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ABSTRACT 

A comparison has been made of the growth rate of rats which received 
rations that varied in the content of vitamin B (complex) and of protein. 
One group received a ration deficient in both vitamin B and protein; a sec­
ond received this same ration with an additional allowance of vitamin 1:1; a 
third received a similar ration except it contained a much larger percentage 
o f protein; the fourth received the high protein ration and the vitamin B sup­
plement in addition. Two m'ethods of feeding were used, ad libitum and 
regulated. 

When the ad libitum method was used the following observations were 
made: If the basal diet is supplemented with vitamin B the food intake is 
increased. If the protein content of the basal ration is raised to a higher 
level the food intake is practically unchanged. In both cases the rate of 
growth is accelerated. When these two changes are made simultaneously 
the food intake is greatly augmented. and the rate of growth is stilI more 
rapid. 

"\iIlhen the regulated method of feeding was used the following observa­
tions were, made: The addition of vitamin B to either the low or high pro­
tein ration accelerates the growth rate- slightly, but the acceleration may be 
ascribed to the calorific value, of the supplement. When the percentage of 
protein in the ration is increased, the rate of growth increases also. 

vVithin the limits of the protein levels used, convincing evidence was not 
obtained that the amount of vitamin B necessary for a certain rate of growth 
varies with the quantity of protein in the diet. The corollary conclusion is, 
the amount of protein necessary for a certain rate of growth does not vary 
with the amount of vitamin B supplied. 

If a ration is deticient in both protein and vitamin B, it is made more 
aclequate for growth by increasing the amount singly of either constituent. 



Effects of Variations in the Amounts of 
Vitamin B and Protein in the Ration 

ALBERT G. HOGAN AND ROBERT 'vV. PILCHER 

HISTORICAL 

Ever since the recognition of vitamin B as an essential nutrient 
there has been continuous interest in determining the amount re­
quired to completely supplement rations that are otherwise adequate. 
The results of such investigations have led to' the belief among 
many workers that the minimum daily requirement may be vari­
able, depending on the proportions of certain other nutrients in the 
diet. Practically ever since the vitamin was discovered, there has been 
a more or less continuous discussion of the possibility that the re­
quirement for vitamin B may increase as the level of carbohydrate 
intake rises. More recently it has been asserted that the require­
ment for this vitamin may also be increased by a rise in the protein 
intake, and this view is commonly accepted today. If this accep­
tance is justified it may have important practical conseqnences. In 
the stage of rapid growth animals commonly consume rations of 
a high protein content, and it is dttring this stage that producers 
of livestock, of swine and poultry especially, are likely to meet 
unexpected difficulties. 

The literature in this field is very extensive, and because of the 
hmitations of space only those papers will be reviewed that have 
a direct application to our problem. The monographs of Sher­
man and Smith\ and of the British Medical Research CounciF may 
be consulted for additional references. Our interest at present 
is limited to the possible interrelation between the amounts of pro­
tein and vitamin B in the diet. As a result of her studies on the 
effect of diet on lactation HartweUa expressed the opinion that 
mOre vitamin B is required when the allowance of protein is liberal 
than when it is at a moderate level. Drummond and collaborators 
made somewhat similar studies of the possible quantitative rela­
tion between protein and vitamin B, but used growing rats as ex­
perimental animals. Their resnlts confirmed ' those of Hartwell. 
Drummond, Crowden and Hill'l used two rations, one containing 
20 , the other 83 % of casein. The two rations containeCI the same 
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percentage of yeast extract, as a source of vitamin B. The lower 
percentage of casein permitted growth to normal adult size, but 
the higher level sustained growth only to about 150 grams. A few 
years later Reader and Drummonds published the results O! similar 
studies. They reported that on rations containing 45 % casein, 
rats grew normally for 8 or 10 weeks, but made only slight gains 
thereafter. If the casein were increased to 90% the adult size was 
only one-third of the normal. Reader and Drummond6 later sug­
gested that in order for normal growth to occur the ratio of yeast 
to vitamin B must not fall below a definite minimum. They stated 
that there should be not less than 1 part of yeast extract to 5 parts 
of protein. Some of Hartwell's conc1usions7 are in fair agreement 
with this estimate. She observed g rowing rats, and used rations 
containing 20% of protein. She stated that growth wu~ subnor­
mal unless the rations contained a minimum of about 5% of mar­
mite. 

In investigations of the type we have been describing there 
may be a difference of opinion as to the most suitable procedure, 
but there is no doubt that this may be an important factor in de­
termining the outcome of a series of observations. One important 
suggestion now commonly adopted is the· Steenbock techniqueS 
for the prevention of coprophagy. The importance of this point 
can not be determined without specific study, but it may be signifi­
cant that the Steenbock procedure to prevent coprophagy w'as not 
used by the workers just mentioned. It was used by Sherman 
and Gloy9, and these investigators obtained no evidence that the 
requirement for vitamin B may be affected by the amount of pro­
tein consumed. The percentage of protein in their rations varied 
from 12 to 54, and orange juice was used as a source of the vitamin. 
It may be significant that the general condition of the rats when 
they received 18% of casein was better than when they were 
on the higher levels. The experimental periods only covered 8 
weeks, however, so the significance of that observation is uncer­
tain. 

Another point of procedure which has been much studied re­
cently in feeding' trials is the method of feeding the experimental 
animals. The ad libitum method is most used at present, but it 
has been severely criticised by Mitchell10 ' b, who regards it, and 
the results it gives, as indecisive at best. He insists one cannot 
escape the obvious fact that the extent of growth is chiefly depend­
ent on the amount of food eaten. Rosell does not altogether agree 
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with Mitchell, and stresses the fact that a diminished food intake 
is a direct result of dietary inadeqnacy. In his support he cites 
such authorities as F. G. Hopkins, and Osborne and Mendel. His 
position seems to imply that under controlled conditions the fail­
ure to consume food may be as significant as the gains in weight. 

One of the first attempts at avoiding the uncertanties of the ad 
libitum method is that of Osborne and Mendel12 • They were in­
vestigating the relative efficiency of various proteins, and initiated 
the lim:ited feeding method. According to this procedure all ex­
perimental animals receive the same amount of food, and of pro­
tein, per unit body weight. This technique was later changed13 to 
what they designated as their Series A and Series B types of feed­
ing. In the Series A type the animals are given increasing amounts 
of the experimental diets at definite tim1e intervals regardless of 
their body weights. In the Series B type, which was preferred by 
the authors, the animals compared are given the same amount of' 
food, and the composition of the rations is so regulated that they 
make the same gains in weight in the same interval of time. 

A method that is somewhat simpler in practice, but which 
contains the essential features of the procedure of Osborne and 
Mendel was first proposed by ArmsbyH, and was later used by 
Gulick15 • More recently it has found an exponent in MitchelpOb 
and it is largely due to him that this procedure, known as the pair­
ed-feeding method, is now being widely used in various laboratories. 
In this method the animals on the control and experimental diets 
are arranged in pairs~ and the intake of bo.th animals of anyone 
pair is the same. The amount of food offered the animal which 
would voluntarily eat the most, is limited to the quantity consum~ 
ed by the other member of the pair. Mitchell's chief point is that 
even though the animals on the better ration are restricted as to 
intake, they will still do better than those on the poorer ration, 
which are eating ad libitttnL. 

In planning the work to be described later it was decided to 
use both the paired feeding and ad libzitHm methods, and compare 
the results obtained by the two procedures. In this paper the pair­
ed feeding method has been designated the regulated method, in­
asmuch as four animals instead of two were maintained on the 
'same intake. 

It is unnecessary at present to review the extensive literature 
in which the paired feeding method has been used, but there are a 
few papers which have a direct application to the data to be present-
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ed later. In the course of his studies on the deficiencies of syn­
thetic diets Hopkins" G noted that young rats were able to grow if 
the basal diet was supplemented with small quantities of milk, and 
calculated that the increased growth rate was not the result of an 
increased supply of calories. He also observed that when rats 
received inadequate diets, the rate of growth decreased before the 
food intake was diminished. This observation is now interpreted 
as shovving that a ration deficient in vitamins supports less rapid 
growth than one that is more nearly complete, even though the 
~nergy intake be identical. In a brief abstract MitchelJl7 supports 
this point of view, in a statement that the paired-feeding method 
may be successfully applied to the determination of vitamin B. 
Sure' (' seems to be in complete agreement with Mitchell. r2-lmcr's 
observations19 have some application to this point , though it 'was 
not his immediate problem. His data indicate that if animals con­
sume the same amount of energy, their rates of growth will not be 
much affected by differences in the amount of vit2.mie consumed. 

IvIitchelP7 also states that when a ration contain 1870 of case­
ill, between 40 and 45% of corn is required to' provide enough vita­
min B, but if the ration contains 30% of casein, then adequate vita­
min B is :::upplied by from 25 to 30% corn. 1"hi5 does not agree 
'with the experience of Sherman and Gloy9 who noted no differ­
ence in the vitamin B requirement within these limits. Jl.Jso,:t 
does not agree with the results of Drummond and covvorkers4 r. G, 

who observed an increased requirement for vitamin B as the quan­
tity of protein was increased. 

Our primary purpose was a reinvestigation of some of these 
disputed points, especially of the follO\ving: (1) Does the amount 
of either protein or of vitamin B that is necessary for a certain 
rate of gro\',rth, vary according to the quantity that is supplied of 
the other constituent. In addition the following possibilities were 
also considered. (2) If a ration is deficient in both protein and 
vitamin B, is it made more adequate for growth by incre:tsing 
singly the amount of either one. It should be pointed out that 
if such an increase in adequacy were observed, it might be an ilius­
tration of a more general law. That is, when a ration is deficient 
in any t\"lO respects, grov.:th is accelerated by increasing the amcunt 
pf either one. 
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EXPERIMENTAL 
Procedure.-Albino rats were used exclusively and were cOn­

fined in individual metal cages, with floors of hardware cloth. The 
food containers were made especially for this work, and were de­
signed to reduce to a minimum the wastage of food and to facilitate 
an accurate determination of the amount of food consumed. \Va­
ter was supplied in an inverted drinking fountain. 

The food was weighed out on a small agate-bearing beam 
balance, to an accuracy of about 10 milligrams, and transferred 
to the food containers. The cages were placed over 10-inch filter 
papers, in graniteware pans, so wasted food could be recovered. 
On the following day the food in the box and that spilled on the 
paper were combined and weighed, in order that the food intake 
for the preceding 24 hours could be estimated. The food for the 
current day was then weighed out, and the weights of the animals 
taken. 

The composition of individual diets is shown in Table 14 of 
the Appendix. Casein was used as a source of protein. In some 
of the rations this was prepared (casein 80) by leaching with 0.1% 
acetic acid for a week. It was then dried on the water bath and 
ground. In other rations it (casein 180) was purified by the meth­
od of Palmer and Kennedy 20. Vitamins A and D were supplied 
by cod liver oil, and lard made up the total fat content to 15%. 
Corn starch, cellulose, and a salt mixture21 were the other mate­
rials used. These constituents were mixed by hand, in amounts 
just sufficient to last one week, so as to prev,ent the destruction of 
vitamin A by oxidation. The rations fed at anyone time in a series 
contained the same amount of vitamin B, supplied in the form of 
dried yeast.* This was purchased in lots of 10 to 20 pounds, and 
thoroughly mixed as further assurance of uniformity. Since it was 
desired to obtain accurate records of food intake, it was deemed 
best to measure the daily intake of every animal used in the ex­
periment. 

The rats for anyone series were from the same litter, and were 
of the same sex. Males were preferred, because of the greater range 
in body weight, but there were 3 series of females fed by the reg­
ulated method. Four rats made up a series. Two of these re­
ceived a low; and two a high protein diet. During the first week 
Or two they were placed on a vitamin B-free ration in order to in­
sure depletion of any stored vitamin B. One low protein, and one 
high protein animal received an additional vitamin B carrier in the 

*The Harris Laboratories, Tuckahoe, New York. 
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form of the Osborne-vVakeman fraction 22 • This was fed separate­
lyon glass castors, and invariably ,vas consumed immediately. 

It should be stated at this place that the plural nature of vita­
min B is fully realized. In this ,vork the term vitamin B means 
those water-soluble factors which with vitamins A and D are nec­
essary for the continued growth of the rat. One reason for the 
use of yeast in the present work is that it offers a source of all these 
,:vater soluble components. 

As stated previously, our first object was to determine wheth­
er or not the amount of protein in the ration bears any relation to 
t h e amount of vitamin B required to support growth. If the pro­
tein itself should contain any significant amount of the vitam ie, it 
is obvious that the results might be misleading. In order to test 
that point specifically a comparison was made of the survival I,e· 

riods of rats on yeast-free rations , which varied widely in protein 
content. The results are summarized in Table 1. Rations H21 
and 1056 were low in protein, Rations 897 and 1055 contained larg­
er amounts than are commonly used. 

Rat No. 

Males 
2386 
2388 
2389 
2390 

Females 
2591 
2592 
2589 
2590 

Females 
3358 
3360 
3361 
3362 

Males 
3907 
3920 
3917 
392 1 

, lCaselO 1~0 
'Casein SO 

I 
I 
I 
r 

i 

TABLE I.-SURVIVAL PERIOD OF RATS ON' YEAST-FREE RATIONS 

Weight 
Survival Period 

Ration No. r nitial gms. Final gms. days 

921 1 58 33 35 
921 71 41 35 
897' 66 40 27 
897 68 42 28 

921 51 35 33 
921 52 46 45 
897 50 40 33 
897 48 33 27 

1056' 33 25 37 
1056 36 23 41 
1055' 33 24 29 
1055 32 22 30 

1056 36 24 45 
1056 45 29 55 
1055 37 24 41 
1055 45 30 45 

In order to obtain the greatest possible extreme in the vita­
min content of the protein, the casein in one low protein ration, No. 
921 , "was purified by the method of Palmer and Kennedy20, after 
l~aching with acidified water, and the casein of the high protein 
dIet was extracted with acid water only. The latter ration would 
be expected to sustain life for a longer period of time if there were 
any difference in the vitamin B content of the two casein prepara-
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tions. Since it did not do so we assume that neither preparation 
contained any significant amount of the vitamin. The same re­
sult was obtained in the other series, when casein 80 was used in 
both the high and low protein diets. 

As a matter of fact the average survival periods of the rats 
receiving a generous allowance of protein were shorter than when 
the ration was slightly deficient in protein. This is in harmony 
with the conclusions of Drummond and coworkers4, but because 
of the variability and small number of animals, the significance of 
our observations is uncertain. 

In order to determine the activity of the Osborne-Wakeman 
fraction, a few rats received it as the sole source of vitamin B. The 
rate of gain is shown graphically in Fig. 1. Between 300 and 500 
milligrams are required per day to sustain satisfactory growth to 
adult size when no yeast is supplied. 

20 

~ 15 
.c:: 
.'9" 
Q) 

~ 10 

5 

Cae 

0 

0 

-~ Ow 
I-----r 

'Pi 
~?;d 
_X"'~-X-l(" 

"'X"'X 

ein 20% / 
_·.it:' 

27711? 

/" ..0. 

~ 
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o 5 10 !5 '20 .') v 25 

Week~ 
Fig. l.-After a weight of 100 g-rams was reached a yeast· 

Hee ration required a supplement of at least 300 mg. daily of 
the vitamin concentrate in order to sustain normal growth. 

