
SEPTEMBER, 1945 RESEARCH BULLETIN 395 

UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE' 

AGRICULTURAL EXPERIMENT STATION 

E, A. TROWBRIDGE, Director 

Soybean Oil Meal 
as a Protein Supplement 

For Baby Chicks 

L. R. RICHA RDSON, A. G. H OGAN and H . L . KEMPSTER 

COLUMBIA, MISSOURI 



SUbBIARY 

A r ation which contains soybean oil meal as the only protein 
supplement is satisfactory for the growth of baby chicks when 
it is supplemented with riboflavin. The chicks grow at a rapid 
rate and there are very few abnormalities. The r ate of R"rowth 
is almost as rapid when the soybean oil meal is supplied at level 
of 25 per cent as when it is supplied at a level of 80 or 40 per 
cent. When supplied at a level of 15 or 20 per cent the rate of 
growth is markedly r educed. 

The soybean oil meal ration is deficient in riboflavin. The 
evidence of a deficiency of any other vitamin is inconclusive. 
The addition of dried whey, dried skim milk, dried yeast or meat 
scrap to the soybean oil meal ration increases the rate of gr owth 
approximately 10 per cent. The addition of dehydrated alfalfa 
meal has very little effect. When these supplements were added 
in pairs gr owth was not more rapid than when each was sdded 
separately. When they were added in combinations of more than 
two the rate of R"rowth, as a rule, was not accelerated. 

The amount of steamed bone meal and other sour ces of calcium 
and phosphor us were investigated. Three per cent of steamed 
bone meal supports the most rapid r ate ot growth. One or two 
per cent is fairly satisfactory, but a ration which contains cal~ 
dum carbonate and no steamed bone meal is entirely unsatis­
factory. Autoclaved ground bone, U.S.P. trica1cium phosphate, 
and a defluorinated rock phosphate are effective substitutes. Al­
though the soybean oil meal ration supplies more than 0.5 per 
cent of phosphorus, it is necessary to add some source of inorR"anic 
phosphorus fo r a satisfactory rate of growth. 

The rate of growth was Incr eased and the incidence of perosis 
was reduced by substituting wheat for corn. 



Soybean Oil Meal 
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It is frequently stated in the literature that rations for baby 
chicks are unsatisfactory if they contain no animal protein, but 
the more important animal proteins such as meat scraps, fish 
meal, and milk products were frequently unobtainable during the 
war emera-Mey. Soybean oil meal is more readily available than' 
animal 'protein 'concentrates, but there has been some uncer­
tainty aa to its biological value for poultry. Irwin and Kempster 
(1942) have shown that soybean oil meal can be used as a partial 
substitute tor meat scraps and dried skim milk. The earlier 
literature on the nutritional properties of lIoybean oil meal pre­
pared by various methods, and its use in rations for chicks, has 
been r eviewf'd by Hammond and Titus (194$) and by Heuser 
and Norris (1944). 

The present investigation was undertaken to determine whether 
baby chicks grow satisfactorily on a ration that contains no 
protein supplement except soybean oil meal, and to determine the 
degree of improvement when tne critical constituents such as 
meat scraps, fish meal, mUk products and alfalfa meal are also 
included. 

EXPERIMENTAL 
The exper imental animals were single.comb White Leghorn 

and Barred Plymouth Rock chicks which were obtained from a 
commercial hatchery . . They were divided into groups of 5 to 15 
chicks in such a manner that their average initial weighta were 
the same. The number of times that an exper iment was repeated 
is indieated by the number of trials as shown in the tables. The 
chicks were kept for the first three weeks in an electrically heated 
battery maintained at a temperature of 90· to 95 ° F. At the end 
of this period they were transferred to a growing battery in a 
r oom in which the temperature varied frOm 750 to 80· F . Feed 
and water were available at all times. . 

