 1
5 per cent Yeast :
16 160 37 148 1 2 1 {22 1 3 1

5 per cent Yeast+5 per cent %iver Extra%t 1376 5 i

5 per cent Yeast +110 per ceig; ;,ive r Extr?ct 1376 .
5 per cent Yeast +15 per cen;sléiver Ex‘tra%t 1376 +53 gg.r cent Liver Extract 1377

5 per cent Yeast +5 per cent Liver Extract 1377 s i
5 per <:6ent Yeast4-2.5 per cent Liver Extract 1376 +2.5 pelr cerlzt é‘iw[er Exltract 137"/'l
|

It is evident that rations containing either 5 or 109 of yeast
are deficient in some factor or factors required to promote growth,
prevent polyneuritis, or prevent leg-weakness. One such factor re-
mains in yeast which has been hydrolyzed by strong acid, but
though it accelerated the rate of growth it did not entirely eliminate
polyneuritis or leg weakness. The ether-extract of egg yolk ac-
celerated the rate of growth slightly, but seemed to be of no value
in reducing the number of abnormalities. Small amounts of tikitiki
seemed to prevent symptoms of polyneuritis, but not leg
weakness. When larger amounts were supplied no abnormalities
were observed but the rate of growth was not much accelerated.
The only one of the supplements that contains all factors deficient
in yeast is Liver Extract 1876. It is probably not a good source of
one of them, however, for a small quantity does not prevent polyneu-
ritis, though it does prevent leg-weakness and supports an ex-
cellent rate of growth. The minimum amount necessary to insure
freedom from polyneuritis is somewhat less than 10%. Examples
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of the various {ypes of abnormalities we have observed are shown
in Figs. 4 to 7.

The Deficiencies of a Water Extract of Yeast.—The numerous
publications that indicate the great complexity of vitamin B, as now
understood, appeared while our work was in progress. If the mem-
bers of this complex are as numerous as has been indicated recent-
ly it is evident that the problems of the nutrition of the chick are
more difficult than had been supposed. Furthermore, even if an
extract were obtained which would make a simplified diet adequate
for the chick when combined with yeast, the practical applieation
of such a discovery would still be very difficult. It seemed neces-
sary then to obtain all the supplements required by the chick in
soluble form. The way would then be open to further concentra-
tion, and possibly to more complete isolation.

It was decided, therefore, to return to the water extract of
yeast which had proven promising in our earlier studies. This
extract was prepared by the following method. Twenty gallons of
distilled water were heated to boiling, and 6800 grams of dried
yeast were added slowly with vigorous stirring to prevent the for-
mation of lumps. Glacial acetic acid was added until the reaction
was just acid to litmus, the amount necessary being about 20 ml.
After 24 hours the supernatant liquid was siphoned off and condens-
ed under reduced pressure, at a temperature ranging from 60 to
70° C. The abbreviation OWE was used to designate the final
product. In the beginning this was prepared from fresh yeast, and
was quite dependable but our recent preparations have not been
reliable, possibly because we started with dry yeast. On the basis
of dry matter content 209 of the water extract is equivalent to
40% dried yeast, but neuritis and leg weakness were common on
the former preparation and were seldom observed on the latter.
An effort was made, therefore, to determine whether any of the
soluble supplements we had prepared could be added to the water
extract to make a satisfactory combination. The liver extracts and
tikitiki proved valueless, and the improvement due to the ether-ex-
tract of egg yolk was not great. On the other hand acid-hydrolyz-
ed yeast was very promising. The more important observations
are recorded in Table 5.