Another qu.estion of some interest, especially when the reg­
ulated method of feeding was used, was the fuel value of th;e Os­
borne-Wakeman concentrate. This was disregarded in calculat­
ing the food intake, as its calorific value is unknown. We did, how­
ever, make the conventional feed analysis, by the methods of the 
Association of Official Agricultural Chemists23 , and computed its 
calorific value by use of the conventional factors. These values 
were then applied to some of the rats which were fed by the ad 
libit%m procedure, and which received the Osborne-vVakeman frac­
tion as a supplement. The data appear in Table 2. According to 
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this calculation the calorific value of the fraction would be between 
2 and 3% of the total intake. This could be ignored if the re­
sponse to the supplement were sufficiently marked, but if only 
small differences are observed it would be necessary to take it into 
account. 

Rat 
No. 

3722 
256 
276 
228 
232 

3608 

TABLE 2.-PROPORTION OF TOTAL CAL01<.IES SUPPLIED BY 250 Mo. DAILY OF THE 
VITAMIN SUPPLEMENT 

Total Osborne- Total [ntake Osborne-Wakeman Fraction 
Wakeman 

Percentage of Fraction 
gm •. gm •. calories calories total calories 

49 .00 189~ 7955 201 2.53 
S4.25 1841 7732 222 2.87 
50.75 1550 6510 203 3. 19 
47.25 1718 7216 194 2 .69 
45 . 50 1523 6397 187 2.92 
59.50 2538 10660 244 2 . 29 

Before leaving this topic one possible source of error should 
be mentioned, though it is not believed to have materially affected 
the results observed. It should be emphasized that use of the 
Steenbock technique does not remove the possibility of coprophagy 
on the part of the rat. Frequently animals on the best of the ra­
tions we used, and growing rapidly, have been observed seizing 
fecal matter during the act of defacation before it could fall through 
the screen. The screen-bottomed cage does not eliminate coproph­
agy entirely, but serves to reduce it to a minimum. 

Ad Libitum Feeding.-Passing on at this point to our proced­
ure proper, one rat in each series received a ration low in protein 
and in vitamin. A second rat received this ration and in addition 
the vitamin supplement. The third received a high protein diet, 
but low in vitamin B. The fourth animal received both the high 
protein diet, and the concentrate. If protein and vitamin can S~JP­
plement each other to any extent, it would be expected that the 
second and third animals would grow more rapidly than the first. 
The fourth should grow most rapidly of all. 

A number of difficulties were encountered during the investiga­
tion, most of which were due to the fact that 3 rats of each series 
were given a ration that was in some degree inadequate. In some 
series the percentages of casein in both the low and high protein 
rations were kept constant, and the yeast content of the rations 
,vas increased as soon as one of the low protein rats ceased to gro·w. 
In the other series, either yeast, or casein, or both were increased, 
as seemed advisable. The dietary deficiencies rendered the ani­
mals more susceptible to disease and some series were discarded 
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entirely for that reason. Furthermore, the behavior of the animals 
on the basal diet was not at all uniform. The ration might seem 
'well adjusted in one series, but would fail to sustain satisfactory 
growth in the next. This made it impossible to use the same ra­
tions in different series during the same periods so it will be un­
derstood that the average weights, and food intakes, are not taken 
from periods when the rations consumed were the same. Records 
of individual weights, and food intakes, are given in the Appendix. 
Averages 6f these records are included in Table 3, and in Figs. 2, 
3, and 4. The symbols used to designate the various groups are 
as follows: 
GROUP. 

LPLV 
LPHV 

HPLV 
HPHV 

Weeks 

0 
1 
2 
3 
4 
5 
() 

7 
8 
<) 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2, 
24 
25 

DESCRIPTION OF RATION 

Ration is low in protein and in vitamin B. 
Ration is low in protein, but was supplemented with the 
vitamin B concentrate. 
Ration is high in protein, and low in vitamin B. 
Ration is high in protein, and was supplemented ,'lith the 
vitamin B concentrate. 

TABLE 3 .-WEtr. HT A ND Foon I N T.\KE-FED ad lihi tum 

Weight, by weeks Food Intake, hy weeks 
-------------------------------

LPLV LPHV HPLV HPHV LPLV LPHV HPLV HPHV 
------------------------

38.6 36.7 :l7.9 36 . 4 
38.9 35.9 37.8 34 . 9 28.3 25.7 20.3 19.2 
44.4 44.8 45.8 51.9 32.6 32.0 27.7 33 . 4 
47.3 52.9 53.5 69.3 31.7 36 . 2 32.4 45 .6 
52.4 60.0 59.9 86.9 34 . 5 41.3 35.7 54.2 
56.6 67.1 67.8 107.3 34.3 42.6 35.7 57.8 
64.2 78.7 76.7 130.1 36.9 46 .0 38.7 65 . 5 
69.7 90.2 87.4 147 . 1 40.0 51.9 41.7 71.3 
76.5 101. 7 96.4 160 . 3 41.6 54.3 43.8 69.8 
84.8 111. 1 105.4 172.3 47.8 57.7 47.3 70.5 
89.7 119 . 1 116 .0 184 . 9 44.5 57.7 47.2 70 .0 
93.8 125.5 125.1 195.1 41.9 53.4 48.3 71. 3 

101. 7 134.8 136 . 7 204.9 47.3 59 . 1 54.0 73.4 
106.4 140.3 145.2 210.1 47.0 58.5 54.5 71.2 
113.0 146.3 151.4 215.7 50.5 57.6 51 . 3 67.6 
120.7 150.7 159.8 217.7 53.3 59 .0 59.6 68.4 
128.4 156.6 168.2 223.2 57.4 59.5 60.3 68 . 6 
138.1 162.7 175.2 224.5 57.6 60.2 58.7 64.2 
143.0 166.7 180.5 224.3 58.4 61.6 60.6 65.7 
149.0 168.3 186.4 226.3 59.2 59 .9 63.5 66.3 
155.2 174.3 193.5 227.5 55.7 57.9 62.0 64.0 
158.4 177 . 2 196.S 229.9 60.5 63.8 64 . 1 66 . 2 
162.7 180 . 5 201.6 230 . 9 53.8 54.8 56 .9 57 . 8 
167.9 178 .6 20S.1 234 . 8 60.1 61.4 65.8 64 . 2 
163.5 176.7 204.3 227 . 9 56.6 57 .5 60 .8 60.4 
165.8 177 . 9 208.9 226 . 8 59.4 59.9 66 .6 64 . 1 

As is to be expected the basal group, which received a ration 
low in both protein and vitamin B, grew slowly, as shown in Table 
a and in Fig. 2. If the amount of the vitamin supplement was in­
creased, or if the percentage of protein in the ration was increased, 
ill either case the rate of growth was accelerated. It is also shown 
that during the first half of the experimental periods these two 
groups grew at approximately the same rate. Following 
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this time, however, the rate of gain of the group that received 
the vitamin supplement decreased more or lessr.egularly, and at 
the end of the period the group receiving additional protein was 
considerably heavier. As would be predicted, the 4th group, which 
receiyed a liberal supply of both vitamin B and protein, made much 
more rapid initial gains than any of the others. It will also be 

!ig. 2.-If add.itional vitamin B was provided, or if the per· 
centg,ge of proteIn in the basal ration was increased the rate of 
growth was acce!erated. If these two changes were' made simul· 
taneously the animals grew still more rapidly. 

not.ed that the final weights of both groups on the high protein 
l~a tlOn, a.re on a higher level than those on the low protein diet. The 
fi nal '\'el~ht: of the two latter groups are apparently reduced by a 
lu,y protem mtake, regardless of the amount of vitamin B supplied. 
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There is naturally great variability in the growth rate of ani­
mals on deficient diets, so the significance of the additional gains 
attributed to single additions to the basal diet of either vitamin B 
(;r protein, might be regarded as doubtful. The rats were being 
dc-pleted of vitamin B during the first week, so the gains made then 
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Weeks 
Fig. 3.-The average weekly gains have been plotted in order to 

show that growth is accelerated consistently in the early stages, by add· 
ing either vitamin B or protein to th e basal diet. 

are not significant. If, following that period, the gains of the two 
groups which received these additions are compared with those of 
the basal group, it is seen that they are larger without exception 
for 12 successive weeks. The calculated frequency of this event, 
if determined by chance alone, would be once in 4096 trials. It 
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Fig. 4.-The groups receiving rations modified in one respect only 
are shown in the upper half. For the first 15 weeks these two groups 
grew at app"oximateiy the same ..ate, but the one On the high protein 
diet consumed considerahly less food. 

In the lower hal£ of the figure the two groups which received 
rations low in vitamin B are compared. The food intake did not vary 
widely, but the animals on the high protein diet grew much more, 
rapidly. 

TABLE 4.-INCR:EASING THE SUPPLY OF EITHER VITAMIN B OR PROTEIN ACCI!:I.ERATES 
THE GROWTH RATE 

LPHV Minus LPL V HPLV Min',s LPLV 

Difference of means P. E. of Difference of means P. E. of 
Weeks gms. difference gms. difference 

1 -1.2 1.1 -0.5 0.9 
2 3.5 1.5 2.6 1.1 
3 5.1 1.8 4.7 1.3 
4 2.1 1.0 1.4 1.0 
5 2.9 1.3 3.7 1.4 
6 3.7 1.8 1.0 1.9 
7 6.1 1.4 5.3 1.1 
8 4.7 1.4 2.1 1.3 
\I 1.2 1.7 0.8 1.9 

10 3.1 1.3 5.8 1.5 
11 2.3 1.1 4.9 1.4 
12 1.5 1.6 3.8 1.S 
13 0.8 1.1 3.8 1.7 
14 -0.7 0.8 -0.4 1.1 
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seemed useless to pursue the examination further, but the probable 
errors* of the differences up to the 14th week have been calculated, 
and these appear in Table 4. In no case is the ratio of the differ­
ence to its probable error large, and in some cases it is less than 
one. When all are considered together, however, there is little 
doubt that these ratios are significant. 

Not only the actual gains, but also the economy of food utiliza­
tion seems significant, so the grams of food per unit gain have been 
calculated, and appear in Table 5. This with additional details is 
shown graphically in Fig. 5. 

TABLE 5.-RELATION OF GAIN I N WEIGHT TO FOOD CONSUMED (GRAMS) 

Food consumed per gram gain per week Food consumed per gram gain cumulative -------- - -
Weeks LPLV LPHV HPLV HPHV LPLV LPHV HPLV HPHV ---- - ----

I 80.7 
2 6.0 3. 6 3.5 2.0 10.6 7.1 6.1 3.4 
3 10 . 8 4.5 4.2 2 .6 10.6 5.8 5.2 3.0 
4 6 . 8 5.8 6.4 3. 1 9 . 2 5 . 8 5 . 3 3.0 
5 8 . 1 6.0 5.4 2 . 8 9 . 0 5 . 8 5 . 1 3.0 
6 4 . 7 4.0 4.4 2.9 7.7 5 . 3 4.9 2.9 
7 7 . 3 4.5 3.9 4 . 2 7.6 5.2 4 . 7 3.1 
8 6 . 1 4.7 4.9 5 . 3 7.4 5. 1 4.7 3.4 
9 5.8 6 . 1 5.2 5.9 7. 1 5.2 4.8 3.6 

10 9.0 7.2 4.4 5.6 7. 3 5 .4 4 . 7 3 . 8 
11 10.2 8.3 5.3 7.0 7.5 5.6 4.8 4.0 
12 6.0 6.4 4.7 7 .5 7. 3 5.7 4 . 8 4 . 2 
I3 9 . 9 10.6 6.3 13.9 7 .5 5.9 4 .9 4.5 
14 7.7 9 . 7 8 .9 11. 9 7.5 6 . 2 5.1 4.7 
15 6 . 9 13.2 7. I 34.2 7.4 6.4 5.3 5.0 
16 7.4 10 . I 7 .0 12.5 7.4 6.6 5.4 5.2 
17 5.9 9 . S 8.4 48.2 7 . 3 6.S 5 .5 5.5 
I S 12.0 15.7 11.3 7.5 7.0 5.8 5.9 
19 9 .9 37 . 4 1O . S 34.2 7.6 7.4 6.0 6.2 
20 8.9 9.7 8.8 53 .3 7 . 7 7.5 6.1 6 .5 
21 15.9 22.9 20.5 472 .8 8.0 7.8 6.4 6 . 8 
22 12.5 16.6 12.0 57.8 8 .1 S.O 6 .5 7 . 1 
23 11.4 33 . 5 21.0 -698. I 8.3 8.3 6 . 8 7 .5 
24 18 .9 39 . 6 38 .5 -20.1 8.5 8 .6 7 . 1 7.9 
25 21.1 50.8 14. 5 -16.9 8 . S 9.0 7.3 8.4 

I t may be well to mention that near the close of the experimen­
tal periods the gains as calculated do not always equal the differ­
ences between the weights reported for the beginning and end of 
a week. This is due to th e fact that some series dropped out. The 
gains are calculated from the averages of those animals that sur­
vived. 

It will be observed during the early stages that as a rule the amount 
of food per unit gain varies inversely as the rate of gain. The 1st 
g roup, LPL V, grows most slowly of all and requires most food per 
unit gain. At this time the 3rd group, HPLV, is growing at prac­
tically the same rate as the 2nd, but its gains are more economical. 
The fourth group, HPHV, is growing much more rapidly than the 
others, and also much less food is required per unit gain. It will 
also be observed that after these animals have passed the point of 

"\Ve are ill(l ehted to :\11·. H. H. Frame f or helpful sll g ges tiolls concerning the 
stlltisticnl tren tmen t. 



18 MISSOURI AGRICULTURAL EXPERIMEN T STATIO N 

most rapid growth, in theith week, the gains become more 
costly. These animals continue up to the 12th week to grow more 
rapidly than those that do not receive the additional.vita~in B sup­
plement, HPL V, but they require more food per U~llt gam. . 

Possibly the most striking feature of !lgU1~e 5 IS ~he 
fact that Groups 1 and 3, LPL V and HPLV, whIch dId not receIve 
the vitamin supplements, consumed almost precisely the same 
amount of food for 10 weeks. In spite of that fact, however, the 
ration of higher protein content sustained a consistently higher 
growth rate, at a consistently lower cost. 
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Fig. 5.- This shows that a liberal intake of fo od is usually associated with 
economical gains. The two groups which recei yed inadequate amounts of 
'\~i !amin B are exceptions. They cOll sunled practically the same amount of 
i cod , but the group, HPL V , on the high protein diet grew more rapidly than 
the other. 

This difference seemed important enough to warrant reexam­
i;;ation of the possibility that the casein may have contained enough 
of some part of the vitamin B complex to explain the acceleration 
of growth when the protein component was increased. This would 
not be impossible if the factor present in casein was identical with 
the first limiting factor in ye::tst. Palmer and Kennedy24 offer evi­
dence that casein '\yhich has been purified only by washing with 
\\-ater contains some unidentified factor of vitamin-like nature which 
is essential for growth in the rat. This objection has been met by 
experiments conducted with the purified casein, prepared by their 
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method. Four of the series confined to rations containing this 
purified casein are shown graphically in Fig. 6. 