The chicks which died durif'i the first week were omitted from 
the records. The e~perimental periods in all tables were six 
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weeks in lenzt}l. The mean .weight as used in this report is t he 
sum of the average weights of the males and of the temales 
divided by two. This weight is used b«ause it simplified the 
tables, and it measures the difference in response to the various 
rations as accurately as would the average weights from which 
it was computed. The natural feedstuffs which were used in 
the rations were obtained on the open market. T he alfalfa meal 
was a commercially dehydrated product and the yeast was brew_ 
ers' blended yeast. All materials wer e purchased in relatively 
smaH quantities and since new supplies were ordered frequently 
the data obtained gave a reliable indication of the results that 
would be expected in practice. When a natUral feedstuff was 
added as a supplement it usually r eplaced an equal weight of 
corn, but in the more r«ent experiments the corn and soybean 
oil meal \"\'ere varied to maintain a constant protein content. 

Unless otherwise stated, in studies of anyone supplement, 
only those trials are included for which there was a correspond­
ing control. For example, in Table 8 there were six trials with 
White Leghorns and two with Barred Rocks. The control for 
each of these eight trials wss under observation at the same 
time, and the results on the control and experimental rations 
are str ictly comparable. However , the various experimental 
ilieta were not always studied simultaneously, and the results 
are not necessarily comparable. The necessity for caution in 
this respect is confirmed by a comparison of the weia-hts of 
the various controls, which were somewhat variable. Table 6 Is 
an exception as in each t r ial all experimental groups, and their 
controls, were under observation at the same time. The basal 
rations for the different t rials within a comparison, although 
similar, are not necessarily identical in composition. 

The investigations described in this report are discussed under 
the following headings: 

(1) Soybean oil meal as a protein supplement 
(2) Supplements to a soybean oil meal ration 

(a) Addition of one natural feedstuff 
(b) Addition of two natural feedstuffs 
(c) Addition of more than two natur al feedstuffs 

(8) Vitamins as supplements to soybean oil meal rations 
(4) The value of steamed bone meal and other Bources of 

minepal supplementa 
(5) The value of corn as compared to wheat in a soybean oil 

meal ration 
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Soybean OilllleaJ as a Protein Supplement 
Soybean oil meal was fed as a protein supplement to single 

comb White Leghorn baby chicks at 40, SO, 25, 20 and 15 pel' 
cent levels. In every case the ration was supplemented with 
crystalline riboflavin. 
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The data summarized in Table 1 show that the chicks grew 
at about the same r ate when 25, 50, or 40 per cent soybean oil 
meal was included in the ration, with a mean weight of ap..­
proximately 590 grams. When the amount of soybean oil meal 
was decreased to 20 or 15 per cent the rate of growth was de­
creased and the mortality rate, although not excessive, was 
increased. In order to obtain a measure of the degree of adequacy 
of the rations described, this weight was compared with t he 
weights reported in a few publications that bappened to be at 
hand on practical poultry feeding. The most rapid rate of growth 
of White Leghorns described in these papers was observed by 
Horlacher, Smith and Wiley (1941). The average weight of the 
males and females together was 359 grams at six weeks. Barred 
Plymouth Rocks were used in our later studies and an excellent 
rate of growth for this breed was observed by Roberts and 
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Carrick (1933). The average weights· of the males was 451 
grams. In a later report these same authors (Roberts and Car­
rick, 1937 ) reported the exceptional weisht of 547 grams for 
male Barred Plymouth Rock chicks at six weeks. 

It is our e;ocperience that chicks on practical poultry rations 
grow more slowly t han they do on our better synthetic diets. 
Richardson, Hogan and Karraseh (1942) reported a mean weight 
of 465 grams for White Leihorns on synthetic diets. An average 
weight of 555 grams at six weeks was obtained with synthetic 
diets in unpuhlished observations on Barred Plymouth Rocks. 

