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SUMMARY 

The basal ration was adequate in protein, minerals, and energy con­
tent. It contained no water-soluble vitamins except those supplied 
by 22.2 per cent of yellow corn, 3 per cent of wheat bran, 9 per cent of 
wheat middlings, and 15 per cent of soybean meal. It was grossly 
inadequate for the chick and presumably it was as deficient in the 
vitamins of the B-complex as any ration that would ever be en­
countered in practice. When the recognized members of the vitamin-B 
complex were added to the basal ration it supported a normal rate of 
growth. Each of these vitamins was omitted separately from the 
mixture in order to determine which were present in the basal diet in 
insufficient quantity. 

Thiamine and pyridoxine were present in adequate amounts. 
When pantothenic acid was omitted from the vitamin mixture the 

chicks developed symptoms similar to those frequently seen in chicks 
sent in by poultrymen for examination because of an excessive rate 
of mortality. A deficiency of pantothenic acid is probably an im­
portant cause of subnormal vitality in baby chicks. 

The basal diet is deficient in choline. If the constituents of a ration 
are properly selected this nutrient should be present in adequate 
amount, but in practice mild deficiencies of this vitamin probably do 
occur. 

If nicotinic acid was omitted from the vitamin mixture the rate of 
growth was depressed and the incidence of perosis was increased. It 
may be that nicotinic acid is never deficient in a practical ration but the 
possibility deserves further study. 

There was a mild deficiency of biotin but it is doubtful that there 
would ever be a deficiency in a practical ration. 

When all recognized vitamins were added to the basal diet about 2 
per cent of the chicks still developed perosis. It was concluded that 
this was due to a mild deficiency of an unrecognized vitamin. 

It was suggested that it may become practical in the future to 
fortify the rations of baby chicks with synthetic vitamins. 
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On various occasions farmers have reported to the Missouri Agri­
cultural Experiment Station that the mortality rate in their baby 
chicks, or turkey poults, was excessively high. Examination by the 
Station pathologist usually failed to identify any infectious disease, 
and it is quite certain that heavy losses in this locality durfog the first 
three or four weeks after hatching are frequently due to other causes. 
It can be taken for granted that an unsuitable environment accounts 
for some of the losses. However, a preliminary investigation indicated 
that malnutrition, due chiefly to vitamin deficiencies, bears part of the 
responsibility, and an attempt was made to discover which of these 
nutrients are most likely to be deficient. 

EXPERIMENTAL 

The chicks were male Barred Plymouth Rocks, and they were quar­
tered in rooms which were maintained at an even temperature by 
automatic heat controls. The batteries -in which the chicks were con­
fined the first three weeks had electric heating units, connected with 
thermostats, which kept the inside temperature between 90° and 95°F . . 
Aj; the beginning of the fourth week tJ:ie chicks were transferred to 
another room in which the temperature was kept between 80° and 85°F. 
Water and the experimental diets were constantly available after the 
chicks were first transferred to the batteries. Usually there were from 
5 to 7 chicks on each diet, but each feeding trial was repeated five or 
six times. So far as was possible each group contained chicks of equal 
weight. None was rejected unless it was obviously inferior, and all 
mortalities were counted after the first week. There will be some 
mortalities after the first week on any ration when these practices are 
followed, but in our opinion this procedure accentuates the difference 
between a superior and a mediocre ration. This is the point of chief 
interest to us at present. 

·A few attempts have been made to determine which vitamins were 
deficient in feeds that were brought 'in from the field by poultry growers 
reporting thein to be unsatisfactory. However, the feeds obtained from 
these sources were not satisfactory for the purpose. The response 
of the chicks which received them was highly variable, which indicated 
that the feeds were border-line in adequacy. In order to identify the 
specific vitamins which were lacking under these circumstances, many 
more chicks would be required than our facilities would accommodate, 
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and the method of attack was changed. It was decided to begin with 
a ration that was made up of the most commonly used feedstuffs, and 
that contained none of the more reliable vitamin carriers such as 
dried skim milk or alfalfa meal. It had been shown by actual trial 
that this ration gave reasonably satisfactory, though less than opti­
mum, results. In order to reduce the vitamin content of this diet to a 
lower level than one would ever expect a practical poultryman to 
employ in the neld, the practical diet was diluted almost 50 per cent 
with a synthetic diet which contained no added vitamins. The compo­
sition of the modified diet, Ration A, is shown in Table 1. 