It should be mentioned first that the observations of Palmer 
and Kennedy were amply confirmed. Rats receiving casein puri­
fied as they described require much more yeast than our purpose 
would permit us to use. In order to avoid the use of excessive 
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Fig. 6.-Tf the casein is rigidly purified. large quantities of yeast are required 
to support growth. TIH! Interpretation of these data is the same as that given for 
Fig.!. 

amounts vanous expedients were employed, such as giving all the 
rats in a series equal amounts of some supplement. Tikitiki2G , 

Harris yeast fraction*, and an alcoholic extract of carrots were all 
tried. The last named preparation proved most suitable. 

It is seen that the results are in every respect identical ,vith 
those previously described for the ordinary casein. The basal diet 
was improved by adding the vitamin B supplement, for the animal 
receiving the supplement increased its weight at a greater rate 
than did· the animal on the basal ration. The approach to a limit-

*The Harris Laboratories. Tuckahoe. New York. 
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iug weight, which was practically the same for both rats on the low 
protein dietaries, was again noted, indicating that the improvement 
by the addition of vitamin B alone is limited in nature. The ad­
dition of protein again brought about the most lasting improve­
ment. The rats receiving the high protein ration grew at ? steady 
rate and finally passed in weight both the low protein animals. 
Thus with the unknown factor largely eliminated, it has aga;n been 
shown that the addition of either vitamin B or protein to the !)asal 
ration causes a definite improvement in the rate of gn)'.vth. 

Our original purpose was to determine whether there is any 
interrelation between the amounts of protein and vitamin H in the 
ration. On the one hand, does a liberal amount of vitamin B di­
minish the amount of protein required, on the other, does a liberal 
supply of protein diminish the amount of vitamin B required . If 
one considers merely the rate of gain on the various rations, both 
questions might be answered in the affirmative. The addition of 
tither to the basal diet had permitted n~ore rapid gliowth without 
a simultaneous increase of the other. A consideration of the food 
intakes, however, makes this answer doubtful, for when the amount 
of vitamin B was increased, there was also an increase in the amount 
of food consumed. In this case, the increased food intak~ is a 
much more probable explanation of the increased growth rate, 
rather than that less protein was required. When the pro­
tein content of the ration was increased, the animals grew 
more rapidly even though their allowance of the vitamin was nllt 
increased, and the food intake was practically the same as that of 
the basal group. A possible explanation is, the greater growth 
rate was due to a lessened requirement for vitamin B, hut other 
explanations are not excluded. 

The final conclusion then is, the addition of protein alone to 
the basal diet markedly improved the utilization of food. The ad­
dition of vitamin B alone gave an ambiguous result. No definite 
evidence was obtained that there is any interrelation between the 
physiological functions of protein and vitamin B. 

It should be borne in mind, however, that the percentage of 
c;].sein, even in the high protein diets, was not excessively high, and 
it is entirely possible that different results would have been obtain­
ed , had we used rations containing as much protein as those of 
Reader and Drummond5 6. 

Regulated Method of Feeding.-Another study was conducted 
simultaneously with the one just described, using practically the 
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same procedure, but with one important exception. All four ani­
mals in anyone series received. so far as is practicable, the same 
amount of food. The daily allowance of all four animals was reg­
ulated almost entirely by the rat that had consumed the least dur-

TABl.E 6.-'\VEIGHT AND FOOD INTAKE 07 MALES-FED BY RECUT.ATED METHOD (GRA.~!s) 

W eight, by weeks Food I nta ke, by weeks 

We eks LPLV LPHV HPLV HPHV LPLV LPHV HPLV HPHV 

0 37.5 37.3 37.3 36.8 
1 44.0 43.0 48.5 50.3 31.5 31.1 31.5 31.8 
2 55.0 53 . 5 67.5 69.8 37 . 4 36.7 37 .6 37 . 4 
3 63.5 64.5 81. 8 84.5 40.6 42 .0 40.9 40.9 
4 68.3 70.3 91.3 94.8 41.4 41.2 41.7 41.0 
5 73.3 76.0 lOZ.5 108.0 3Q.6 40.4 40.5 40.4 
6 79.5 83.5 IIZ.3 120.0 44.5 H.3 43.4 43.8 
7 81.5 86.0 118.5 124.0 39. Z 38.1 38. 2 38.8 
8 88.8 93.0 126 . 3 131.3 44.7 45.Z 43.8 43.9 
9 95.5 99.0 133.8 139.8 45.8 45.6 47.1 46.6 

10 97.0 103.5 135.3 144.5 45.2 44.9 47.6 45.7 
11 101.0 106.8 140.8 147.0 47.0 46.3 47.3 46.2 
12 103.8 1l0.5 148.0 154.0 50 . 1 50 .0 50 .0 50.0 
13 112.0 119.3 162.3 166.3 54.1 54.4 56.0 55.1 
14 117.0 124.5 166.8 175.3 53.0 53.5 52.6 52.8 
15 121.0 127.8 162.3 172 .3 49.4 47.1 H.l 47.3 
16 121.5 129.8 166.8 175.0 43.6 45.9 50.0 45.8 
17 123.8 132.3 165.8 177.5 46.7 46.5 44.1 46 . 2 
18 125.8 136.3 167.0 178.3 48 . 1 45 . 4 47.5 47 . 0 
19 133.0 143.5 173.0 184.8 48.6 49.9 49.0 49.6 
20 133.8 146.0 173.3 186.8 49.6 49.2 49.1 48.9 
21 137.5 151. 3 180.8 192.3 51.2 51.2 50 . 8 50.8 
22 141.5 155.0 188.0 194.5 54 . 0 54.2 54 . 3 54.5 
23 141.5 154.5 185 . 5 191. 5 49.6 48 . 3 48.3 48.8 
24 146.0 160.0 190.0 195.8 49 . 1 49 . 1 48.6 48.8 
25 149.0 166.0 197.0 202.8 53.9 55.2 55.0 55.1 
26 153.8 170.0 202.0 209.3 54.7 52.2 54.9 52.8 
27 159.3 182.3 206.0 218.7 54.3 54.6 54.7 54.9 
28 174.0 206.0 223.0 234.0 48.5 51.7 48.6 48.3 
29 177.0 205.0 229.0 235.0 51.0 48 .3 51.7 51.7 
30 180.0 211.0 230.0 232.0 54.7 58 .0 55.0 54.4 
31 188.0 211. 5 235.0 23R.0 54.6 51.9 H.6 54.9 
32 188.5 213.0 232 .0 238.0 58.3 58.9 58 .7 57.7 
33 195 .0 214.0 235 .0 237.0 64.8 64.4 64.3 64.6 
34 199.0 220.0 246.0 250.0 68.3 69 . 3 71.6 69.9 -

TABLE 7.-VlEIGHT AND FOOD IN'TAKE OF FEMALE~-F.ED BY RECULATED METHOD (GRAMS) 

Weight, by weeks FOr:Hj I ntake, by weeks 

Weeks LPLV LPHV HPLV HPHV LPLV LPHV HPLV HPHV 

0 39.7 41.0 39.7 37.7 
1 44.3 45.7 54.0 50.7 33.1 32.6 33.1 32 .0 
2 56.0 SO.O 74.0 70.0 42.2 42.3 42.4 43.3 
3 65.3 66.7 88.0 85.0 46.6 47.1 46.6 46.5 
4 74.3 76.3 . 102.0 102.0 50. I 50.0 49.9 50.2 
5 82.3 83.3 lIO . 3 110 . 7 47.4 47.8 46.9 47.2 
6 82.3 83.7 111.3 114.0 39.6 39.3 38 . 7 40.0 
7 84.0 87.3 115.7 117.7 39.4 39.4 38.3 39.9 
8 85.0 87.3 116.0 121.0 38.4 38.2 39.1 37.5 
9 88.0 94.0 123.0 127.3 39.3 41.1 39 . 7 41.0 

10 86.7 95.7 125.3 131. 7 41.0 44.9 44.4 45.0 
11 87.7 94.0 127.7 129.7 45.8 44.1 44.4 44.3 
12 91.0 96.7 128.3 132.7 44.0 41.9 42 . 3 42 . 4 
13 95.7 103.0 134.7 137.7 44.2 46.6 45.3 44 . 9 
14 97 . 3 106.3 132.3 137.3 45.1 44.4 44.9 46.3 
15 102 . 7 113.3 136.7 140 .0 45.2 46.8 46.9 45.0 
16 101.0 112.7 136.7 139 . 3 43.4 45.7 45.9 41.6 
17 103.7 117.7 135.3 140.0 51.9 50.3 48.2 49.4 
18 108.7 122.0 139.3 146.0 51.8 51.3 53.3 51.8 
19 119.3 132.0 147.3 156.0 57.4 59.7 58.7 58.8 
20 122.7 134.0 146.3 155.3 56.2 55.0 51.1 51.8 
21 124.0 130.3 148.3 156.7 53.4 54 . 1 56 . 3 53.4 
22 124.3 134.3 152.0 161.3 51.8 51.2 53.0 51.8 
23 127.3 137.3 151.0 160.7 50.0 49.5 49.7 50.5 
24 129.0 143.0 154.0 163.0 49.3 50.8 50.1 50.0 
25 127.0 142.3 154.0 160.7 48.4 48.8 48.3 47.2 
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i!1g the previous 24 hours. Needless to say, such a procedure in­
volves considerable technical difficulty, partly due to the very con­
siderable variation in the daily intake of anyone animal. Another 
difficulty is, one rat may set the pace for a time, and then another 
will unexpectedly reduce its intake far below the amount expected. 

Week5 
Fig. 7.-All anitnals of a series received the same amount of food. 

The addition of vitamin B alone accelerated the rate of growth slight· 
ly, but this may not be significant (see Table 8) . The addition of pro· 
tein alone induced a marked acceleration. 

In order to equalize the food intakes within a reasonable time, this 
often makes it necessary to restrict severely the allowances of the 
others. Some series had to be discarded because one member would 
never consume sufficient food to sustain consistent growth. Others 
were discarded because of the development of respiratory disease. 
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Another difficulty, occurring less frequently in the ad libitu.m. 
series, was in adjusting the percentages of protein and yeast in the 
rations low in both factors. It was desired to keep the level of 
each as low as possible, and still permit a slow but consistent rate 
of growth. It soon developed, however, that a ration may be quite 
satisfactory in one series, but in another will not be consumed in 
sufficient quantity to sustain growth at all. In spite of these dit­
ficulties, seven series 1n all were obtained that seemed 

.£; 
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o I, 
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Fig. il.-The upper half shows that when the animals received 
the same amount of food acceleration of the growth rate was not in · 
duced merely by increasing the allowance of vitamin B. 

The lower half shows that a more liberal provision of protein was 
f0110wed by a more rapid growth rate. 
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sufficiently satisfactory for our purpose. A summary of Ollr data 
is shown in Tables 6 and 7', and in Figs. 7. 8, and 9.The individual 
weights, and food intakes, are given in Table 16 'of the Appendix. 

Week~ 
Fig. 9.-Sec Fig. 8 for comments. 

As would be expected the group on the basal diet grew most 
slowly. It will also be observed that the animals which received 
an additional allowance of vitamin B, LPHV, gained somewhat 
more rapidly than the basal group. This increase i:l gain, how­
evcr, was slight until after 15 weeks had elapsed. A difference that 
is ciosely parallel to this is found in the two groups on the high 
protcin level. One of these, HPHV, also received an additi(mal <11-
lowance of vitamin B, and grew more rapidly, but we are not con­
vinced that the increased rate of growth in either case is significant. 

In order to examine this possible significanee more closely, we 
have added up the amount of supplement supplied, and compared 



RESEARCH BULLETIN 195 

it with the additional gains that mig'ht be ascribed to it. This cal­
culation appears in Table 8. The gain in each case is the differ­
ence in weight of two groups on the same level of protein and 
shows how much additional growth was due to the vitamin sup­
plemen t5. 

TABJ.E S.-COMPARISON OF GAINS DUE TO ADDITIOS"AL VITAMIN B SUPPLEMENT AND THE 
AMOUNT OF SUPPLEMENT SUPPLIED 

Males Females 

Gain Gain 

Supplement LPHV HPHV Supplement LPHV HPHV 
Weeks gms . gms. gms, gms . gms . gms. 

1 1.4 -0.8 2 . 3 0.4 0.0 -1.3 
2 2.8 -1.3 2.8 0.7 1.3 -2.0 
3 4.2 1.3 3.3 1.1 2.7 -1.0 
4 5.6 2.3 4.0 1.5 3.4 2.0 
5 7 . 2 3.0 6.0 2.2 2.4 2.3 
6 8 .9 4 . 3 8 . 3 2.9 2.7 4.7 
7 10 .9 4.8 6.0 3.6 4.7 4.0 
8 12 . 9 4.5 5.5 4.3 3 . 7 7.0 
9 14.8 3 . 8 6:5 5.0 7.4 6.3 

10 16.8 6 . 8 9.8 5 .7 lOA 8.3 
11 18.8 6.0 6.8 6.5 7 . 7 4.0 
12 20.9 7. 0 6 . 5 7.3 7.0 6.3 
13 23.0 7 . 5 4.5 8.4 8.7 5.0 
14 25.3 7. 8 9 .0 9 .9 10.3 7.0 
IS 27 . 7 7.0 10.5 11.4 12.0 5 .4 
16 30.0 8 . 5 8. 8 13.0 13.0 4 .7 
17 32.3 8 . 8 12.3 14.7 15.3 6.7 
18 34.7 10 . 8 11.8 16.3 14.7 8 . 7 
19 37 . 0 10 . 8 12.3 17 .9 14.0 10.7 
20 39.3 12 . 5 14 .0 19.6 12.7 11.0 
21 41.7 14 .0 12.0 21.2 7.7 10.3 
22 14.0 13 . 8 7. 0 22 . 8 11. 3 11. 3 
23 46 . 3 13.3 6.5 24.5 11.3 11. 7 
24 48. 7 14.3 6.3 26.1 15.3 11.0 
25 51. 0 17.3 6.3 27.7 16.7 8.7 

It is obvious that if the supplement itself has any considerable 
nutritional value, the amount supplied the males could easily ac­
count for all of the additional gain. The interpretation of differ­
ences between the females is not quite so obvious, for the additional 
i"ncrease in weight is often more than the weight of the supplement 
consumed. Part of the difficulty is due to uncertainty as to the 
nature of the gains. If these consisted largely of fat, they could 
not be explained by the calorific value of the supplement. If, how­
ever, the gain consisted largely of protein, the nutritional value of 
the supplement might be a sufficient explanation, for every gram 
of protein is accompanied by approximately 3 grams of water. 

An effort was made to obtain some measure of the nutritional 
Vjalue of the fraction by incorporating a large quantity in a rat,ion and 
feeding it directly.* As finally formulated this ration consisted of 
casein 12, Osborne-Wakeman Fraction 80, cod liver oil 2, salts 4, 
agar 2. Five rats were given this diet but all suffered from violent 
diarrhea, thus making it impossible to tell much about the mnn-

*These feeding trials were carried out by Dr. L. R. Richardson. 
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tional properties of the fraction. The most important observati,)l1s 
on this point are shown in Table 9. 