The ration which contained 25 per cent of soybean oil meal 
was fed in separate t r ials to White Leghor n chicks at the Uni­
versity of Missouri Poultry Farm. These chicks had a mean 
weight of 342 grams and there were no abnormalities. At the 
same time a second ,roup of chicks received a similar ration 
except that it contained 10 per cent of alfalfa meal, 7 per cent of 
meat scrap and 15 per cent of soybean oil meal. These chicks 
weighed exaetly the same as those which received the soybean 
oil meal ration. These experiments, carried out under practical 
conditions. supply additional evidence that soybean oil meal 18 a 
sat isfactory proteln supplement for baby chicks when it is sup­
plied a t a level of 25 per cent and supplemented with riboflavin. 

These observation.!! are not in complete agTeement with those 
of£erry, Carr ick, Roberts and H/luge (1948a, b) and Hammond 
and Titus (1944) who found that in the absence of animal 
protein •. 35 per cent of soybean oil meal may be required for a 
r apid r ate of ,rowtb. 

In some of our earlier uper iments common table salt was 
used instead of iodized salt. T he thyroid a lands of a few chicks 
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on different amounts of soybean oil meal were removed. and 
weighed to determine if ther e was any goitrogenic effect of 
soybean oil meal in the absence of iodized salt. The thyroid 
glands from a group oJ chicks which received a synthetic ration 
that contained casein and gelatin were also removed and welghed 
as controls. The weights of the thyroid in milligrams per 100 
grams of chick are summarized in Table 2. The data show that 
soybean oil meal has no goitrogenic effect at a level of 80 per 
cent. Only a few chicks were available which received 40 per 
cent, but the thyroid glands of these chicks were definitely heavier 
than those of chicks which received a lower Jevel of soybean oil 
meal. 

Natural Feedstull"s as Supplements to a Soybean Oill\1eaI Ration 
For Baby Chicks 

Addition of One Natural Feedstull".-Dehydrated alfalfa meal, 
dried whey, dried skim milk, dried yeast , and meat scrap were 
each tested separately as supplements to soybean oil meal. With 
the exception of meat ac.rap, each was fed at a 5 and at a 10 per 
cent level, but since the chicks which received 5 per cent of any 
one supplement grew as rapidly, in practically every case, as those 
which received 10 per cent, the data at the two levels hsve been 
combined. The results are SUmmarized in Table S. The composi. 
tion of a typical ration is as follows: 

Yellow com ..•..•••.•.••• 4'1 
Wheat bran .............. I) 

Wheat shorta . .. : ........ 15 
Soybean oil meal ......••.. 25 
Dehydrated a1blfa. .... .... 5 

Stnmed bone meal ...... . 
Iodized salt . ............ . 
A·D Cone . . • .....••• • .... 
MnSO. 4B,O ............ . 

2.0 
0.5 
05 

.0< 

The' data show that the addition of anyone of the feedstuffs 
which was tested increased the r ate of growth, with the exception 
of dehydrated alfalfa meal, by approximately 10 per cent. Table 
S indicates that dehydrated alfalfa has no value as a supplement 
to soybean oil meal but in another trial, summarized in Table 6, 
it did give a small increase in the rate of growth. As a rule 
thou,h, alfalfa has not improved our rations in any siitlificant 
way when they were fortified with adequate amounts of vitamin 
A and riboflavin. Dehydrated alfalfa. meal, when fresh or when 
stored for only a short period, supplies 95,000 International units 
of vitamin A as carotene and 8000 microgT8ma of ribofiavin ,per 
pound (Titus 1942). At a level of 5 per cent this grade of alfalfa 
supplies 4750 I. U. of vitamin A and 400 mictOiTams of riboflavin 
per pound of ration. This is about the minimum requirement 
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of vitamin A and one-third the minimum requirement for ribo­
flavin. Both of these vitamins ar e unstable and a poorer grade 
of alfalfa contains much less of the vitamins. Since a poor grade 
of alfalfa is low in vi tamins and high in crude fiber it may be 
more harmful than beneficial in rations for gr owing chicks. 