TABLE !.-COMPOSITION OF EXPERIMENTAL DIET A 
I ll 

Yellow corn ........................... 22.2 casein .......... 20.0 
Wheat bran . . . . . . . . . . . . . . . . . . . . . . . . . . 3.0 gelatin . . . . . . . . . . 5.5 
Wheat middlings . . . . . . . . . . . . . . . . . . . . . . 9.0 glucose ......... 14.8 
Soybean meal ............ . · . . . . . . . . . . . . 15.0 cellulose . . . . . . . . 1.2 
Steamed bone meal . . . . . . . . . . . . . . . . . . . . 1.8 lard . . . . . . . . . . . . 5.2 
Iodized salt ..... : . . . . . . . . . . . . . . . . . . . . . 0.3 mineral salts 2.0 

51.3 48.7 
Manganese, 12 mg .......................... . per 100 grams 
Vitamin. A, 2000 I. U .. : ..................... . 
Vitamin D, 283 I. U .......... : .......... . .. . 

" " " 
" " " Alpha tocopherol, 2.5 mg. . . _ ................ . 

2-methyl-l, 4-naphthoquinone, 2.5 mg. . ..•.•..• 
" ,, " 
" " ,, . . 

Ration A is at least reasonably adequate in protein, energy, arid 
minerals, and it is markedly deficient in certain of the water-soluble 
vitamins. Our object was to identify the recognized vitamins that are 
deficient, and to determine whether any of the unrecognized vitamins 
are also seriously deficient. The procedure was to add all of the vita­
mins to Ration A that one could suppose might be present in insuf­
ficient quantity, and then to omit each one separately from the mixture. 
The amounts of the added vitamins, and the response of the chicks 
are shown in Table 2. In a few instances the quantities of the vita­
mins supplied were not exactly the same as is indiCated in the table, 
but since the changes had no apparent significance they will not be 
described. · 

The statistical analysis of the differences in weight is shown in 
Table 3. There was a considerable number of preliminary feeding 
tests in which only a few rations were tried at one time. · All of the 
chicks are included in Table 2, but only those under observation at 
the same time, and from the same shipments, are compared in Table 3. 
This explains why the number of chicks on the various rations, as 
shown in Tables 2 and 3 is not the same. 

The first point to emphasize is the excellent rate of growth of the 
chicks in Groups 1, 2, and 4. It will be recalled that Ration A was 



No. of 
Group chicks 

. 1 101 

2 35 

3 . 4 

4 53 

. 
5 37 

6 44 

7 35 

8 84 

9 5 

TABLE . 2. : Vitamin deficiencies of Ration A 

Added vitamins,1 per 100 gms.-
f<l 

~ 
. E-< 

f<l < 
f<l ~ 

z 8 
~ < f<l 

~13 
f<l ...:i I :Il is :;; "' 13 ..:E-< E-<u cl ~ 0 u~ 8 < ::i:: el i;: z z :>:: E-< ii: p. < u 

a. 
mg. mg. mg . mg. mg. mg. 