TABLE 9 .- NuTR ITJONAL PROPERTIES OF THE OSBORNE~WAKEMAN FRACTION 

Rat No. 
Weight Survival Period 

Initial gms. Final gms. dars --
8235f 31 23 10 
8236m 29 28 11 
8232m 32 29 5 
8238m 32 30 5 
8237f 34 33 5 

It was not feasible to measure the amount of food consumed 
as it is exceedingly hygroscopic, and considerable quantities adher­
ed to the animals themselves. It seems, however, that the fraction 
must have supplied a considerable quantity of metabolizable energy, 
for except in one case the losses in weight were slight, in spite of 
the severe intestinal disturbance. For the present, then, it is con­
cluded that under the conditions we observed, rats which receive 
the same calorific intake will grow at aproximately the same rate 
regardless of the amount of vitamin B consumed. 

If it is assumed for the time that the difference is not signifi­
cant, then this is in sharp contrast to the observations when the 
rats were fed a.d libitum. It is our view that our data do not sup-

TABLE 10 -RELATION OF GAIN IN WEIGHT TO FOOD CONSUMED rvrALES 

Food consumed* per gram gain per week Food consumed* per gram gain cumulative 

I -----
\\ieeks LPLV LPHV HPLV HPHV LPLV LPHV HPLV HPHV 

1 4.8 5.4 2.8 2.4 4.8 5 . of 2 .8 2.4 
2 3A 3.5 2.0 1.9 3.9 4 . 2 2.3 2.1 
3 4.8 3.8 2.9 2.8 4 . 2 4.0 2.5 2.3 
of 8 . 7 7 . 2 4A 4 .0 4 . 9 4.6 2.8 2.6 
5 7.9 7.0 3.6 3.1 5.3 4.9 3.0 2.7 
6 7.1 5.9 4.5 3.7 5 . 6 5.1 3.1 2. 8' 
7 19.6 15.2 6.1 9 . 7 6 . 2 5 . 6 3.4 3. 1 
8 6.2 6.5 5 . 7 6 . 1 6.2 5.7 3.6 3.4 
9 6 . 8 7 . 6 6.3 5.5 6.3 5.9 3.8 3.5 

10 30 . 1 10.0 31.8 9.6 6.9 6.2 4.2 3.8 
11 11.8 14 . 3 8.6 18 .5 7.2 6.6 4.4 4.1 
12 18.2 13.3 6.9 7.1 7.7 6.9 4.6 4.3 
13 6.6 6.2 3.9 4.5 7.5 6.8 4.5 4.3 
14 10 .6 10.2 I!. 7 5.9 7.7 7.0 4 .8 4A 
15 l2A 14 . 5 7.9 7.3 5.3 4.9 
16 87 . 1 22.9 11.1 16 .6 8.4 7.6 5 . 5 5.1 
17 20 . 8 18 . 6 18 . 5 B.7 7.9 5.9 5.4 
18 U.1 11.3 38.0 62.7 9.1 8.1 6.2 5.7 
19 6 . 7 6 . 9 8.2 7.6 B.9 8 . 0 6.3 5.7 
20 66 . 1 19.7 196.2 24.5 9.4 8.3 6.6 6.0 
21 13.7 9.7 6 . 8 9.2 9.5 8 . 3 6.6 6 . 1 
O? 13.5 14.5 7 .5 24 . 2 9.7 8.5 6.7 6.4 23 10.1 9.0 7. 1 6.B 
24 10 . 9 8.9 10.8 11.5 10.2 9.0 7.2 6.9 
25 IB.O 9.2 7.9 7.9 10.4 9 . 0 . 7.3 7.0 
26 ll.5 13.1 11.0 B.1 10.4 9.1 7.4 7.0 
27 12.6 8 . 6 6.8 10.3 10 .5 9.1 7.3 7.1 
28 ofB.5 SA 10 .8 8.B 7.7 7.4 
29 17 .0 8.6 51.7 11.0 9 . 2 7.7 7 .8 
30 18.9 9.7 55 .0 11.1 9.3 8.1 8.2 
31 6 . 8 103.8 10.9 9.2 10.9 9.6 8.2 8.2 
32 116.7 39.3 11.3 9.8 8 .5 8.6 
33 10.0 M.of 21.4 11. 2 10.2 8.9 9 .0 
34 17. 1 11.6 6.5 5.4 11A 10.2 8.7 8.7 

*In grams. 
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TABLE ll.-RELATION OF GAIN IN WEIGHT TO FOOD CONSUMED FEMALES 

Food consumed. per gram gain per week Food consumed· per gram gai n, eu mulative - -Weeks LPLV LPHV HPLV HPHV LPLV LPHV HPLV HPHV -
I 7.1 7.0 2.3 2 .5 7. 1 7.0 2.3 2.5 
2 3.6 4.1 2.1 2.2 4 .6 5.0 2.2 2.3 
3 5.0 4.4 3. 3 3.1 4 .8 4 . 8 2 .5 2.6 
4 5 .6 5.2 3.6 3 .0 5.0 4.9 2 .8 2 . 7 
5 5.9 6 . 8 5 .6 5 .4 5.1 5 . 2 3.1 3.0 
6 119 .0 3R . 7 12.0 . Ii . I 6.1 3.6 304 
7 2.4 10 . 7 8.8 10 .9 6 . 7 6.4 3 .9 3.7 
8 38.4 118 . 3 11.2 7 .4 7.3 404 4 .0 
9 13 . 1 15.2 5 . 7 6.5 7.8 7 . 1 4.5 4.2 

10 26 . 9 19 . 0 lOA 8 .9 7. 7 4.9 4.5 
II 45.8 19.1 9.6 8 . 8 5.3 5.1 
12 13.2 15.7 63.1 14 . 1 9.9 9.1 5.8 .S A 
13 9 .5 704 7.2 9.0 9.8 9.0 5.8 5 .5 
J.! 27.0 13 .3 10.3 9.2 6.4 6.0 
IS 8.5 6 . 7 10.8 16.9 10.2 8.9 6 .6 6 . 3 
16 11.2 9.7 7.1 6.8 
17 19.5 10 . 1 73 . 8 1I .5 9.7 7.7 7.2 
18 10.4 11 . 8 13.3 8 . 6 11.4 9.8 7. 9 7. 3 
19 5.4 6.0 7.3 5.9 10 .6 9 .4 7.9 7.2 
20 16.9 27.5 10 .9 9.8 8.4 7 . 7 
21 39.9 28.1 39.9 11. 3 10.8 8.8 8 .0 
22 156.9 12.8 14.4 11. 1 11.9 10.9 9.0 8 . 1 
23 16.7 16 .5 12.1 11.0 9 . 5 8.6 
24 29.5 9.0 16.7 21. 4 12.4 10.9 9 . 7 8.8 
25 13.2 11.5 10.1 9 . 4 

*111 grams. 

port the conclusion that, if animals consume the same amount of 
energy, those receiving a liberal allowance of vitamin B will grow 
more rapidly than those that receive a limited allowance. 

It was noted in the ad libif1~m studies that if two groups of rats; 
receive the same amount of energy, those receiving a liberal allow­
ance of protein grow considerably more rapidly than those whose 
allowance is limited, and that observation was confirmed when 
the regulated method of feeding was followed. This was empha­
sized in Figs. 8 and 9, in which the weekly gains only are plotted. A 
mor,e quantitative expression of this difference is found in Tables 
10 and 11, and Figs. 10 and 11, in which the food consumed per 
unit gain has been calculated. The interpretation of the tables is 
probably obvious, but some explanation may be needed. The calcula­
tions on the left-hand side of the tables use the data of each individ­
ual week separately. On the right-hand side of the page the cal­
culations use the total food intake, and the total gain, from the be­
ginning up to the week indicated. 

As would be expected from the discussion of Table 8, these 
data are not interpreted as showing a more economical utilization 
of food by the animals which received the more liberal supply of 
vitamin B. The data do show very clearly, however, that the ani­
mals which received an ample supply of protein required very much 
less food per unit gain than did those on the lower protein levels. 
In order to determine whether this difference might be due to dif­
ferent degrees of absorption from the intestinal tract, single diges-
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tion trials* were run, one on Ration 1009 low in protein, and one on 
Ration 1072 high in protein. The apparent digestibility of the dry 
matter of Ratio 1009 was 92.0%, and of Ration 1072 was 92.6%. 
Using another pair of rats, the energy values of the mixed excreta 
were determined. The rat on the low protein diet excreted 9.3S;" 
of the energy consumed, the one on the high protein diet ex-
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Fig. 10.-Although the animals rece;ved practicaIIy the same amount of 
food in the same time intervals, the gains were slightly larger when the al· 
lowance of vitamin B' was increased. There is some doubt as to the signifi· 
cance of this difference (see Table 6). When the percentage of protein was 
increased the rate of gain was markedly accelerated. 

ere ted 8.8%. The differences in rate of gain were not due to dif­
ferences in digestibility of the rations. In order to establisn with 
more certainty the fact that the additional protein had accelerated 
the growth rate, we have calculated the differences oetween the 
mean weights of the groups on the low and on the high protein 
rations. The number of rats in anyone group was tOI) sn:all fvr 
satisfactory statistical treatment, so all animals of the same sex 
which received the same amount of protein were combined <"eg:trd-

*\Ve are indebted to E. \V. Cowan for the chemical analyses, and to U . S. Ashworth 
for the determinations of the heats of combustion of food and excreta. 



RESEARCH BULLETIN 195 29 

less of the vitamin B intake. This gives 8 males and 6 females on 
each level of protein. Separate calculations were made for each 
sex. It will be observed that the males on the high protein ration 
made the greater gain for 14 successive weeks, and the females 
made this greater gain for 11 successive weeks. The calculated 
frequency of such events, if determined by chance alone, would be 
once in 16,384 trials for the males, and once in 2,048 trials for the 
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females. As an additional precaution, however, we have calculated 
the probable errors of the differences in the rate of gain. For the 
first 7 weeks the ratios of the differences in gains of the males, to 
the probable errors, carry a reasonable degree of significance. Fol­
lowing that time they are of no significance. The ratios of the 
differences in gains of the females to the probable errors are with­
out significance after the fourth week. These data are reproduced 
in Table 12. 
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TABLE 17 -INCREA.SING THE SUPPLY OF PROTEIN ACCELERATES THE GROWTH RATE -. 

Weeks I 
HP Minus LP Males HP Minus LP Females 

Difference of means P. E. of Difference o f means P. F.. of 
gms. difference gms. differen('~ 

-
1 6.3 1.1 9.0 1.2 
2 8.5 1.3 8.7 1.2 
3 4.8 1.2 4.5 1.4 
4 4.6 1.9 6.2 2.2 
.I 6 .9 2.4 1.0 1.2 
6 4.0 2.1 2.1 1.6 
7 2.9 1.0 1.3 1.3 
8 0.4 0.9 1.3 3.6 
9 1.6 1.4 1. 8 3.2 

10 0.1 2.7 3.2 2.9 
11 0.4 2.4 0.5 1.8 
12 3.9 2.7 -1.2 I 2.6 
13 4.8 1.8 0.2 3.8 
14 1.6 1.7 -3.8 I 1.7 
15 7.+ i 1.7 -2.7 2.6 

If an increase in the supply of protein accelerated the rate of 
growth this might seem to disagree with the observation of Hart­
well, and of Reader and Drummond that a considerable increase in 
the supply of protein retarded the rate of growth . However, the 
amounts of protein even in our high protein diets were not extreme, 
and \ve do not believe there is necessarily any discrepancy. Our 
observations are in harmony with those of Mitchell and collab­
orators 26 • They reported that on a 10w level of nitrogen intake, 
the gro'wth rate of rats was accelerated by improving the biological 
value of the amino acid mixture, even though the calorific intake 
was the same. 

It should be mentioned that the energy values of the rations, 
and their constituents, as given in Table 14 of the Appendix, were 
not calculated from their heats of combustion, because the gross 
energy of protein is considerably higher than its metabolizable 
energy. For that reason the intake of calories was calculated from 
the factors given by Rubner27. These are 4.1 calories per gram of 
protein or carbohydrate and 9.3 calories per gram of fat. The 
validity of our calculations obviously depends then largely on the 
applicability of these factors, especially for protein. Rubner's value 
of 4.1 calories per gram of protein was based on studies in which 
meat was largely used as a source of that constituent and man 
was the experimental subject. We actually used casein, which has 
a slightly higher heat of combustion, but we are unable to say 
whether or not the factor 4.1 calories per gram is too low. Such 
calculations as we are able to make with the data now available 
indicate that the animals on the high protein diets may possibly 
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have received approximately 1.~/5j'6 more energy than we sup­
posed. 'vVe believe it is impossible for any such degree of variabil­
ity to account for the difference in gains. 

Another element of uncertainty deserves some mention and 
that is the variable degree of activity of the animals. It was shown 
by Hitchcock~:l that this may be markedly influenced by the amount 
of protein in the ration, which is the constituent we were most con­
cerned with . So far as we are aware, however, an exact determina­
tion of the amounts of energy expended in activity by animals on 
different protein levels has never been made. Although we have 
not attempted to estimate these amounts their possible significance 
should not be forgotten, as was emphasized by Mitchell10b• The 
basal metabolism of our animals, reported elsewhere29, was appar­
ently the same, regardless of the amount of protein consumed. 

DISCUSSION 

It remains, then, to attempt the application of these observa­
tions to our original question. For emphasis it is stated in two 
forms. (1) Does the amount of vitamin B that is necessary for a 
certain rate of growth vary with the quantity of protein in the diet. 
and (2) conversely, does the amount of protein that is necessary 
for a certain rate of growth vary with the amount of vitamin 13 
that is· supplied. It is our view that these questions can be an­
swered in the negative. 

When the regulated method of feeding was used, it was ob­
served that the high protein groups grew more rapidly than those 
on the low protein rations, and that in neither case did the addi­
tion of vitamin B supplements have any significant effect on the 
growth rate. This is interpreted as evidence that the amount of 
vitamin B supplied determines how much food can be consumed, 
but has no effect on the rate of growth that quantity of food will 
sustain. Furthermore, the effect of increasing the protein content 
of the diet is specific, and does not vary with the amount of vitamin 
B supplied. 

·When the ad libitum method of feeding was used one set of 
observations was in harmony with those just described in the pre­
ceding paragraph. It was again observed that the high protein 
groups grew more rapidly than those on the low protein rations, 

. whether the amount of vitamin B supplied was high or low. This 
more rapid growth could be explained in at least two ways. First, 
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it may be assumed that the animals grew faster ·when they i"eceived 
more protein because they required less vitamin B. A second ex­
planation is, the vitamin B requirement is unchanged and the ac­
celeration of growth was due solely to the more liberal allowance 
of protein. Another set of observations, however, failed to yield 
the same result as the regulated method, fnr v'lhen the ad' libitum 
method was used the growth rate was accelerated by fortifying 
either the low or high protein ration with an additional allowance 
of vitamin B. The more rapid growth in this case also could be 
explained in either of two ways. First, it may be that when the 
amount of vitamin B is increased, less protein is required. Second, 
and with greater probability, when the amount of vitamin B is in­
creased the food intake is increased also. 

Our final conclusion is, the evidence does not support the con­
tention that the amount of vitamin B necessary for ·a certain rate 
of growth varies with the quantity of protein in the diet. Stated 
conversely, the amount of protein necessary for a certain rate of 
growth does not vary with the amount of vitamin B that is supplied. 