Table 5 shows that 209 water extract sustains less rapid
growth than does 40% of yeast and that it is less effective in
preventing disturbances of all kinds. When the amount
cf the water extract is decreased from 20 to 5% the growth



16 MI1SSOURI AGRICULTURAL EXPERIMENT STATION

TaBLE 5.—WATER-EXTRACT OF YEAST AND HyDRrROLYZED YEAST AS
VitamiN CARRIERS

Chicks Living at Six Weeks

Males Females Number of Number of
Mortalities Abnormalities
Number Av. Wt. Av, Wt.
of Chicks No. gms. No. gms. A|/B|C|D|A|B|]C!|D
40 per cent Yeast
15 415 46 341 1 5 3 1 1
20 per cent OWE
41 12 365 16 295 1 6 1 S 3 S 2 1
5 per cent OWE
p 16 228 12 256 1 2 4 2 2
20 per cent OWE 410 per cent AHY
5 2 OWE%:-S 57AHY 285 é !
er cent er cent
? 12 P 8 336 2
5 per cent OWE+2 to 10 per cent EEEY
7 250 1 284 1 3 2
5 to 5.7 per cent OWE 5 to 5.7 per cent AHY +2 to 11.4 per cent EEEY
24 12 354 12 308 i | | | 1

rate is reduced, but it may seem anomalous that the incidence of all
untoward symptoms is also reduced. That, however, is a common
experience in experimental chick feeding. If a ration is somewhat
inadequate, but permits a rapid initial growth rate, it is more fatal
than a still less adequate ration which never sustains a rapid rate
of growth. The mortality on 20% of the water extract plus 10%
of hydrolyzed yeast was high, but we are convinced such large
amounts are slightly toxic. In some instances it seemed that 10%
of hydrolyzed yeast alone was somewhat toxic. When the amount
of each supplement was reduced to 5% of the ration the rate of
growth was satisfactory and the mortalities were reduced.

The ether extract of egg yolk seemed to fortify the water ex-
tract in some degree, so all three supplements were combined in
one ration. There was some reason to believe that this was a bet-
ter combination than the water extract plus hydrolyzed yeast alone-
The growth rate was not increased, but there were no mortalities,
though there was one case of leg weakness.

1t will be noted that in the last two sets of observations shown
in Fig. 5 the amounts of the supplements used were not constant.
Inasmuch as the growth rate was not appreciably affected by varia-
tions within the limits indicated, similar feeding trials were com-
bined in this presentation.

The Adequacy of Soluble Vitamin Supplements.—Since the
acid-hydrolyzed yeast seemed to contain scme factor which is defi-
cient in the water extract, an effort was made to dispense with the
latter altogether. All of the other soluble supplements which had
at some time given evidence of containing an active agent were
combined in varying proportions in one ration. The resnults were
altogether satisfactory® for such a combination is entirely ade-
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Fig. 1.—In this series each supplement of Ration 1528 was doubled singly. An exception occurs in Ration 1529 where A. H. Y.
was increased to only 6 per cent due to indications that larger amounts are toxic. Neither polyneuritis nor leg weakness occur-
Increasing any supplement falled to accelerate the rate of growth. It was concluded that the requirement of the
chick, for the active material contained in any of the supplements, was satisfied by the quantities supplied in Ration 1528,
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Fig. 2.—Using Ration 1528 again as the control, one supplement was omitted from each of the other rations. The control
group grew at an excellent rate and was free from abnormalities. Each ration from which a supplement was omitted promoted a
slower rate of growth or failed to prevent polyneuritis or leg weakness. This indicates that either each supplement carries one
vitaniin in relatively large amounts or that some, or all, of the vitamins are more or less distributed in all of the supplements.
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Fig. 4.—No. (01, age 44 days, weight
135 grams, male. Ration contained 5 per
cent yveast. Legs deformed, toes on left
foot curled inward.

I"ig. 6.—-No. 621, same age, weight, and
sex as No. 697, and received the same
ration. T.eg hones crooked, *“slipped
tendon” in left leg, and joint greatly en-
larged.

Fig. 8.—No. 4350, age 193 days, weight
1580 grams. male. Secona generation on
simplified diet.

Tig. 5.—No. 697,

age 44 days, weight
284 giams, male. Ration contained 10
per cent yeast. Leg bones crooked and
“slipped tendon” in both legs.

Fig. 7—No. 705, age 27 days, weight
147 grams, male. Ration contained 10
per cent yeast. KExtreme head retraction.
The chick was falling backwards when
the photograph was taken. This is typ-
ical of cases classified by us as chick
polyneuritis.