0.4 0.4 0.4 2 5 400 

0.4 0.4 2 5 400 

0.4 0.4 2 5 400 

0.4 0.4 2 5 400 

0.4 0.4 0.4 5 400 

0.4 0.4 0.4 2 400 

0,4 0.4 0.4 2 5 

0.4 0.4 0.4 2 5 400 

~ 

0.4 2 5 400 

1. Supplied by Mer ck and Co., Rahway, N. J. 
2. Per cent of chicks that s urvived. 
3. One + indicates definite perosls, 4 + 

indicates the highest degree of sever ity. 
In ca lculating the ave r age numerical 

Record at 4 weeks of age 

~ 
E-< 
8 
j:Q 

Weight Perosls Mortality 
mcg. gm. % 2 _ Score3 %4 

20 301 4.0 70 2.0 

20 298 3.0 50 5.8 

20 129 75% curled toe paralysis 

20 

20 

20 

20 

: 

20 

293 1.9 75 

204 27. 50 

268 28. 67 

238 67. 56 

284 11. 61 

317 0 --

s core 1+ = 25, 3+ = 75, and 4+ = 100. The 
average numerica l score is based on the number 
of affected chicks. 

4. Chicks that died· during the fi r st week ar e not 
included In the computation. 
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No. 
of 

Chicks 

37 

28 

44 

31 

58 

53 

44 

43 

TABLE 3. - Significance of Differences in Weightl 

Group and ration F Ratio 2 

Obtained of . 01 Point 3 Mean 

1 control 60.92 7.12 312.1 

5 No 
Pantothenlc Acid 213.3 

1 control 311.2 
22.86 7.04 

7 No 
Choline 240.0 

1 control 306.9 
9.83 6.90 

8 No 
Biotin 267.1 

1 control 311.2 

8.52 7.01 

6 No 
Nicotinic Acid 268.4 

1. This table was prepared by Prof. B. H. Frame 
of the Department of Agricultural Econ()mics. 

2. Statistical Methods, by George W. Snedecor, 

Difference on rm of Means 

8.63 . 98.8 14.06 

11.46 

11.88 71.2 15.91 

8~61 

11.84 
39.8 14.11 

7.06 

·• 
11.88 

42.8 15.34 

9.64 

Iowa State Agricultural College ( 1> 
3. Any ratio higher than is shown below indicates 

a probability less than . 01 that the difference 
is due to chance. 
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purposely made lower in vitamin content than any poultry grower is 
ever likely to employ in practice. However, when this ration was 
supplemented with seven, or even five, water-soluble vitamins the chicks 
grew more rapidly than would be expected from current growth 
standards. This indiCates that none of the unrecognized vitamins is 
likely to be seriously deficient in a practical chick starter ration. In 
other words, when a practical ration is deficient in vitamins, the 
deficiencies can be remedied by providing vitamins that are now recog­
nized. When reliable assay methods for these. vitamins become avail­
able it should be possible to determine whether or not a ration contains 
an adequate vitamin supply without a feeding trial. 

It should be pointed out that the rapid rate of growth on the supple­
mented ration is due partly to the inclusion of casein and gelatin. In 
our experience the rate of growth on rations th;tt contain these two 
proteins is higher than when they are replaced by the commonly used 
protein supplements. 

Thiamine and Pyridoxine. It can be taken for granted, with almost 
complete certainty, that failures with a chick starter ration are not 
due to a deficiency of either thiamine or pyridoxine. When either 
vitamin was omitted or when both were omitted, the chicks grew at 
the same rate as when they were included. 

Riboflavin. It had been demonst rated previously, in trials that 
will be described .in a separate publication, that rations can be much 
better than Ration A and still be defic.ient in .riboflavin. For that 
reason only one trial, with 4 chicks, was conducted with a ration that 
did not contain added riboflavin. There were no deaths within the 
4-week period, but growth was very slow and 3 chicks developed 
typical curled-toe paralysis. It is well known that praCtical rations 
will be deficient in this vitamin unless it is provided in such supple­
ments as alfalfa meal or milk, or milk by-products. Since this vita­
min is fabile, the quality of the supplements is of decisive importance. 