The supplementary value of meat scraps was tested at a 10, 
7.5,5 and 2.5 per cent level. All groups, with the exceptions of 
one which received 7.5 per cent of meat scrap, r eceived crystalline 
r iboflavin in addition. The chicks in the group which did not re­
ceive riboflavin grew very slowly and the mortality rate was high. 
In addition 11.8 per cent developed typical curled-toe paralysis. 
These data show that meat scrap is a very poor source of ribo­
flavin. The rate of growth was most rapid when meat scrap was 
supplied at 7.5 and at 10 per cent levels. It was less rapid at 
the 5 per cent level and at the 2.5 per cent level t..l:Ie rate of 
growth was no faster t'han it was with none. No attempt has 
been made to determine what specific nutrient is responsible for 
the supplementary effect of meat scrap, but it is high in protein, 
which may furni sh essential amino acids that are not supplied in 
sufficient quantity for an optimum rate of growth by the soybean 
oil meal. From other data which are given in another publica­
tion there is no reason to suppose that meat scrap supplies un­
recognized vitamins. Regardless of the specific nutrient re­
sponsible for the value of meat scrap, these data show that it 
has very little value in supplementing soybean oil meal when 
aupplied at a level of 5 per cent or less. As pointed out above the 
addition of dried skim milk, of dried yeast, of meat scrap, or of 
dried whey, to the soybean oil meal ration increases the fate of 
growth of chicks up to 6 weeks of age. However, as shown in 
Table 8 the control group. in each comparison grew at a fairly 
satisfactory rate and it demonstrates that a ration which con­
tains soybean oil meal as the only protein supplement is satis­
factory. 

These observations agree for the most part with those of Berry 
et al. (1943a, b), Hammond and Titus (1944J, Heuser and Nor ris 
(1944) and Wilgus and Zander (1945). However, these authors 
are of the opinion that from 2 to 6 per cent of a.nimaJ protein must 
be added along with soybean oil meal in order to maintain a 
satisfactory rate of growth. 

Ott (1944) r eported that.a ration which contained soybean oil 
meal as the sole protein concentrate supported as rapid a rate 
of gTowth in chicks as did commercial starter rations which 
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contained various animal and vegetable protein supplementa. Re­
cently Marvel et al. (1945) have reported a remarkably rapid 
rate of growth by chicks on rations that contained 10 per cent 
of distillers' dried solubles, and 26 per cent of soybean oil meal 
as the only protein concentrate. Males on these rations (Lots 19 
to 24, Table 4) weighed an average of 514, to 546 gnms at 6 
weeks. Evidently soybean oil meal by itaeU is entirely satisfac­
tory as &- protein supplement, if the meal is of suitable quality, 
and if the other nutrients are present in suitable quantity. It 
should be emphasized though that records of comparable growth 
rates, on similar diets, are r are. In fact this same group of 
investigators has reported excellent growth in one trial and 
moderate growth In another, when the differ ences between the 
ration formulas seemed too trivial to explain the differences in 
rate of growth. We have had the same experience. 

It will be observed in Table 3 that the chicks in the control 
eroups grew more slowly as a rule than did those described in 
Table 1. These trials were not all conducted at the same time 
and as pointed out previously the rations, although similar, are 
not necessarily identical in composition in every respect. It is 
believed the var iability is due to qualitative differences in the 
constituents, chiefty in the soybean oil meal. It is quite certain 
that the simple rations described in this r eport do not provide 
all nutrients in optimum amounts, and a high degree of vari­
ability is to be expected. 