A closely related question was stated as part of our original 
purpose: If a ration is deficient in both protein and vitamin B, is 
it made more adequate for growth by increasing the amount sin­
gly of either constituent. It is our view that either increase does 
make the ration more adequate. So far as protein is concerned, 
our data would seem to leave no room for doubt. When tested 
by either method, the high protein diet suppiorted more rapid 
growth than did the low protein diet. 

As to the effect of augmenting the supply of vitamin B, it may 
be possible to take two opposing positions. The regula ted method, 
of feeding did not yield convincing evidence that an increase of this 
constituent made the low vitamin ration more adequate. The ad­
libitum method, however, indicates that both the low and high 
protein rations were made more adequate by supplying more vita­
min B, and it seems that experience would make it necessary to 
adopt this viewpoint, regardless of the outcome with any particular 
technique. It seems to us that the increased food intake, due to a 
liberal supply of vitamin B, is as significant as the difference in 
lwdy weight. 
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APPENDIX 

TABLE 13.-COMf'OSITION OF RATION CONS1ITUENTS 

Ether Carbo- Crude 
Material Water Ash Protein Soluble hydrate Fiber Calories 

per cent per cent per cent per cent per cent per cent per gram 

Starch __ ._. ___ .. 11.08 0.02 88.90 3.645 
Cellulose._. _____ 4.96 0.47 

88~i7 Tiii 3~7iii Casein 80 _______ 5.63 2.58 
Casein 180 ____ ._ 7.44 1.90 88.30 0.82 

29~ 25 3 .696 
Dried YeaaL . ___ 6.36 11. 73 50.25 1. 39 1.02 3.389 
O.borne-Wake-

man Fraction~_ 5.65 2.11 55 . 94 0.19 36.11 3.782 
Cod Liver Oil . __ . 0.40 9.300 
Lard ___ ._ ... . .. 0.50 9.300 
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Ration No. 

897 
921 
957 
958 
959 
960 
961 
962 
968 
969 

1009 
1010 
1019 
1020 
1035 
1036 
1037 
1038 
1040 
1041 
1042 
1045 
1046 
1048 
1049 
1050 
1051 
1052 
1053 
lOS! 
1055 
1056 
1058 
1065 
1066 
1067 
1068 
1070 
1071 
1072 
1075 
1076 
1081 
1083 
108! 
108, 
1090 
1091 
1092 
1093 
109,1, 
1120 
1121 
1122 
1134 
1135 
1145 
1146 
1147 
1153 
1162 
1163 
1164 
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TABLE 14.-COMPOSITION OF RATIONS 

(Only the variahle components are listed here) 

Casein Yeast Protein Starch 
% % % % 

35.0 0.0 30.86 55.5 
10.5 0.0 9.26 80.0 
7.0 7 . 0 9.69 76.5 

31.0 7.0 30.85 52.5 
7.5 6.0 9.63 64.5 

31.5 6.0 30.79 40.0 
7.0 7.0 9.69 64.0 

31.0 7.0 30.85 40.0 
3.0 9.0 7.17 66.0 

30.0 9.0 31.00 39.0 
6.0 8.0 9.31 64.0 

32.0 8.0 32 .23 38.0 
6 .0 9.0 9.81 63.0 

32.0 9.0 32.74 37. () 
9.0 7.0 llA5 62.0 
8.0 9.0 11.57 61.0 
8.0 0.0 7.05 70.0 

32.0 0.0 28.21 46.0 
12.0 8.0 14.60 58.0 
8.0 2.0 8.06 68.0 

32.0 2.0 29.22 44.0 
8.0 10 . 0 12.08 60.0 

32.0 10.0 33.24 36.0 
7.0 12.0 12.20 59.0 

31.0 12.0 23.36 35.0 
12.0 2.0 11.59 64.0 
14.0 2.0 13.35 62.0 
16.0 2.0 15.11 60.0 
12.0 4.0 12.59 62.0 
32.0 4.0 30.22 42.0 
24.0 0.0 21.15 54.0 
12.0 0.0 10.58 66.0 
24.0 2.0 22.16 52.0 
8.0 4.0 9.06 66.0 

14.0 4.0 23.25 50.0 
8.0 10.0 12.04 60.0 

32.0 10.0 33.23 36.0 
8.0 6.0 10.07 64.0 

14.0 6.0 24.17 48.0 
24.0 8.0 25.18 46.0 
8.0 8.0 11. 07 62.0 

24.0 8.0 25.17 46.0 
10.0 8 .0 12.84 60.0 
12.0 2.0 11.59 64.0 
10.0 2.0 9.82 66.0 
10.0 4.0 10.82 64.0 
24.0 3.0 22.66 51.0 
12.0 3.0 12.09 63.0 
8.0 7.0 10.57 63.0 

24.0 7.0 24.67 47.0 
8.0 8.0 11.07 62.0 

14.0 0.0 12 .34 64.0 
14.0 2.0 13 .35 62.0 
14.0 3.0 13 .85 61.0 
12.0 5.0 13.09 61.0 
24.0 5.0 23.66 49.0 
14.0 4.0 14 .35 60.0 
12.0 6.0 13.60 60.0 
24.0 6.0 24.17 48.0 
14.0 5.0 14.85 59.0 
12.0 8.0 14.62 58.0 
24.0 8.0 25.21 46.0 
14 .0 8.0 16.38 56.0 

Calories 
% 

3.55 
3.54 
3.52 
3.53 
4.23 
4.24 
4.22 
4 . 24 
4.22 
4.23 
4 . 22 
4.24 
4.22 
4.24 
4.23 
4 .22 
4 .24 
4.26 
4.23 
4.24 
4,.25 
4.22 
4.23 
4.21 
4.23 
4.24 
4.2-1 
4.2-1 
4.U 
4.25 
4.25 
4.25 
4.25 
4.23 
4.24 
4.22 
4.23 
4.23 
4.24 
4 . 23 
4.22 
4.23 
4.22 
4 . 24 
4.14 
4 . 23 
4.25 
4 . 24 
4.23 
4.24 
4 . 22 
4.25 
4.24 
4 . 24 
4.23 
4.24 
4.24 
4.23 
4.24 
4.23 
4.23 
4.23 
4.23 

Tn addition to the constituents listed above, the following were present in all rations, with 2 exceptior.a. 

Lard 
% 

12.5 

Cod liver oil 
% 

2.5 

Salt mixture 
% 
4 

The exceptions mentioned above are Rations 957 and 958, which contained no lard. 

Cellulose 
% 

3 
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TABLE 15.-\VEJGHTS OF INDIVIDUAL RATS, AND OF THE AMOUNTS of FOOD CONSUMED (IN 

GRAMS); Ad Libitum FEEDING 

Weights 

Rat 2911 Rat 2912 Rat 2913 Rat 2915 
\Veeks M Food M Food M Food M Food 

Ration 961 
50 mg. F,* 50 mg. F, 

Ration 962 
0 52 50 50 50 
1 65 54.88 64 55.12 52 24.40 64 36.46 
2 80 61.55 79 58.63 70 37.92 82 38.80 
3 83 57.02 79 43 . 74 79 44.06 95 42.59 
4 92 59.52 83 46.65 91 45.72 105 41.54 
5 92 51. 99 87 46.26 94 39 .87 l!4 51.40 

6 97 
100 mg. F, 100 mg. F. 

44.78 84 31.68 106 44.11 136 50 . 25 
7 92 34.82 84 34.32 110 40.92 143 46.82 

Ration 1035 
250 mg. F, 250 mg. F. 

8 110 63.79 105 58.91 117 43.89 156 5S.59 
9 11 8 61.86 114 57.94 102 29.95 168 72.04 

10 120 55.39 116 54.47 102 26.09 182 74.27 
11 114 54.39 113 49.74 104 39.99 185 65.44 

Ration 1045 Ration 1046 
12 135 80.94 140 82.15 134 62.61 203 87.12 
13 154 83.67 145 72.43 160 72.31 204 68.10 
14 158 74.59 154 63.57 162 59.41 206 67.77 
15 172 88.91 166 73.32 162 52.55 209 64.37 
16 176 88.90 168 61.88 168 48.92 215 66.55 
17 181 72.86 174 72.25 168 47.27 208 50.20 
18 186 73.43 182 73.04 170 54.40 202 48.13 
19 176 61. 21 170 58.75 184 67.43 200 47.20 
20 166 47.02 172 51. 30 190 57.53 196 49.39 

Weights 

Rat Rat Rat Rat Rat Rat 
Weeks 3050 Food 3052 Food 3049 Food 3054 Food 3056 Food 30.,5 Food 

M M M M M M 

Ration 1037 Ration 1038 
0 47 47 49 50 47 49 
1 46 32.76 46 33.59 47 33.25 55 26.61 49 25.80 52 26.99 

46 26 .03 48 24.48 45 24.78 64 28.14 58 28.07 50 33.17 
50 mg. F, 50 mg. F, 

Ration 1041 Ration 1042 
3 52 40.43 57 42.63 56 41. 53 85 56.00 73 41. 71 83 50 .50 
4 52 35.45 57 38 . 20 61 48.17 101 62 . 05 82 48.36 100 58.58 
5 52 28.23 58 29.81 64 36.87 112 49.65 88 37.93 112 49.44 

Ration 1050 
250 "'g. F, 250 mg. Eo 

Ii 59 30.57 72 43.59 85 52.99 123 55.68 98 40.26 138 62.70 
Ration 1051 

59 24.14 76 35.24 104 63.30 134 62.14 101 35.67 159 69.26 
Ration 1052 

59 26.52 79 34.23 122 56.57 134 54.34 106 35.40 176 60.08 
Ration 1053 Ration 1054 

9 82 54.24 105 63.73 140 71.00 158 71.19 120 47.04 192 68.91 
10 88 44.08 119 59.80 145 52.80 170 62.77 136 53.14 200 59.76 
11 94 48.47 123 59.29 149 56.21 180 61. 81 143 43.72 206 59.48 
12 96 37.03 130 55.67 163 70.96 195 66.31 155 53.75 220 65.88 
13 98 40.60 132 45.45 167 55.10 192 50.57 168 57.46 226 70.84 
14 109 51.84 152 .73.20 ISO 83.31 204 80 .52 170 61.58 238 82.19 
15 122 50.79 176 79.96 202 82.12 217 76.50 187 68.56 254 75.98 
16 126 50.61 180 80.22 212 89.53 225 75.86 198 72.57 258 72.67 
17 130 55 . 26 184 76 .96 208 69.53 222 67.46 208 70.45 268 82.65 
18 138 58.65 192 81.62 20R 79.12 224 84.04 209 73.54 264 83.32 
19 166 83.41 204 79.49 204 67.37 227 76.76 226 83.80 264 77.97 
20 187 82.25 222 77.84 220 77.05 240 70.35 242 78.40 270 71. 77 
21 185 71.79 224 83.46 221 73 .13 234 66.57 243 80.03 274 78.13 
22 196 75.02 224 71.43 214 56.09 234 64.36 252 77.94 278 75.19 
23 195 63.16 230 78.57 216 77.00 232 66.43 248 79.62 278 70.90 

*The Osborne·Wakeman fraction is designated as F". 
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TABU; IS.-WEIGHTS OF INDIVIDUAL RATS, ·AND OJ! THE AMOUNTS OF FOOD CONSUMED (IN 

GRAMS); Ad Libit"", FEEDING (Continued ) 

Weights 

Rat 3341 Rat 3339 Rat 3342 Ra: 3343 
'\leeks M Food M Food M Food M Food 

Ration 1037 Ration 1055 
0 40 38 40 40 
1 35 25.06 35 25.61 37 14.51 34 18.32 

250 mg. F, 250 "'g. F, 
Ration 1041 Ration 1058 

38 31.47 40 29.53 45 26.62 55 41.03 
35 22.25 38 22 . 97 48 30.88 58 39.48 

Ration 1065 Ration 1066 
4 39 27.09 47 33.05 50 24.80 68 38.26 
5 29 16.61 52 48.60 50 37.21 65 42.17 

Ration 1070 Ration 1071 
6 42 37.63 66 59.85 84 59.95 108 67.07 
7 47 35.04 74 54.21 !O5 67.37 117 61. 26 
8 52 36.72 78 50.99 122 77.14 126 53.69 
9 59 48.39 92 61.95 135 83.43 134 62.M 

10 64 46.64 105 82.51 152 81. 61 157 74.09 
11 65 40.13 104 50.40 172 77.00 168 57.67 

Ration 1075 Ration 1076 
12 65 42.26 107 59.05 185 83.91 182 66.27 

Ration 1081 
13 79 51.34 121 67.10 194 83.26 182 80.50 
14 90 60.68 130 61.60 195 84.28 178 63.26 
15 99 57.78 130 57.85 214 86 . 75 184 63.82 
16 100 64.45 140 72.45 216 83.08 178 69 .62 
17 116 60.46 150 71.28 220 78.67 186 66 .57 
18 116 66.54 150 57 . 28 220 78.63 192 68.62 
19 115 64.75 148 68.95 218 76.81 200 81.69 
20 120 66.33 150 67.21 220 81.99 203 88.49 
21 121 71.05 150 89 . 05 223 89.46 205 88.01 
22 125 62.61 159 86.01 232 86.52 213 82.72 
0" _0 139 81.26 169 75.38 236 87.69 220 83.58 
24 142 65.12 164 62.25 237 79.96 221 88.16 
25 136 62.24 164 71.97 234 82.81 220 74.87 

Weights 

Rat 3357 Rat 3356 Rat 3359 Rat 3363 
Weeks !vI Food !vI Food M Food M Food 

Ration 1037 Ration 1055 
0 40 38 38 37 
1 40 24.41 38 23.10 40 20.41 38 21.22 

250 mg. F, 250 mg. F, 
Ration 1041 Ration 1058 

2 48 36.33 38 23.17 50 31. 71 44 24.24 
3 47 28.12 43 23.38 56 27.83 60 37.08 

Ration 1065 Ration 1066 
4 57 41.08 52 48.03 65 38.96 80 57.03 
5 74 59.25 60 43.09 88 51.30 130 81.09 
6 74 42.03 66 40.51 99 56.76 148 84.54 
7 78 53.71 75 42.QO 112 52.71 157 80.37 
8 85 66.48 86 65.3: 119 62.59 170 96.49 
9 96 81.17 93 52 . 82 136 61.82 188 85 . 36 

10 98 42.88 94 52.05 140 46.76 204 72.69 
Ration 1070 Ration 1071 

11 102 53.66 100 55.70 140 49.32 210 79.49 
12 114 50.64 114 57.14 156 64.71 224 71.93 
13 117 60 . 60 124 74.51 168 65.54 230 81. 56 
14 122 68.23 138 80.41 184 '79.05 236 79.98 
15 126 68.02 142 80 . 74 194 78.12 232 82.71 
16 138 68.31 148 76.78 204 76.34 232 70.85 
17 142 59.33 152 71.46 216 81.16 232 67.06 
18 138 62.60 154 79 . 19 212 77.78 226 83 . 48 

Ration 1092 Ration 1093 
19 142 65.73 158 78.28 216 83.59 223 77.32 
20 148 66.38 167 87.23 225 101.11 220 92 . 40 
21 150 69.34 170 77.04 228 96.04 224 75 . 57 
22 157 84.45 183 83.27 227 77.97 222 79.72 
23 166 86.35 176 83.31 215 75.63 222 85.29 
24 170 78.46 180 74 . 04 215 72.58 216 67.18 
25 163 80.03 185 79.50 218 72.49 210 62.40 
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T.'BLE IS .-WEIGHTS OF INDIVIDUAL RATS, AND OF THE AMOU N 'tS OF FOOD' CONSUMED (IN 