Pantothenic Acid. Ration A is seriously deficient in pantothenic 
acid. The weights were subnormal, many of the chicks had a char­
acteristic staggering gait, and they were markedly listless. Of the 
33 chicks that survived, 4 had severe perosis. There were 5 cases 
marked as mild, but there may have been some confusion between mild 
perosis and incoordination of the muscles. None developed dermatitis, 
but the mortality rate was higher than is normal. The listless atti­
tude, and posture, were strikingly similar to those exhibited by many 
of the chicks that had been brought fo us by practical poultry growers 
for examination because of an abnormally high mortality rate. This 
similarity in appearance indicates to us that at the present time a 
deficiency of pantothenic acid is the most important single cause of 
death in young chicks, when the management is reasonably satisfactory 
in other respects. As yet, however, there has been ~--o opportunity to 
test this hypothesis. 
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Nicotinic Acid. Although it h.ad been demonstrated by Briggs 
et al. (2a, b) that the chick requires nicotinic acid, it was not ex­
pected that Ration A would be deficient in that vitamin. However, the 
weights were slightly, but significantly, reduced when nic:otinic acid 
was omitted from the diet. The most striking result of the omission, 
however, was the more frequent occurrence of perosis, which was nearly 
24 per cent. It is quite certain that under some circumstances a 
deficiency of this vitamin will increase the incidence of this abnor­
mality, but it may be that the prevention of perosis is not a specific 
function of nicotinic acid. One could. assume that the absence of 
nicotinic acid depresses the rate at which intestinal bacteria synthe­
size a perosis-preventing vitamin. It is doubtful that a practical -ra­
tion would ever be sufficiently deficient in nicotinic acid to depress 
the growth rate. However, the possibility that a mild deficiency may 
increase the incidence of perosis is worthy of consideration. 

Choline. The subnormal weights, together with the high incidence 
of perosis, show very clearly that Ration A is seriously deficient in 
choline. If Fraction II of Ration A. were replaced with an equal 
weight of Fraction I, the amount of choline in the modified diet 
would be almost doubled, and this quantity might be enough to pre­
vent perosis. It is quite certain though that this quantity of choline 
would not be enough to provide a wide margin of safety. Perosis 
occurs frequently in farm flocks in this section of Missouri. and in our 
opinion a deficiency of choline is a contributing factor. 

Biotin. The weights of chicks which did not receive biotin were 
slightly below the maximum, and the incidence of perosis was slightly 
higher than when this vitamin was supplied. The statistical analysis 
in Table 3 was based on six separate comparisons, with from 4 to 15 
chicks in each group that did not receive biotin. The difference be­
.tween the controls and experimental groups is statistically significant. 
There were 27 survivors in Group 8 of Table 2 that do not appear in 
Table 3, and it happened that the average weight of these 27 chicks 
was higher than the average of the 53 that were available for sta­
tistical analysis. This explafos why the difference in weight between 
Groups 1 and 8 is less in Table 2 than it is in Table 3. It seems quite 
certain, however, that Ration A is mildly deficient in biotin, though it 
seems improbable that a practical ration would be deficient in this 
vitamin. 

DISCUSSION 

On several occasions local poultry growers have reported an excessive 
mortality rate in baby chicks. No extensive investigations have been 
carried out. to determine the specific cause of the deaths but the case 
histories indicated that mildly deficient rations and an unsuitable en­
vironment bore the chief responsibility. A combination of these two 
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factors is usually the most probable explanation. It was our opinion 
in a few cases we investigated that the chicks were too cold, at least 
during certain intervals, and that the rations were somewhat less than 
adequate. If there had been only one unfavorable factor the losses 
would have been light, but when there were two the losses were heavy. 
Data to support this hypothesis will be described in detail in another 
publication. One group of chicks was subjected to a temperature that 
was uncomfortably cool, and another was supplied a ration that was 
deficient in a vitamin, with little or no increase in the mortality rate. 
However, when these unfavorable conditions were impos~d simul­
taneously the mortality rate was disastrous. This suggests that wh~n 
a ration is to be tested for adequacy, or when the optimum quantity of 
a vitamin is to be determined, the resistance to low temperatures, or 
to a sudden drop in temperature, is as important as the rate of 
growth. 