Addition of Two N~tural Feedstulrs.-The same feedstuffs 
which were tested singly in the pr eceding section were tested 
in pair s as supplements to soybean oil meal. The combinations 
were (1 ) whey and a lfalfa, (2) dried skim milk and alfalfa, (3) 
dried yeast and alfalfa, (4) dried skim milk and. yeast, and 
(5) meat scrap and yeast. The exper imental data. are dec.ribed 
in Table 4 and an example of a typical ration follows: 

Yellow com ............. 42.0 Dried akim milk .......... 11.0 
Wheat bran .. . ......... . . 5.0 Steamed bone meal ....... 2.0 
Wbeat shorts ............ 111.0 Io-di,ed nit . . ............ 0.11 
Soybean 011 meal ......... 211.0 A-D <4Ine .•••••••.••••..• 0.11 
Dehydrated alfalfa meal .. ~. O MnSO.4H,O ..•••. ...•• •. .04 

It was shown in Table S that dehydrated alfalfa meal has "DO 
value as a supplement to the soybean oil meal ration when 
added alone, and the data which are summarized in Table" show 
that it has no value when it is added with dried whey, dried 
skim milk or dried yeast. When supplied as a single addition 
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dried yeast improves the soybean oil meal ration, but when it is 
included with dried skim milk or with meat serap the rate of 
growth is no faster than when it is omitted_ 

When yeast, skhn. milk, or meat scrap is added to the soybean 
oil meal ration, ei ther singly or in. various combinations, the 
protein. content of the r ation Is increased. It may be sunested 
that the increase in protein Is r esponsible for the more rapid 
rate of arowth when these ingredients are added. The trials, 
which are summarized in Table 6, in which the protein content 
of the r stions is constant, do not support this hypothesis. The 
addition of these same ingredients either singly or in combina­
tion still lave about a 10 per cent increase in. the rate of growth. 

AddJtion of More Than Two Natural Fudstul'rs.-The natural 
feedstuffs which were under investigation as supplements U> soy­
bean oil meal wer e added U> the r ation in combination of three 

, 
•• 
.I·.t ... 
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or more. An example of'a typical r ation follows: 

Yellew eorn meal ......... 40.5 Dried yealt .............. li.O 
Wheat bran .............. 6.0 Steamed oon'! meal ....... 2.0 
Wheat shett. ............ 15.0 Calcium carbonate ........ l.~ 
S<>ybtan oil meal ......... 20.0 Iodiud aal t .. .. . .. ....... O.li 
Dehydrated alfalfa meal .. 5.0 A. D Cone ................ 0.5 
Meat ",rap ............ .. 5.0 MnSO. 4H,0 ............. 0.04 

The following combinations were tested: (1) meat scrap. 
alfalfa and whey, (2) meat scrap, alfalfa, and skim milk, (3) 
meat scrap, alfalfa and yeast, (4) meat serap, yeast and skim 
milk, (5) meat scr ap, yeast, alfalfa and skim milk, and (6) liver 
meal, yeast, alfalfa, and skim mille These data are summarized 
in Table 5. 

With one exception the chicks which received a supplement 
of more than two natural feedstuffs grew at a slightly more 
rapid rate than those which received meat scrap, or meat scrap 
and yeast. The chicks themselves were more vigorous and 
appeared more uniform than those whlch received sinile addi· 
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tions. There were no abnormalities and the mortality rate was 
low. The combinations which gave the most rapid rate of ,rowth 
were (1) meat scrap, alfalfa and yeast, (2) meat scrap, yeast 
and skim milk, and (3) liver meal, yeast, alfalfa and skim milk. 
The chicks which received a combination of meat scrap, alfalfa 
and whey grew slightly faster than those which received meat 
scrap alone. Those which received meat scrap, alfalfa and skim­
milk gTew at about the same rate as those which r~eived meat 
scrap. 

Since the number of trials and the number of chicks per trial 
is small in the above comparisons the differences may Le mis­
leading. In another series with Bar red Rock chicks in which 
the comparisons were made simultaneously, the addition of 
either dried skim milk or meat scrap, to the soybean meal ration 
accelerated the rate of growth as much as did the addition of 
any combination of two or more of the natural feedstuffs under 
investigation. In these rations the protein content was constant. 
The observations on the chicks are summarized in Table 6, and 
exampJes of two typical rations are as follows: 