GRAMS) ; Ad Libitum FEEDING (Contin ued) 

Weigh ts 

Rat 3607 Rat 3606 Rat 3612 Rat 3608 
Week M Food M Food M Food M Food 

Ration 1037 Ration 1055 
0 34 33 36 H 
I 34 28 .67 32 28.40 39 30 . 37 34 17. 05 

250 mg. F, 250 mg. F, 
R ation 1041 Ration 1058 

2 38 30. 14 32 17 . 76 52 24.78 62 39.68 
Ration 1084 

38 17.79 32 20.84 54 35.69 75 44.06 
Ration 1085 

4 46 32.04 36 24.20 66 38.77 108 71.4-5 
5 50 33.89 36 25 .42 74 33 .02 140 72.38 

Ration 1083 
6 52 29 .22 50 36.96 76 39 .71 160 87 . 70 
7 55 38. 42 69 52 .08 82 36.77 176 84.22 
8 56 32.47 82 57 .86· 82 39.46 18-! 79.64 
9 53 28 .40 100 68.88 93 36.64 197 83.43 

10 50 31. 96 112 67 . 81 98 44.76 200 91. 07 
Ration 1091 Ration 1090 

11 53 32 . 80 120 65 .38 104 50. 16 199 89.31 
12 66 45 . 37 136 75.45 III 53.65 2Jl 91.10 
13 83 53 .37 155 89.62 125 61.45 221 88 . 94 
14 93 59.38 159 81. 48 135 60 .56 228 83 . 62 
15 101 56.52 159 71. 49 141 71 .69 231 82 .46 
16 106 55 .77 161 65 .44 157 66.8 1 239 84.94 
17 Jl 8 55.72 167 66. 18 162 70 .52 242 82.74 
IS 125 61. 73 180 77.27 170 69.62 25 1 81. 43 
19 138 57 .1 8 175 65.46 188 71 .76 254 76 . 70 
20 139 55 .66 189 71 .93 194 72.39 263 82.96 
21 147 57.5 1 197 74.42 201 71.98 263 74. 43 
22 151 50.38 197 62 .31 214 70 . 03 255 67.05 
23 pt. 152 6 .50 195 8.05 215 9 .55 255 10.35 

Ration 1053 Ration 1066 
23 pt. 155 46.78 195 60. 48 221 61.95 255 60 .00 
24 pt. 160 24.60 196 28.10 22 1 31. 10 254 31. 90 

Ration 1134 Ration 1135 
24 pt. 164 34 .06 197 36.20 226 43 . 76 256 41. 75 
25 170 61. 66 192 63.56 228 73 . 53 256 74 . 93 

Weights 

Rat 226 Rat 225 Rat 227 Rat 228 
Weeks M Food M Food M Food M Food 

Ration 1056 Ration 1055 
0 32 30 32 31 
1 30 22 .67 30 22.58 34 22 .57 32 20 . 19 

250 mg. F, 250 m:. F 
Ration 108'1 Ration 1058 

2 43 33.94 35 25.42 48 31. 82 54 35 .57 
3 50 34 .68 40 22.08 60 35 . 18 68 38.91 
4 53 30.93 47 35 . 31 66 35.38 99 63 . 24 
5 60 35.48 58 32 . 61 80 42. 15 116 61. 24 
6 66 39.42 68 43.54 90 43.53 130 63 . 27 
7 76 49. 21 82 56 . 61 102 47.78 148 82.22 
8 80 47.53 97 55 .84 105 46 . 75 154 80.98 
9 81 45 .67 106 61.90 III 47 . 74 167 75 .13 

10 86 43 . 80 Jl9 61. 70 127 50.43 187 83.00 
11 90 46.02 124 67.34 133 53.97 198 91. 61 
12 92 40.59 130 58.39 142 50 . 23 202 74 . 79 
13 93 42.76 130 56.33 147 54.5 1 203 77.90 
14 94 45.22 135 53 . 30 154 52.15 2Jl 70 . 32 
15 93 29 .48 135 48.82 160 53 . 30 207 66.47 

Ration 1091 R"tio" 1090 
16 99 40 .04 143 54.98 172 57 . 73 222 69 .02 
17 110 41.50 144 44 .59 186 58 .60 230 68 . 28 
18 112 42 . 81 140 41.01 188 55.60 226 58 . 60 
19 112 35 .08 148 44 . 19 188 55.99 232 60.08 
20 pt. 11 5 5 .00 150 6 .55 199 8.50 232 8 . 05 

Ration 1053 Ration 1066 
20 pt . 119 35.33 142 23.84 202 47 . 31 235 54 .98 
21 123 40.5 1 143 41.07 208 58.36 238 69. 14 
22 pt. 126 28.76 144 29 . 28 211 14.98 235 46.55 

Ration 1134 Ration 1135 
22 pt. 130 12.00 147 12 .43 220 18.26 245 17.30 
23 131 40 .60 143 41.30 227 67.33 239 60.20 

Ration 1146 Ration 1147 
24 134 41. 73 148 46. 15 233 69.70 236 59.27 
25 122 32 . 28 140 32.91 240 70.56 233 65 .1 6 
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TABLE IS.-WEIGHTS of Il'(DIVlDUAL RATS, AXD OF THeAMOUN 'rS OF FOOD COl'(SUMED (IN 

GRAMS); Ad Libitllm FeEDING (Continued) , 

Rat 229 
Weeks M Food 

o 
1 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 

U 
25 

Ration 1056 
33 
36 31 .66 

Ratin 1083 
42 32.78 
42 25.00 

Ration 1053 
46 34.66 
55 33.91 
56 37.24 
72 52.49 
87 55.08 
95 56.91 
90 43.18 

104 49.91 
120 64.43 
116 48.93 
119 50.14 
120 54.27 
120 48.05 
129 54 .55 
128 40.66 
137 46 .94 
142 48. 93 
149 58.98 

Ration 113'1 
154 48.13 
150 45.03 

Ration 1146 
154 54.78 
159 50.22 

Rat 255 
Weeks M Food 

o 
1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 pt. 

16 pt. 
17 
18 pt. 

18 pt. 
19 
20 
21 
22 pt. 

22 pt. 
23 
24 
25 

Ration 1056 
36 
44 26.79 
42 24.30 

Ration 1083 
56 40.89 
62 39.87 
74 44.16 
88 48.98 
93 46.13 

100 44.90 
112 50.91 
117 49.82 
120 49.36 
130 48.33 
127 44.31 
132 48.13 
130 39.50 
137 4.10 

Ration 1091 
140 45.63 
154 60.18 
154 7.88 

Ration 1053 
159 50.68 
160 59.79 
174 62.35 
176 58.61 
174 41.91 

Ration 1146 
176 16 .25 
178 44.26 
183 51.06 
182 50.98 

Weights 

Rat 230 
M 

32 

Food 

32 25.48 
250 mg. F, 

40 30.80 
44 29.76 

50 36.80 
55 34.56 
56 29.79 
70 49.81 
82 53.66 
94 50.77 
98 47.42 

106 59.48 
115 53.34 
109 47 .35 
llO 46.17 
llS 49.91 
121 47.16 
124 40.45 
120 35.11 
129 45.31 
!f0 48.98 
144 49.33 

156 54.31 
154 48.96 

159 60.93 
160 50.26 

Rat 231 
M 

32 

Food 

Ration 1055 

32 21.42 

Ration 1058 
44 30.99 
52 32.18 

Ration 1066 
56 34.78 
64 39.72 
76 43.78 
92 45.87 

108 52.52 
116 53.91 
133 62.07 
142 73.13 
157 61. 9+ 
149 62.13 
155 55.16 
172 73 .05 
179 71.72 
185 62 . 29 
184 57.59 
185 52.31 
177 41.96 
176 52.75 

Ration 1135 
188 54.93 
183 50.08 

Ration 1117 
184 51.53 
182 57.36 

Weights 

Rat 25{ 
M 

30f 

Food 

35 20.15 
30f 22.76 

250 mg. F, 

59 49.23 
60 35.86 
74 53.45 
90 56.74 

104 57.98 
ll3 55.75 
128 66.41 
136 58.35 
142 56.75 
Its 56.72 
154 52.44 
152 52.91 
156 53.80 
155 7.15 

166 51.28 
180 67.54 
187 9.65 

188 56.61 
In 60.18 
207 76.70 
214 71.40 
211 47.45 

216 20.58 
216 60.13 
219 60.71 
220 58 .93 

Rat 259 
M 

36 

Food 

Ration 1055 

42 20.82 
40 19.39 

Ration 1058 
62 32.05 
64 36.99 
72 36.15 
73 34.77 
80 31.42 
94 44.39 

100 46.52 
112 41. 20 
120 42.77 
134 45.59 
1{5 48.74 
146 45 .48 
160 51. 78 
160 6.38 

Ration 1090 
164 44.01 
181 52.34 
183 7.10 

Ration 1066 
198 57.60 
217 69.15 
23{ 72.86 
237 62.30 
236 50.25 

Ration 1147 
2H 23.50 
254 78.23 
259 74.It 
267 67.59 

Rat 232 
M 

30 

Food 

29 17.36 
250 mg. F, 

46 30.77 
57 35.25 

74 47.70 
94 52.45 

110 58.07 
134 70.17 
130 59.15 
146 66.69 
153 72.81 
172 78.81 
185 73.75 
193 71.78 
200 75.31 
201 73.26 
211 68. 9{ 
21t 74.85 
220 65.48 
230 62.32 
228 54.99 
222 58.62 

228 58.36 
219 51.66 

220 57.55 
209 49.60 

Rat 256 
M 

3t 

Food 

3{ 16.28 
34 18.78 

250 mg. F, 

62 41.03 
70 36 .92 
80 42.69 

107 59.23 
140 70.09 
163 74.68 
180 78.80 
206 77 . 31 
214 74 . 56 
218 66.0of 
220 58.90 
232 66.09 
244 63.10 
242 5.80 

U6 54.35 
248 53.98 
248 8.20 

254 57.91 
261 63.77 
270 69.61 
272 64.55 
268 44.76 

269 19.65 
270 63.38 
270 60.38 
272 63.H 
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TABLE 15.-\VEIGHTS OF INDIVIDUAL RATS, AND OF THE AMOUNTS OF FOOD' CONSUMED (IN 

GRAMS) ; Ad Libitum FEEDING (Continued) 

Rat 3717 
Weeks M Food 

o 
1 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 pt. 

14 pt. 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

Ration 1056 
36 
36 27.14 

Ration 1083 
42 31.10 
42 34.51 

Ration 1091 
47 33.72 
51 35 .76 
58 34.15 
66 36.58 
69 35 .96 
72 37 .03 
83 40.54 
88 39.85 
96 40 .68 
98 41.42 

100 12 .48 
Ration 1053 

106 29.58 
113 44.14 
123 51.04 
132 52.97 
140 55.41 
148 57.04 
147 49.29 

Ration 1146 
157 55.93 
168 55.73 
182 59.53 
179 56.41 
187 68.21 

Rat 3718 
Weeks M Food 

o 
1 

2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 pt. 

20 pt. 
21 
22 
23 
24 
25 

Ration 1056 
40 
42 34.88 

Ration 1083 
49 41.05 
47 35.26 
51 38.70 
52 34.82 

Ration 1091 
61 37.14 
74 51.95 
82 47.21 
84 47 . 24 
93 44.25 
96 41.65 

104 46.52 
107 36 .41 

Ration 1053 
112 45 .30 
126 45.01 
136 59.06 
146 64 . 23 
165 75.73 
172 68.51 
172 40.63 

Ration 1146 
174 19.95 
183 54.30 
192 71.40 
199 67.33 
196 74.89 
201 69.60 

Weights 

Rat 3716 
M Food 

Rat 3719 
M Food 

Ration 1055 
32 37 
29 22 .63 36 18.06 

250 mg; F, 
Ration 1058 

52 43.63 45 30 . 35 
66 51.89 45 31.81 

Ration 1090 
80 61. 54 51 36.23 

100 76 . 85 53 34.78 
119 76.66 57 31.74 
131 76.91 64 38.08 
135 66.79 69 36.72 
133 65.04 68 37.51 
143 65.29 73 32.12 
150 60.04 74 40.43 
158 59.65 80 40.0+ 
157 57.44 85 37.36 
156 16 . 58 87 11.20 

Ration 1066 
162 42.10 94 28.21 
168 57.75 100 38.53 
174 56.78 109 43.71 
179 68.23 116 43.61 
186 73 .91 118 38.41 
196 72 . 14 128 49.51 
188 65.86 124 39.21 

Ration 1147 
192 63.14 132 44 .99 
197 65.73 133 41.96 
198 64.11 138 41.60 
196 63.79 146 48.56 
201 69.31 154 62.46 

Weights 

Rat 3721 
M 

34 

Food 

29 15.74 
250 mg. F, 

48 29.10 
72 53 . 80 

89 59.06 
124 89.3-J, 
148 88.03 
181 97.38 
189 83.44 
190 76.02 
205 77.65 
208 80.35 
212 83.47 
220 67.47 
222 21. 25 

228 52.20 
236 67.71 
248 74.53 
2+4 67.50 
251 66.91 
252 67.98 
244 56.35 

248 67.38 
250 66.73 
256 66.39 
251 62 . 10 
241 64.4S 

Rat 3722 Rat 3715 
M Food 

Rat 3720 
M Food M Food 

Ration 1055 
35 38 33 
35 21. 59 37 18 .60 29 16.30 

250 mg. F, 
Ration 1058 

250 mg. F. 

44 34.40 45 38.12 58 45.92 
52 34.56 50 36.29 78 62.08 
57 43 . 13 54 30.45 93 65.45 
60 55.09 53 26.54 106 56.75 

Ration 1090 
82 56.51 58 34.88 127 70.20 
98 71. 73 74 45.25 134 68.02 

113 70.84 93 51.91 150 72.89 
119 71.66 99 56.87 154 70.35 
127 68.07 122 55.38 170 67.88 
136 63.26 126 54.43 176 76.68 
150 61.14 137 48.34 190 74.41 
156 65.46 140 46.16 196 74.75 

Ration 1066 
161 60.46 146 57.16 205 70.83 
170 59.49 158 54.01 216 73.400 
173 55 . 73 172 65.11 224 74.01 
190 69.98 187 63.53 217 51.66 
205 81.01 194 63.66 227 75.93 
213 80.20 199 61.43 242 85. 7-! 
215 55.56 196 39.23 235 50.58 

Ration 1147 
216 20.65 200 18.45 244 24 . 60 
220 70.80 207 52.67 247 69.08 
220 62.95 216 67.16 252 70 . 83 
225 64.41 225 67.35 261 69.20 
215 58.78 220 61. 89 238 56 . 24 
209 59.19 226 73 . 11 242 81.78 
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TABLE 15.- \VEIGHTS of INDIVIDUAL RATS, AND OF THE AMou"TS OF FOOD COl\'SUl\lE:O (IN 

GRAMS); Ad Libitum FEEDING (Continued) 

Weight 

Rat 378 1 Ra t 3780 Rat 3786 Rat 37Sol 
Weeks M Food M Food M Food M Food 

Ration 1056 Ration 1055 
0 36 36 34 34 
1 34 22 .86 32 18.61 32 19.23 30 18.27 

Ration 1083 
250 mg. F, 

Ration i058 
250 mg. F, 

2 olO 35.28 45 41. 01 33 23 .42 47 30 . 19 
3 ol l 29.58 67 60. 49 34 20.91 76 60.96 
4 ol3 29.13 77 57.62 34 23.5 1 82 61.26 

Ration N-1091* Ration N-1090 
5 46 30 .14 80 H . 83 43 26.09 96 54 .58 
6 43 26 . 73 90 49 .56 50 27.07 11 6 61. 32 

Ration N-1053 Ration N-1066 
7 44 24 . 84 100 51.48 64 38.3 1 148 83.65 
8 52 30 .08 107 51.51 78 41. 45 178 90 . 72 
9 52 31.36 112 52.69 86 37 .93 192 73.20 

10 50 24 . 78 11 6 46.68 89 31. 35 214 80.83 
11 pt. 48 11.67 120 23 .61 95 25 .03 228 60 . 38 

Ration N-1134 Ration 1135 N-1J35 
11 pt. 52 5.78 126 IS .03 99 10.00 231 20.18 
12 47 20 . 26 128 49.41 106 36.07 230 73.36 
13 53 29.28 13 1 47 . 36 120 43 .56 232 76.66 
14 pt. 60 31. 67 134 47.60 131 39 . 13 239 76.83 

Ration N-JJ63 
14 pt. 