·It is clear from the data we ha"ve presented that Ration A is seriously 
deficien~ in several recognized vitamins and it is our opinion that 
under practical conditions, when there are no lapses in management, 
some of these deficiencies are an important cause of early death in 
baby chicks. Ordinarily these deficiencies are prevented by including 
in the diet the more available vitamin carriers such as alfalfa meal, 
dried skim milk, or a miscellaneous group of factory by-products. If 
these supplements are seriously defective, or if they are included in 
insufficient quantity, the ration will be deficient in essential vitamins. 

As to which of the vitamins may be limiting factors in the field we 
are unable to say. Most of the practical rations we prepared in the 
laboratory contained 25 per cent or more of soybean meal, and in our 
experience this quantity provides a high degree of protection against 
vitamin deficiencies. These rations were deficient in riboflavin but 
when this vitamin was supplied there was never a clear indication that 
any other recognized vitamin was a first limiting factor. However, 
if other protein supplements replace most of the soybean meal one 
could not take it for granted that other members of the B-complex are 
always present in sufficient quantity. In fact experience shows that 
some of them are at times present in insufficient quantity. The data 
reported in Table 2, and observations on chicks brought in from the 
field, convince us that deficiencies of pantothenic acid are almost as 
serious as are deficiencies of riboflavin. The symptoms in chicks sent 
in for examination are usually similar to those we observed in Group 
5, which received an insufficient amount of pantothenic acid. In all 
probability it would be possible to make up practical rations that are 
deficient in nicotinic acid and choline, but ·we have no definite evidence 
on the frequency with which such deficiencies occur. Biotin is only 
siightly deficient in Ration A, and it is probably present in adequate 
amount in any practical ration. The data in Table 2 suggest that the 
adequacy of practical rations could be insured by adding synthetic 
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vitamins to them but our experience is not as yet sufficiently exten­
sive to permit a final decision. 

Although Ration A is deficient in recognized vitamins there is nc 
reason to suppose it is seriously deficient in any unrecognized vitamin. 
There is reason, however, to suspect that it is mildly deficient in an 
unknown factor. It will be noted that in Table 2 only Group 9, which 
contained 5 chicks, was entirely free from perosis. Groups 1, 2, and 
4 presumably received an adequate supply of all known vitamins, but 
this abnormality occurred in-every group. It is our opinion that these 
cases are due to a slight deficiency of an unrecognized vitamin, and 
that they never occur when the ration is entirely adequate. Hill and 
coworkers (3) concluded that certain chick rations developed to meet 
war-time conditions are deficient in 01;1e or more unidentified vitamins 
but this conclusion was apparently based on the calculated vitamin 
content of their experimental diet. However, it is our experience that 
even when a ration is adequate by all conventional standards the rate 
of growth may be greatly accelerated by the addition of certain crude 
vitamin carriers. In our opinion this is due to the addition of vitamins 
that have not as yet been recognized. . 

At the time the feeding trials just described were under way sev­
eral suggestions came to us which we plan to investigate with some 
care. There has been no opportunity as yet to establish their merit 
but they seem sufficiently important to justify some mention. 