Fig. 9.—No. 4403, age 165 days, weight
1830 grams, female. Second generation
on simplified diet. Began laying at 170
days, laid 17 eggs in next 21 days.
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quate in rearing chicks to maturity. This mixture contains acid-
hydrolyzed yeast, ether-extract of egg yolk, Liver Extract 1576,
Liver Extract 1377, and tikitiki.

The purpose of the next procedure was to determine the min-
imum amounts of each of these supplements required to sustain
satisfactory growth and normal bodily vigor. Fig. 1 describes
graphically some of the results obtained in determining these quan-
tities. The broken lines on all the charts, representing normal
growth rates, were plotted from the data of Buckner, Wilkins, and
Kastleze, j S T

Ration 1528, which met our requirements admirably, has the
following percentage composition: Casein 35, starch 32, lard 11,
cod liver oil 2, salts 4, cellophane 3, acid-hydrolyzed yeast 4, ether-
extract of egg yolk 2, Liver Extract-1376 4, Liver Extract-1377 2,
and tikitiki 1. It developed later that when the ration contains
2% of the ether-extract of egg yolk the growth rate will not be de-
creased if cod liver oil is omitted entirely. If this is done the total
quantity of vitamin carriers amounts to 13% of the ration. Un-
doubtedly some of these supplements, if not all of them, can be con-
centrated still further. It will be noted that each supplement is
increased in one of the other rations shown in Fig. 1, but in no case
was a better growth rate obtained. This convinced us that unless
the preparations deteriorated, larger amounts nced not be used.
The attempts to reduce markedly the amount of any one of the sup-
plements included in Ration 1528 were more or less uniformly un-
cuccessful.

The possibility was suggested that some of these adjuvants
may supplement each other quantitatively, and the results would be
equally good if one were omitted. Some of our observations on
this point are presented graphically in Figs. 2 and 3.

In Fig. 2 it will be observed that Ration 1528 was altered by
omitting, one at a time, each of the supplements mentioned. In
every case except when Liver Extract 1377 was omitted the growth
rate was lowered and abnormalities of some sort appeared. In
Fig. 8 this procedure was varied by greatly increasing the other sup-
plements when any one was omitted. In every case there was an
increase in either the mortality or the incidence of abnormalities,
and usually the growth rate was reduced.

An examination of all our data has led us to believe that
hydrolyzed yeast, the ether-extract of egg yolk, and tikitiki
are practically indispensable. When any one of these is re-
moved some chicks may grow exceedingly well, but it is very
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seldom that some untoward symptoms do not develop. Liver Ex-
tract 1376, however, is absolutely indispensable. The mortality
was practically 809 when this preparation was omitted, and even
when the other supplements were greatly increased the mortality
was not much reduced. We are still in considerable doubt that
Liver Extract 1377 has any real value for our purpose. In some in-
stances the chicks did as well without it, but in others they did
not. Our present opinion is, that whatever may be the number of
active agents in these preparations, they are present in both frac-
tions, and present in much larger amount in No. 1376 than in No.
1377. A summary of all our observations is given in Table 6.

TaBLe 6—THE ADEQUACY OF SOLUBLE SUPPLEMENTS!

Chicks Living at Six Weeks

Males Females Number of Number of
Mortalities Abnormalities
Number Av. Wt. Av. Wt.
of Chicks No. gms. No. gms, A|B|[CID|A|B|CI|D
AHY-+EEEY +L1376+L1377+TT
125 1 361 6 316 1 9 8 2 |14
EEEY +L1376+L1377 +TT
2 5 288 1| 4 1 2|2
AHY +L1376 +L1377 +TT
34 1 3 12 306 2128213213
AHYA+EEEY +L1377+TT
328 5 278 5 4 |14 1
AHY +EEEY +L1376 +TT
3 20 271 2 1 4 4 1
AHY+EEEY +11376 +L1377
22 11 295 6 315 2 3 2 | 4

1Whenever any of the various supplements were included in a ration, the minimum percentages
offered were, acid-hydrolyzed yeast 4, ether-extract of egg yolk 2, Liver Extract-1376 4, Liver Extract-
1377 2, tikitiki 1. In some instances larger quantities were supplied, but as they did not accelerate the
growth rate consistently each combination is presented in one average, regardless of modifications in
the amounts of these various components.