I II 
Yellow ~orn meal . ...................... .. ...... 51 55 
Wheat bun ... . ................................ 5 5 
Wheat short •..... ... ........ •.. ......... .. ..... 15 15 
Soy","an oil meal . .......... _ • • .......... ....... . 25 14 
?lhat scrap. . ... ....... . .. ... • . . . .. .... ... . ... .. 10 
Steamed bone meal.. . .. . .. . . . .. ......••.. .... ... 3.0 
Iodiud ult . . . ...... . ... ... . . • ..... .. .. ... . ..... 0.5 0.5 
A. D Cone. .•.•.......•• •.... .. .. ••.•.••••..••.•. 0.5 0.5 
MnSO. 4H.o ...• ...... ••••.. .. .••.•••..•..•..•• 0.D4 0.04 
Ri bol'l • .,in Mr/100 ..... ... .... . ......... . ....... 0.4 0.4 

When alfalfa or yeast was added the chicks irew at a slightly 
faster rate than those which received the basal ration alone. 
When alfalfa was combined with dried skim milk or with dried 
skim milk and meat scrap the rate of growth was slower than 
when either skim milk or meat scrap waa added without the 
alfalfa. The chicks in the one trial which received a combination 
of dried skim milk, dried. yeast and meat scrap grew at about 
the same rate as those which received skim m.ilk slone. As a 
rule the addition of one, of two, or of three natural feedstuffs 
gave about the same increase in the rate of growth, but the 
increase is never very large in any ease. 

Vitamins as Supplements to a Soybean Oill\leaJ Ration.-There 
is no doubt, f rom the experiments which are described above, 
that meat scrap, dr ied skim milk or dried yeast either singly or 
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in var ious combinations improve the soybean oil meal ration. 
However, it is seen in Table 1 and in the controls in Table 3 that 
soybean oil meal alone is satisfactory as a protein supplement 
if it is supplemented with riboflavin. 

This portion of the report is to show the value of pure vitamins 
as supplements to soybean oil meal. The following comparisons 
are made: (1) Riboflavin and no riboflavin, (2) choline and no 
choline, (3) riboflavin and all the water-soluble vitamins. These 
observations are summarized in Table 7. 

The chicks which received riboflavin grew at a much faster 
rate than those which did not receive it. In addition there were 
9 chicks, or 17.0 per cent, in the latter group which developed 
curled-toe paralysis. Occasionally a group of chicks which did 
not receive r iboflavin grew as rapidly as those which received it, 
but these were exceptions. At the most this ration supplies only 
border-line amounts, and it would be hazardous to use it without 
a riboflavin supplement. The chicks which received choline grew 
at a slightly faster rate than those which received no choline. 
In another comparison a total of 98 chicks in 3 trials with all the 
water-soluble vitamins grew slightly faster than a total of 32 
chicks in 8 trials with riboflavin as the only supplement. These 
tests indicate that there is a border-line deficiency of some recog­
nized vitamin, and it may be inferred tha,t this is choline. How­
ever, when three additional trials with a total of 80 ,chicks with 
riboflavin as the only supplement are combined with the 32 chicks 
there is no indication that any vitamin other than riboflavin is 
deficient. The difference in the weight in any case is relatively 
small and may not be highly significant. However, these trials 
were conducted under optimum conditions. If the environment 
had been less suitable it is possible that a vitamin deficiency 
would have become evident in the chicks on the basal diet. It 
was demonstrated in another investigation, which . will be pub­
lished elsewhere, that chicks on an adequate diet withstand ex­
posure to slightly subnormal temperatures with only slight ill 
effects. On the other hand, chicks which received insufficient 
pantothenic acid had a disastrous mortality rate. Also it should 
be remembered that soybean oil meal is superior to some of the 
other protein concentrates in its vitamin content. Therefore, it 
is possible that substitution of another protein concentrate, with­
out regard to ita vitamin content, for all or a portion of the 
soybean oil meal may decrease some vitamin so that the total 
amount available would be inadequate. This warning is also 
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suggested by the fact that feedstuffs are variable in nutritive 
value. As an example Berry et al. (1943), reported that some 
preparations of soybean oil meal are deficient in choline. Our 
data, in Table 7, show that riboflavin was deficient in the basal 
diet. It is by no means improbable that other vitamins are 
present in border·line amounts. 