Repletion Rations. Our experience has led us to a working 
h:vpothesis that the mortality rate in baby chicks could be reduced by 
providing them through the first two or three weeks of age with a 
ration that is heavily fortified with vitamins. It is now the custom 
to supply chicks with the same starter ration until they are 12 weeks 
of age or older. In practice it is undesirable to feed an excessive 
amount of vitamins because rations that carry them are too expensive. 
On the other hand it is undesirable to feed rations that contain an 
insufficient quantity of vitamins, because they permit a higher death 
rate and they also are too expensive. We hope to investigate the 
advisability, at least when there is any doubt as to the vigor of newly 
hatched chicks, of supplying them with a repletion ration for the first 
week or two, and then supplying them with the starter ration only 
after their vitamin reserves have been restored. According to our 
working hypothesis the critical vitamin-containing feedstuffs should 
be incorporated in this repletion ration at the highest levels in order 
that any vitamin deficiencies may be remedied without delay. Past 
experience suggests that such a ration should contain from 15 to 25 
per cent of soybean meal, 5 or 10 per cent of fish meal, 5 or 10 per 
cent of dried skim milk and, if available, 5 per cent of dried yeast. 
There are probably other supplements that would be equally effective. 
If the supplies of such feedstuffs as dried skim milk are limited the 
possibility should be explored that the mortality rate could be reduced 
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by increasing their percentage in the ration during the first three · 
weeks, and then lowering it later on. If the chicks are in an optimum 
nutritional state at the end of three weeks the reduction would prob­
ably not be accompanied by a corresponding increase in the death rate. 
During this period a rapidly growing chick consumes a relatively small 
amount of feed, and the higher cost of a more expensive ration would 
not be a large item. If the mortality rate was markedly reduced the 
cost per chick would also be reduced. 

Pilot Trials. On several occasions poultry growers have come to 
us with stories of impending disaster. They had flocks of several 
hundred or thousand chicks (or poults) which with little warning 
had begun to die at an alarming rate. No infectious disease could 
be discovered, and our own investigations led us to believe that an 
unsuspected nutritional deficiency was the cause of the deaths. In no 
case were we able to identify any specific deficiency, but we were able 
to demonstrate beyond question that an improved nutritional regime 
would stop the losses. 

It seems that before · starting a feeding operation on a scale that 
could cause financial embarrassment if t:i:ouble developed, it would be 
a helpful practice to run a small scale pilot trial. This test should be 
run with . the same lot of feed that is to be used in the later large scale 
operation, and should precede it by about 2 weeks. If malnutrition 
should appear in the pilot flock there would be time to diagnose the 
difficulty and adopt remedial measures before any serious damage was 
done. . 

Significance of Early Deaths. It has happened at times that chicks 
were distinctly lacking in vitality wh~n they reached the laboratory, 
and in a very small percentage of the total number of shipments, a 
large proportion died even though they received a good ration. Usually 
these unexpected deaths occurred during the first vy'eek but occasionally 
they were distributed over the first two weeks. It is our impression 
that there are two different causes of these early deaths. One is 
chilling of the chicks during shipment, or possibily some failure in 
the operation of the incubators, and after the injury has occurred 
rescue is impractical, if not impossible. It is our opinion that another 
important cause of early deaths is a subnormal nutritional state at the 
beginning of the feeding period. According to our tentative hypothesis 
these chicks are hatched from eggs which were deficient in certain 
vitamins, and the chicks are depleted of these vitamins when they 
leave the shell. They have a poor appetite, consume a subnormal 
amount of food, and if their rations contain only minimum amounts of 
the deficient vitamins they die before there is time for the vitamin 
content of their tissues to rise to a protective level. It has been our 
custom to disregard all mortalities that occur within the first · week 
after hatching, but it may be that when the adequacy of a ration is 
under investigation this practice is a mistake. If a group contains 
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an undue proportion of chicks of low vitality, it may be that many of 
them could be rescued by a superior diet. To the practical poultry­
man it is in some degree irrelevant that a ration permits survival when 
supplied to a college flock that has been carefully selected for vigor, 
if it fails to permit survival in the chicks he has on hand. It would 
seem then that when a ration is being tested for adequacy the test 
should be made with the kind of chicks poultrymen use, rather than 
with ideal specimens which are least likely to yield useful information. 
It may be then that mortalities should be counted after a preliminary 
period that is shorter than one week. ' This period would end when 
practically all the chicks had died which could not be rescued from a 
subnormal nutritional state by attention to the diet. The length of 
this preliminary period, during which mortalities should not be 
charged against the feed, has not been established. 
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