Because of the great importance which has been attached to
the amounts of calcium and phosphorus consumed by chicks we
have analyzed our rations for these elements. Ration 1528 con-
tains 0.48% calcium and 0.42% phosphorus, and all the other ra-
tions of this series contained very similar amounts of these ele-
ments. As was mentioned in the introduction it is commonly be-
lieved that the ratio of calcium to phosphorus should be much
larger than this, and since the percentages of both are very low an
adjustment was made by replacing 2.4% of the corn starch with
1.8% calcium carbonate and 1.1% monobasic sodium hydrogen
phosphate. This increased the ratio to three of calcium to two of
phosphorus and increased the percentages to 1.00 and 0.67 respec-
tively. The incidence of abnormalities was neither increased nor
decreased in numerous trials with rations thus adjusted, so the use
of additional carriers of calcium and phosphorus was discontinued.

Our original purpose was to devise a simplified diet that is
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adequate for the chick, and we believe this is accomplished in Ra-
tion 1528. However, the vitamin carriers in this ration amount to
a total of 18%, which is somewhat higher than may seem suitable
for this type of ration. An attempt was made, therefore, to con-
centrate the various supplements still further and some success has
been attained. If the hydrolyzed yeast is extracted with strong
alcohol about half the dry matter goes in solution and the soluble
fraction apparently contains all the vitamin activity. The ether-
extract of egg yolk was saponified, and the non-saponifiable frac-
ticn was included in the ration instead of the ether-extract. This
substitute seemed to be as active as the original extract, and re-
duced the amount of extraneous material by nearly 2%. Approxi-
mately 0.12 grams of the non-saponifiable fraction are obtained
from 2 grams of the ether extract. A fuller’s earth adsorbate was
prepared from tikitiki which seemed to be as useful for our purpose
as the untreated solution. The adsorbate was as effective as an
equal weight of dry matter in the original solution.

No extended effort has been made as yet to concentrate further
the liver extracts, but our preliminary attempts failed almost com-
pletely. These studies are being continued. As yet these three
substitutions have been studied in detail only when introduced
singly, and it remains to be seen whether they can all be made
simultaneously without lessening the adequacy of the ration. Pre-
liminary studies have indicated such rations can be used success-
fully. If these results are confirmed the percentages of the supple-
ments would be as follows: Alcohol-soluble fraction of hydrolyzed
veast 2, the non-saponifiable fraction of the ether-extract of egg yolk
0.12, Liver Extract-1376 4, Liver Extract-1377 2, and activated ful-
ler’s earth from tikitiki 1, a total of 9.129%. If the weight of the
fuller’s earth is deducted the total is considerably less than 9. It is
hoped that further concentration and isolation may be accomplish-
ed. ‘

In order to obtain additional evidence of the adequacy of these
soluble vitamin supplements, a few chicks of each sex have heen
reared to maturity to see if the ration is adequate during the repro-
ductive period. It developed that a ration may sustain rapid
growth but be deficient for a hen while producing eggs. Some of
the supplements were increased in subsequent trials, and in all, 11
healthy chicks of the second generation were obtained. A female
of this group began laying at 170 days of age, and in the next 21
days laid 17 eggs, but sufficient time has not elapsed as yet to de-
termine whether a third generation can be obtained. The ration
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now used during the reproductive period contains casein 35, starch
27, butter fat ¥, cod liver oil 1, wheat germ oil 1, salts 4, tri-calcium
phosphate 1, cellophane 3, acid-hydrolyzed yeast 4, ether-extract of
egg yolk 6, Liver Extract-1376 6, Liver Extract-1377 4, and tikitiki
1. A complete report of these observations will appear in a sub-
sequent publication. Photographs of two of the second generation
chicks are reproduced in Figs. 8 and 9.
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