Ration N-lJ62 
133 5.25 

15 68 37.38 134 49 .11 133 39.23 235 72.68 
16 90 55.01 137 48 .58 146 43.79 ,--_J> 72 . 13 
17 105 57 .06 142 50.35 155 46 .59 244 78.73 
18 108 46 . 23 145 52 .50 160 44 .03 240 69.28 
19 11 2 46 .05 142 50.41 175 59 .44 230 60 . 11 
20 11 7 48 . 36 142 51. 60 180 64 .98 227 73 .71 
21 124 . 49 . 28 146 50 .43 197 69.61 223 65. 18 
22 130 48.13 154 60 .40 206 66 .48 222 59 .91 
23 135 50.33 149 54. 04 215 71. 85 208 58 .1 8 
24 144 59 .96 155 55.93 212 65 .16 203 62 . 83 
25 159 61. 10 165 57.83 215 65.38 195 51.53 

Weights 

Rat Rat R at Ra t Rat R.r 
Weeks 350 Food 353 Food 352 Food 354 Food 355 Food 356 Food 

M M M M M M 

Ration 1056 Ration 1055 
0 36 34 32 34 35 32 
1 30 16 . 50 34 21. 04 25 17.56 33 21.55 32 17. 17 26 15 . 25 

Ration 1083 
250 mg. F, 

Ration 1058 
250 mg. F, 

36 24 . 38 35 22.70 40 21. 92 42 27.61 36 21. 28 42 32.84 
35 17 . 86 40 25.36 4 1 31.59 48 25.91 43 21.65 73 50.48 

Ration N-1091 Ration N-I090 
4 47 26 . 56 54 36 . 99 45 27 .91 49 33 . 31 54 30 . 56 92 62 . 24 
5 51 25 . 78 60 39 . 27 52 28.99 62 36.21 70 37.45 123 61. 79 
6 64 38 . 73 94 48.29 61 32.71 64 28.37 77 32 . 89 147 63.94 
7 74 40 . 89 104 46 .11 74 38 . 25 75 33.45 89 36.68 160 71. 14 
8 81 35.21 120 48.52 76 30.49 82 27.63 98 34.94 179 73.01 
9 90 37. 00 13 1 54 . 28 78 33 .00 88 30.50 112 39.40 202 70.21 

10 92 34. 97 147 65. 06 78 27.31 88 29.95 122 52 . 34 208 61. 30 
Ration -V-I 053 Ration N -1066 

11 97 29. 19 152 48.2 1 93 35.21 107 35. 16 133 35.55 219 52 . 61 
12 109 47 .48 149 55 . 61 99 46.23 11 9 43. 55 142 50.66 226 62.86 
13 119 47.99 149 52 . 35 107 48.43 132 50.35 152 53 . 10 234 65 . 39 
14 p t . 127 43.43 156 42.75 112 37.29 144 42 .60 156 40 .63 245 44.45 

Ration N-lJ62 Ration N-I163 
14 pt. 128 7. 90 156 7.95 113 7 .55 138 3.55 156 8.10 243 8.35 
15 129 47 . 56 168 62.33 122 52 . 66 150 57 .08 158 52 .51 227 51. 35 
16 13 7 46.66 181 65.40 128 50 . 18 167 65.40 158 46 .53 232 58.23 
17 150 56.24 186 58 .41 138 52. 00 148 38 .43 161 49.53 219 39. 11 
18 154 46 . 63 186 55.56 143 46 .00 173 56.51 166 49.08 205 41. 31 
19 152 50. 17 190 62.23 146 50 . 56 173 55. 51 158 45.66 196 45 . 61 
20 159 50.23 197 61. 88 149 50.20 179 58.13 165 56.68 202 59.40 
21 161 58 . 56 197 65.00 146 53 . 13 184 64. 13 162 48 .95 190 45 .11 
22 158 46 . 58 199 64.5 1 152 54 .35 187 57 . 66 163 51. 35 199 55.67 
23 162 56.80 205 70.18 152 49. 15 203 70 . 99 163 51. 98 198 51. 53 
24 165 53 . 63 207 61. 81 157 55.06 197 55.89 165 51. 45 20 1 53. 01 
25 214 64.65 164 54 .70 205 64.58 170 53 . 58 

*The letter N pr ece<ling the ration n umber indicates that casein 
casein 80. . 

180 was substituted for 
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TABLE 15.-\Vl'IGH1·, 01' INDIVIDUAL RA1's . AND OF 'rH!> AMou>f'rs OF FOOD CONSUMED (IN 

GRAMS) ; Ad Libitllm FEEDING (Continued) 

Rat 3799 
Weeks 1\1 

o 
1 

2 
3 
{ 

5 

6 
7 
8 

9 
10 

11 
12 
13 
I4 pt. 

14 pI. 
15 
16 
17 
18 
19 
20 
21 
22 
23 
U 

37 
34 

38 
42 
{5 
48 

50 
53 
55 

55 
58 

61 
69 
66 
68 

66 
71 
81 
95 

104 
105 
112 
115 
ll7 
124 
124 

Rat 3927 
Weeks M 

o 
1 

2 
3 
4 
5 pI. 

5 pt. 
6 pt. 

6 pI. 
7 

8 
9 

10 
11 pt. 

II pt. 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

32 
32 

35 
39 
-i0 
42 

44 
-i6 

-i6 
50 

52 
62 
66 
70 

82 
97 

102 
104 
114 
llS 
128 
136 
142 
152 
154 
160 

Weights 

Food 
Rat 3798 

M Food 

Ration 1056 

20.55 

Ration 1083 
30.34 
28.23 
29.16 
29.47 

Ration N-1091 
24.77 
29.21 
27 . 95 

Ration N-I053 
20.03 
27.89 

Ration N-1134 
26.55 
33.60 
24.04 
14.53 

Ration N-1162 
10.50 
30.38 
38.74 
49.18 
47.63 
46.72 
46.95 
49.93 
46.70 
51.56 
47.15 

36 
32 20.27 

250 mg. F, 

50 42.05 
64 46.03 
73 55.92 
7i 43.30 

89 45.64 
94 33.58 

100 41. 08 

102 35.21 
110 43.53 

116 37.26 
122 44.35 
129 42.49 
132 25.25 

132 19.60 
133 41.09 
136 42.35 
141 46.18 
151 52.68 
147 45.98 
144 47.99 
145 53.83 
140 38.59 
150 57.88 
154 58.19 

Rat 3801 
1\1 

32 
29 

34 
30 
38 
40 

44 
50 
57 

58 
76 

77 
83 
92 
99 

98 
107 
122 
133 
135 
137 
147 
151 
153 
153 
158 

Weights 

Food 
Rat 3928 

M 

Ration Il20 
30 

27.98 30 

Ration 1121 
29.93 46 
24.68 60 
23 . 33 62 
3.58 68 

Ration 1122 
21.90 76 
21.02 82 

Ration N-Il45 
4.00 86 

34.07 100 
Ration N-1153 

30.83 112 
41.31 128 
45.26 144 
13.51 152 

Ration N -1164 
33.18 152 
49.96 IS-! 
52.10 156 
46.99 158 
60.75 160 
57 . 99 174 
58.93 182 
69.04 182 
62.81 188 
62 . 80 200 
64.84 201 
63.69 200 

Food 

22.65 
250 mg. F, 

35.43 
38.47 
33.58 
13.10 

28.40 
37.08 

5.75 
51.45 

47.98 
64.23 
73.06 
18.40 

43.06 
56.60 
49 . 80 
49.84 
58.74 
68.60 
70.13 
73.24 
67.74 
71.42 
69.96 
59.23 

Rat 3932 
M 

30 
28 

28 
38 
44 
46 

48 
52 

60 
72 

86 
IO-i 
114 
119 

132 
135 
138 
140 
136 
138 
142 
150 
150 
158 
160 
164 

Food 
Rat 3802 

M Food 

Ration 1055 

16.32 

Ration 1058 
25.59 
24.66 
28.67 
28.37 

Ration N-I090 
24.20 
23.49 
25.10 

Ration N-I066 
22.51 
28.04 

Ration N-1135 
24.73 
30.03 
29.58 
17 . 95 

Ration N-II 63 
14.55 
36.26 
45.62 
46.91 
26.29 
47 . 01 
54.73 
51.84 
51. 63 
50.41 
55.26 

32 
28 

42 
57 
90 

115 

135 
150 
158 

163 
153 

180 
200 
209 
216 

210 
212 
220 
216 
212 
210 
202 
204 
196 
192 
195 

17.19 
250 mg. F, 

36.13 
43 . 28 
62.71 
64.88 

60.32 
61. 21 
57.09 

46.76 
35.28 

58.13 
67 . 95 
60.19 
35 . 28 

20.05 
55.93 
57 . 71 
48.93 
47.52 
56.56 
53.20 
55.26 
49.79 
50.29 
55.61 

Food 
Rat 3931 

M Food 

Ration 1055 

11.54 

Ration 1058 
21.14 
25 . 06 
27.29 
9.20 

Ration N-I090 
19 . 17 
22.25 

Ration N-I066 
6.28 

35.92 
Ration N-1l35 

35.41 
49.97 
51. 91 
17.08 

Ration N-Il63 
37.74 
61.95 
45.49 
45 . 51 
51.55 
51.19 
48.98 
60.23 
51.29 
59.49 
54.62 
54.71 

30 
26 15 . 46 

250 mg. F, 

42 28.72 
52 37.41 
62 36.28 
66 9.08 

74 34.55 
90 38.79 

92 8.00 
104 55.27 

124 54.60 
138 61. 95 
146 58.65 
150 18.18 

152 46.85 
157 59.18 
155 50 . 51 
154 50.33 
154 60.83 
156 57.88 
162 54.93 
166 62.41 
168 59.09 
176 64 . 50 
180 58.50 
182 53.86 
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TABLE 15.-\VEIGHTS OF INDIVIDUAL RATS, AND OF THE AMOUNTS Q>' FOOD CONSUMED (," 
GRAMS) ; Ad Libitum FEEDING (Continued) 

Weights 

Rat 3935 Rat 3934 Rat 3938 Rat 3937 
\\Toek. M Food M Food M Food M Food 

Ration 1120 Ration 1055 
0 44 45 44 46 
1 44 29.21 42 27.68 36 16.37 38 15.73 

Ration 1121 
250 mg. F, 

Ration 1058 
250 mg. F, 

2 54 36.80 52 28.04 45 23.75 62 35.98 
3 58 33.68 52 25.93 52 30.86 74 46.94 
4 59 30.57 70 31.33 53 30.88 92 51. 75 

Ration N-1l22 Ration N-I090 
5 66 28.73 76 26.98 62 21.85 120 43.13 
6 pt. 70 34.42 84 29.17 68 27.56 148 50.33 

Ration N-1l45 Ration N-I066 
6 pt. 70 4.20 88 5.30 68 4.50 150 9.20 
7 72 47.70 94 43.59 80 36.98 156 67.91 

Ration N-1l53 Ration N-1l35 
8 82 44.13 118 50.52 88 35.58 168 51. 79 
9 94 53.60 128 51.58 106 51. 91 174 65.86 

10 104 56.86 144 64.64 118 52.90 188 63.14 
11 pt. 106 15.30 148 17.25 126 19.30 194 23.60 

Ration N-1164 Ration N-1l63 
11 pt. 102 41.63 152 44.01 140 49.60 209 60.23 
12 109 44.20 158 56.21 152 64 . 25 214 82.20 
13 116 45.00 164 51.36 162 64.58 226 74.45 
14 120 46.77 176 51.55 164 58.52 228 66.88 
15 124 52.93 166 47.82 168 71.46 224 72.20 
16 132 59.51 168 50.55 164 66.25 232 77.22 
17 142 44.68 170 43.08 188 71.03 238 75.22 
18 144 57.77 166 45.67 198 83.25 229 75.49 
19 154 58.45 168 42.42 200 71.37 232 72.10 
20 164 65.45 188 57.15 212 78.31 232 63.82 
21 168 59.54 192 55.81 206 60.58 228 57.76 
22 166 44.47 192 50.67 192 45.48 221 52.87 
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TABL1:-: 16.-\VEIGHTS OF INDIVIDUAL RATS, AND OF THE AMOUNTS OF FOOD CONSUMED (IN 

GRAMS) REGULATED FEEDING 

Weights 

Rat 2962 Rat 2963 Rat 2964 Rat 2966 
Weeks M Food M Food M Food M Food 

Rntion 1009 
50 mg. F, 

Ration 1010 
50 mg. F, 

0 45 44 41 44 
1 55 34.65 51 33.68 56 33.44 61 33.46 
2 67 47.37 65 48.47 82 49.48 87 48.69 
3 74 49 .5 8 74 49 .06 95 48.31 101 48 .95 

4 78 37.67 75 
100 mg. F, 

37.41 98 37.94 105 
100 mg. F, 

37.58 
5 92 57.48 83 58.49 122 58.36 132 56.U 

6 100 55.63 98 
250 mg. F, 

56.66 145 54.19 153 
250 mg. F. 