The Amount of Steamed Bone Meal and Other 
Mineral Supplements for Baby Chicks 

For a short period during the present emergency it appeared 
that the amount of steamed bone meal available for poultry 
rations would be greatly reduced and that a substitute would 
have to be found. Investigations were carried out to determine 
the amount of steamed bone meal required for growing chicks, 
and to determine the value of autoclaved ground bone, t r icalcium 
phosphate and defluorinated rock phosphate as substitutes. The 
basal ration was the same as that given in the section entitled 
Soybean Oil Meal as a Protein Supplement. Steamed bone meal 
was supplied at a level of 3, 2, 1, and 0 per cent; the calcium 
content of the ration was maintained at a constant level by ~he 

TABLE e. _ Till!: A)lOUllTOJ' STJ:AMRD BmlIII>! .... L AND THII VALlIE OF OTHER 
I>!lNERAL SIIPPLE)lENTS FQR BABY CHICK:! 
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addition of calcium carbonate. Autoelaved ground bone was sup.. 
plied at a 5 per cent level; triealcium phosphate at 2.5 per cent 
and the detluorinated rock phosphate at 3 per cent. These ob­
servations are summarized in Table 8. 

The most rapid rate of growth was obtained when !Jteamed 
bone meal was !J.lppJied at the 3 per cent level, and it was 
reasonably utlsfactory when the steamed bone meal was sup.. 
plied at a level of 1 or 2 per cent. It was entirely unsatisfactory 
when no steamed bone meal was added even though the ration 
contained slightly more than 0.5 per cent of phosphol1ls. This 
observation is in agreement with that of McGinnis, Norris and 
Heuser (1944 ) , but Singsen and Mitchell (1944) reported that 
phosphorus in cereals and legumes is readily available if the 
ration contains unheated leafy material or .If the chicks have 
access to green grass. The chicks which received autoelaved 
ground bqne, tricalcium phosphate or detluorinated rock phos­
phate grew as rapidly a!J those which received steamed bone meal. 
Barrentine, Maynard, and Loosli (1944) have shown that certain 
detluorinated rock phosphates may be inefficient in bone forma­
tion and may inhibi t growth of rats. It should be emphasized, 
therefore, that if a detluorinated rock phosphate is to be sub­
stituted for steamed bone meal it should be low in tluorine (less 
than 0.10 per cent), and it should contain calcium and phosphorus 
in a form which is readily available. 

TABU t. - THE VALli. or CORN AS eo.tPARJ;t) TO 'IIlIUT II< 
IIOTlIEAH OIL MIIAL RATIONS"* I.AlIT CIUCD 

===~ 

• 
• 

.. .. ... 
•• • 

... ... .... 1.0 

.... 1.0 

Value of Com as Compared to Wheat in Soybean Meal Rations 
It will be observed in Table 9 that the rate of growth was 

slightly accelerated when wheat was substituted for corn. The 
difference in the rate of growth was small .and may not be sig­
nificant under practical condition s. No attempt was made to 
determine whether the difference was due to the higher protein 
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content of the wheat ration. There was no perosis on the wheat 
ration and this difference may be significant. Wheat is deficient 
in carotene while yellow com contains this vitamin. However, 
when vitamin A is provided from other sources wheat may be 
superior to corn. 

Hammond and Titus (1944) observed that wheat is slightly 
superior to corn or a combination of corn and oats. They attrib· 
uted this superiority to the relative age of the two cereals. In 
the experfments which are described here the age of the corn 
or of the wheat before grinding was not available. They were 
ground in the laboratory or purchased from a local mill im· 
mediately after they were ground, in quantities which were used 
up within a period of 6 to 8 weeks. 
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