54.25 
7 99 48.48 98 45 .77 152 48.26 160 49.11 
8 112 56.47 105 57 .19 160 54.45 166 53 .64 
9 118 57.48 110 58.81 163 60.31 168 59.91 

10 117 57.54 121 58.87 164 57.18 174 61.03 
11 130 66.45 131 66.07 182 66.94 187 64.87 
12 132 66.82 134 66.16 192 66 .84 199 66 . 44 
13 140 66.49 138 66.52 202 66.61 208 66 .00 
14 144 66.98 143 66.07 210 67 .75 220 67 . 43 
15 147 55 . 01 144 53.83 212 54.86 222 54.77 
16 147 52 . 55 144 53.40 211 52.31 218 51.85 
17 144 45.25 142 50 . 15 210 46.96 215 49.09 
IS 147 47.68 140 43.93 204 47 .52 214 45.33 
19 142 54.42 138 53.27 212 53 .03 208 54.94 
20 140 55.00 140 54.81 210 55 .30 205 52.90 

Ration 1067 Ration 1068 
21 146 53.37 146 52.34 212 53 .52 207 52.98 
22 150 62.26 150 62.52 220 60.39 205 62 .62 
23 154 60.52 152 60.75 217 62.21 198 62.25 
24 150 56.39 153 56.54 210 50.79 190 54.18 
25 150 50.78 150 50.74 213 50.85 192 52.29 

Weight, 

R.t 221 Rat 222 Rat 223 Rat 224 
Weeks M Food M Food M Food M Food 

Rat;o" 1009 
250 mg. F, 

Ration 1072 
250 mg . F, 

0 30 30 33 30 
1 37 27 . 78 36 25.76 46 28.46 48 29.95 
2 46 28.45 42 26 . 24 60 27.55 62 26 . 71 
3 52 27.44 52 32.46 68 28.60 73 28 . 86 
4 65 39.18 65 37.09 84 38.84 86 37.47 
5 64 26.04 68 27.93 87 27 . 81 90 27.81 
6 68 36.63 72 36.50 92 36.45 100 36.37 
7 77 35 .91 77 34.83 100 34.86 102 34.80 
8 82 39.81 88 40.73 112 38.76 118 39.84 
9 92 42.36 90 39.63 120 41.84 128 40.80 

Ration 1094 
10 100 43.42 95 42.31 128 43.83 137 43.77 
11 103 45.04 103 42.55 133 41.83 140 41.74 
12 106 43.24 108 43.34 139 42.84 145 42.80 
13 119 58 .81 121 59.34 164 63 .82 163 62.55 
14 120 44.58 123 47.09 163 44.53 166 43.70 
15 130 43 .60 130 39.29 152 25.77 154 38.79 
16 128 32.85 136 38.12 165 56.59 164 39.03 
17 136 50.21 145 47.52 159 44.42 174 46.73 
18 pt. 140 26.10 146 24.78 164 23.88 170 24.89 

Ration 1040 
18 pt. 150 27.82 158 24.96 168 25.07 184 25.60 
19 164 39.90 172 41.34 172 43.40 192 42.59 
20 168 50.70 180 50 . 85 181 51. 70 204 51.66 
21 166 42.51 176 42.96 188 40.74 204 41.63 
22 178 58 . 86 186 59.29 196 58.32 205 57.66 
23 178 52.28 194 51.99 200 52.65 216 53.56 
24 188 47.03 197 44.04 210 47.62 228 46.60 
25 184 47.84 194 51.65 208 46.82 222 46.84 
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TABLE 1Il.-- \VEIGH'l'S OF INDIVIDUAL RATS, AND OF 'tHF. AMOUN'rS Ol~ FOOD CONSUMED (l~ 

GRAMS); REGULATED FE1l1lING (Col,tinuedJ 

Weight. 

Rat 3550 
\\leeks :LvI Food 

Rat 3551 
M Food 

Rat 3552 
M Food 

Rat 3545 
M Food 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Ration 1009 
250 mg. F. 

Ration 1072 
250 mg. F, 

37 38 37 36 
.. 0 34.26 42 35.53 44 34.11 44 33.81 
50 35.98 52 34.29 60 35.94 64 36.82 
58 41.13 62 41.14 80 41.71 80 40.72 
58 40.23 66 42.06 82 41.41 88 41.03 
58 32.58 68 31.85 92 33.60 98 33.68 
62 36.46 74 36.22 92 34.83 102 36.78 
62 33.15 77 32.31 98 31.55 106 31.71 
68 43.51 84 43.10 112 43.46 114 42.76 
74 45.76 98 45.57 124 45.77 130 44.82 
78 43.33 103 43.29 134 43.79 143 43.72 
76 36.39 99 36.45 132 36.72 138 37.76 

Ration 1094 
12 78 39.43 102 40.10 134 40.82 138 40.71 
13 SO 43.82 108 43.94 140 43.85 146 43.78 
14 84 42.47 110 42.50 142 40.85 150 41.83 
15 82 37.41 112 37.41 139 38.76 145 37.86 
16 89 43.86 119 43.37 144 42.68 154 42.72 
17 88 35.94 116 37.36 147 37 . 75 150 37.76 
18 79 33.11 118 28 . 15 150 32.85 149 32.83 
19 84 33.10 122 37.82 152 33.85 159 33.68 
20 85 35.08 117 33.38 147 32.32 153 33.31 
21 p t. 82 4.64 122 6.48 152 6.85 160 6.82 

Ration 1040 
21 pt. 94 44.05 140 45.87 170 44.77 174 45.61 
22 106 46.22 148 41.82 180 44.52 184 44 . 14 
23 109 47.92 148 46 .56 181 44.64 182 44.57 
24 119 46.20 152 47.02 192 48.38 193 46.40 

__ ~25~ ____ ~1~2~6 __ ~5~9~.~17~ _____ 17~0~ __ ~6~2~.3~2 ____ ~2~0:~7 _____ 64_._3~7 ______ 2_09 ____ ~6~3.70· 

Rat 277'0 
Weeks Iv! Food 

o 
1 
? 

3 
4 

5 
6 
7 
S 
9 

10 

11 

12 
13 

14 
15 
16 
17 pt. 

17 pt. 
18 
19 
20 
21 
22 
23 
24 
25 

Ration 957 
38 
44 29.25 
57 37.60 
70 44.30 
72 48.68 

79 42.27 
88 49.36 
88 39.19 
93 38.83 
98 37.43 
93 36.50 

95 40.10 

99 50.90 
109 47.21 

120 57.86 
125 61.62 
122 44.95 
122 16.22 

Ration 1043 
127 39.34 
127 57.82 
142 67.08 
142 57.49 
144 60.31 
132 48.52 
125 37.57 
127 46.88 
136 57.92 

Weights 

Rat 2772 
M 

37 
43 
55 
70 
75 

85 
90 
92 
95 
98 
95 

Food 

50 mg. F. 

29.30 
37.58 
45.23 
48.04 

100 mg. F. 
43 . 25 
47.73 
39.52 
39.63 
38.31 
35.28 

200 mg. F. 
94 40.29 

98 
110 

122 
125 
120 
118 

15050S2F. 

47.65 
250 mg. F. 

58.31 
57.84 
48.64 
12.86 

126 38.17 
129 59 . 58 
142 67.03 
147 57.88 
143 56.95 
136 53.13 
124 33.72 
138 48.90 
150 56.27 

Rat 2773 
M 

38 
48 
68 
8.4 

101 

109 
120 
124 
121 
128 
115 

116 

127 
143 

152 
146 
147 
142 

147 
146 
156 
155 
153 
156 
144 
148 
160 

Food 

Ration 958 

29.45 
37.49 
45.03 
48.48 

42.38 
48.18 
38.21 
38.52 
40.62 
31.57 

43.80 

49.31 
49.61 

57.08 
57.17 
48.32 

9.15 
Ration 1044 

38.05 
60.69 
65.80 
56.92 
57.23 
53.91 
33.86 
47.50 
57.81 

Rat 2775 
M 

37 
48 
66 
84 

100 

112 
125 
128 
127 
133 
124 

123 

134 
148 

165 
168 
164 
162 

171 
166 
180 
185 
184 
184 
170 
172 
188 

Food 

50 mg. F, 

29.79 
37.46 
44.88 
47.82 

100 mg. F. 
43.38 
47.61 
39.37 
39.34 
40.93 
34.25 

200 mg. F, 
40.34 

150 mg. F. 
49.93 
48.23 

250 mg. F, 
58.08 
57.71 
49.48 
12.83 

. 38.47 
59 . 30 
67.09 
57.83 
56.20 
53.38 
34.64 
47.93 
57.35 
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TABLE 16.-WEIGHTS OF INDIVIDUAL RATS, AND OF THE AMOUNTS Of FOOD COX5U),!ED (IX 

GRAMS) ; REGULATED FEEDING (Continued) 

Weights 

Rat 2752 Rat 2754 Rat 2756 Rat 2iSi Weeks F Food F Food F Food F Food 

Ration 959 
50 mg. F, 50 mg. F-:, 

Ration 960 0 35 38 37 3. 1 39 27.06 43 27.13 51 27.11 H H.69 2 54 38.14 57 38.14 72 38,48 6:: 40.47 3 64 47.63 69 47.80 90 47.79 83 47. i7 
4 74 53.46 80 

100 mg. F, 100 mg. F, 
53.06 98 52.87 100 55.14 5 83 50.50 88 51.11 lOS 49.09 III 50.48 6 pt. 79 28.78 83 27.81 100 26.77 109 29.48 

Ration 961 Ration 962 
6 pt. 81 5.97 86 5.96 103 4.99 1I0 5.88 7 pt. 80 18.82 85 18.80 105 17.87 111 IS. i7 

Ration 968 Ration 969 
~ pt. 82 15 .86 85 15.89 110 14.96 113 15.88 

89 46.59 93 45.99 119 47.16 126 46.04 
9 101 55,42 109 55.07 137 54.81 143 55.05 

10 106 60.80 117 62.11 150 62.14 158 61.92 
11 106 61.36 114 59.93 158 59.77 158 60. 39 
12pt. 102 14.67 112 15.02 154 15.82 156 15.87 

Ration 1019 
200 mg. F, 

Ration 1020 
200 mg. F'J. 

12 pt. 102 35.76 107 36.76 152 36.13 155 36.70 

13 116 62.63 
250 mg. F, 250 mg. F2 

125 62,40 158 58.28 165 59.30 
14 114 48.71 122 45.27 154 52 . 10 158 51.60 
15 III 40.89 121 45.21 153 40.24 154 40.29 
16 112 51.55 124 52.91 154 53.06 15+ 53.16 
17 pt. 115 17.53 126 16.50 158 18.57 158 16 .95 

Ration 1045 Ration 1046 
17 pt. 114 33.90 126 34.21 149 30.22 158 36.39 
18 114 48.52 126 48.78 149 50.57 154 46.53 

Ration 1048 Ration 1049 
19 129 62.89 144 63.26 158 62.78 172 63.24 
20 130 55.12 142 54.05 159 52.06 165 55.43 
21 133 54.00 137 55.01 158 55.03 162 53.43 
22 136 52.21 140 51.58 163 55.28 168 52 . 5ol 
?' 142 56.12 148 54.13 162 5+.09 162 55.63 -, 
24 143 47.79 153 50.10 164 49.11 164 48.35 
25 137 42.98 148 43.32 160 .J,5.04 158 42.68 

Weights 

Rat 2765 Rat 2766 Rat 2768 Rat 2;69 
Weeks F Food F Food F Food F Food 

Ration 961 
50 mg. F, 

Ration 962 
50 l1:g. F: 

0 42 44 43 40 
1 49 36.15 52 36.19 57 36.24 57 36 .20 
2 62 46.33 62 46.50 80 46.70 76 46.26 
3 73 50.62 75 50.28 9{ 50.02 89 50.H 

100 mg. F, 100 mg. F, 
+ 88 56.82 90 56.74 113 56.90 112 56.S7 
5 98 51.47 98 51.39 125 50.92 123 51.03 
6 98 4J.61 98 44.B 125 44.03 125 44.51 
7 102 43.65 109 43.70 126 {1.16 130 43. i2 
8 92 28.31 97 28.32 116 31. 81 121 2S.31 
9 89 23.22 101 28.81 115 22.62 119 26.54 

Ration 1009 Ration 1010 
10 80 20,45 98 30.84 108 30.13 117 31. 81 
II 85 34.53 94 29.87 106 29.67 IDS 29. i3 
12 91 44.76 101 38.80 III 39.26 121 38.26 

250 mg. F, 250 mg. F: 
13 99 44.53 110 44.54 128 46.87 130 44.63 
14 104 50.89 118 50.72 125 46.03 136 51.15 
IS 111 52.64 125 51.10 137 57.50 146 51.50 
16 I14 52.44 126 54.19 138 50.96 H8 53.19 
17 pt. 116 19.43 128 19.89 140 19.92 154 18.92 

Ration 1045 Ration 1046 
17 pt. 121 42.22 139 42.35 150 42.40 162 42.70 
18 116 50.68 134 52.62 143 52.6S 150 52.46 

Ration 1048 Ration 1049 
19 125 59.12 H2 62.25 154 62.91 I5S 62.91 
20 130 59.39 146 56.52 152 55.62 155 55 .39 
21 133 62.63 140 60.87 157 63.65 164 6+.29 
22 127 52,42 148 54.;! 157 51. 76 168 51.53 
23 130 51.92 146 50.51 155 50.76 168 50.58 
24 130 51. 77 152 55.23 160 55.00 liD 54 .93 
25 130 53.87 155 53.06 160 50. i.f 16S 50.43 
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TABLE 16.- vVnGHTS OF I NDIVIDUAL R'\TSJ AND OF 'l'H:E: ":\110UNTS OF FOOD' CONSUMED (IN 

GRAMS) ; REGULATED FllEDING ( Con,tinutd) 

Weights 

Rat 2781 Rat 2778 Rat 2777 Rat 2776 
,... Weeks F Food F Food F Food F Food 

50 mg. F, 50 mg. F.j 
Ration 968 Ration 969 

0 42 41 39 39 
I 45 36.17 42 34.45 54 35.99 54 35 . 24 
2 52 42. 17 49 42.25 70 42.12 72 43.15 

3 59 41.64 56 
100 mg. F. 

43.27 80 41. 88 83 
100 mg. F, 

41.18 
4 61 40 .07 59 40.19 95 39 . 99 94 40.67 
5 66 40.36 6.4, 40 .91 98 40.62 98 39 . 93 
6 68 40 . 46 67 39 .90 106 40.20 107 40.07 
7 68 39.71 68 39.84 111 40.78 110 41. 23 
8 74 40 . 25 72 40.40 113 38 . 17 116 38 . 03 
9 74 39.33 72 39.3-1 117 41.74 120 41.31 

10 74 41. 65 72 41.72 118 40 . 80 120 41.36 
l Ift. 72 12. 29 72 12.52 120 12 . 84 122 12.64 

Ration 1019 Ration 1020 
11 pt . 71 29.06 74 29 . 69 119 30 . 86 123 30.19 

200 mg. F, 200 1>'g. F, 
12 80 36 . 65 82 35.22 122 35.54 122 36 . 21 
13 72 25.52 74 32 . 70 118 30.69 118 30 . 81 

Ration 1036 
14 74 35 . 71 79 37.12 118 36.48 118 36 . 19 
15 86 42.10 94 43.98 120 42.93 120 43 . 26 
16 77 26 . 18 88 29 .91 118 33 .68 116 33.47 
17 76 42.69 88 37 . 91 107 33.54 110 33.30 

Ration 1048 Ration 1049 
18 96 56 . 10 106 52 . 43 126 56.72 134 56.31 
19 104 50.29 110 53.49 130 50.34 138 50.35 
20 108 54.00 114 5-! . 29 128 45 . 50 146 53 .45 
21 106 43 . 63 114 46.40 130 50.14 144 42.50 
22 110 50.75 115 47.46 136 51.99 148 51.29 
23 110 41.82 118 43.85 136 44.23 152 45.19 
24 114 48.45 124 47 . 00 138 46 . 15 155 46.57 
25 114 48 . 32 12.4, 50.03 142 49.21 156 48 .53 
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