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F AT has several unique propert ies  when used as a 
dietary component. Besides being a carr ier  of 
the fat  soluble vitanfins A, I), and E and pro- 

r id ing essential f a t ty  acids, it serves a very iinl)ortant 
purpose iu conferr ing satiety upon the diet. The im- 
1)orlance of fat  has been fu r the r  emphasized in recent 
years, chiefly because it has been in very short supI)ly. 

These problems have created much additional inter- 
est in fat  metat)olism in general, and our labora tory  
has been concerned for some time with the question 
of efficiency of utilization of diets of vary ing  fat  con- 
lent. Although much is known concerning the func- 
tions of fat, it has t>een regarded, fronl a practical  
standpoint,  as being interchangeable with carbohy- 
drate on a metabolizable energy basis, and diets in 
which the fat  is varied are usually prellared by  chang- 
ing the content of these two die tary  components. I t  is 
by this method that  tile various diets used in our 
experiments  were prepared.  This obviously involves' 
a s tudy of the interrelat ions of fat  and carbohydrate ,  
and it is logical to believe that  utilization can be de- 
termined most rel iably when these components con- 
sti tute par t  of a normal  diet. 

The experimental  suhjects ill this work have been 
either weanling or essentially nmturc  male albino rats, 
the wcalfling rats  being used in the body balance ex- 
periments  and mature  animals in all other work. 

The rations used were compounded to contain vari- 
ous amounts of fa t  f rom 2 to 30% by  weight of the 
rat ion with carbohydra te  being interchanged for  fa t  
on a caloric basis. The protein and mineral  contents 
were essentially the same in all rations, l )ur ing the 
course of the work suggestions were received to in- 
crease tile choline, pyridoxine,  or pantotheuic acid of 
the rations to make certain that  these had ,lot been 
at border-line levels of intake. In  order to accumu- 
late more data upon which to base conclusions and 
to satisfy the suggestions above, additional investiga- 
tions were made in the same manner  as previously 
but  with great ly  increased intakes of 10 of the vita- 
mins. Results were unaffected by the new vi tamin  
level, indicating that  these nutr ients  were furnished 
in optimal amounts  throughout  the experiment.  The 
vi tamin intake was identical in all rations of any  
given experiment.  

Basic components of the diet were 4% salt mixture,  
2% corn oil, snfficient protein mixture  of high quali ty 
proteins to constitute a 2 2 ~  level in the diet, carbo- 
hydra te  mixture,  and lard, with tile carbohydra te  and 
lard being interchanged to adjus t  diets to desired fat  
level and to render  all diets cquicalorie. 

By separate analyses of the carbohydrate ,  fat,  and 
protein mixtures  and the use of simple algebra,  it 
was possible to compound rat ions of given fa t  per- 
eentagcs and which could be fed on an isoealoric 
basis. For  instance, one gram of the low fa t  diet 
wouhl be exactly equal in energy and protein con- 
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tent  to a lesser weight of the high fa t  diet. The diets 
were fed to supply  identical amounts  of protein and 
energy. 

Three methods of exper imentat ion were followed, 
all measuring the heat  product ion by an indirect  ap- 
proach, namely, a) the body balance method, b) tile 
t ta ldanc  resp i ra tory  quotient procedure,  and c) the 
carbon-nitrogen balance method. 

The body balance method, as developcd in this 
laboratory,  provides for normal  freedonl of move- 
merit of the animal with quant i ta t ive  feed allowance 
and collection of excreta. A single measurement  of 
the heat production was made for  a 70-day period 
hy subtract ion of the energy of the excreta and of 
the body gain f rom the gross energy of the food. The 
desirable points in the use of this method are that  
a) tile heat is measured over a very long period of 
t ime and b) dimunit ion ra ther  than magnification of 
exper imental  error  prevails. 

Tile hody gain in this procedure  is determined by  
difference between analysis  of eontrol animals sacri- 
riced at the s ta r t  of the exper iment  and analysis of 
the experimental  animals which are killed at the end 
of the experiment.  The bodies were dried in vacuum 
desiccators, extracted in large Soxhlet extractors  with 
ether, and ground first through a large Wiley mill 
and then through a bu r r - type  or Excelsior mill. The 
ground samples were very  finely divided, and excel- 
lent sampling was possible. 

In  the determinat ions of heat increments or energy 
expense of utilization of diets the well-known Hal- 
dane respi ra tory  quotient proeedure was used. As a 
p a r t  of this exper imenta l  method tile excreta were 
collected for a period of at least 8 days af ter  first 
establishing the animals  on a constant feed intake of 
one of the diets to be tested. The long collection 
periods were used in order  tha t  the error  result ing 
f rom irregulari t ies  of excretion would be minimized 
and to allow time for  the aninlals to become thor- 
oughly adjusted to the exper imenta l  conditions. 

An impor tan t  pa r t  of this procedure for the deter- 
ruination of heat increments  was the use of a main- 
tenance plane of nutr i t ion as a base value instead of 
the fast ing heat production.  The heat increment  was 
determined by  this method as the increase in heat 
production between a maintenance and a supermain- 
tenanee plane of nutrition of the same diet. The tech- 
nique of using a fas t ing heat production is fu r the r  
involved by the dynamic effect of the catabolism of 
body tissue. 

Dynamic effeets determined by  relat ing the fast ing 
heat production in which no food is involved, to tha t  
result ing f rom the ingestion of a single foodstuff, can 
hard ly  be expected to represent  what  occurs when 
this food is incorporated in a nutr i t ional ly  "wel l -  
b a l a n c e d "  dict. 

The last method to be described for  the indirect 
measurement  of heat is the carbon-nitrogen balance 
procedure. This has been used since the time of Volt 
and needs little comment except one point which can 
be made that  will doubtless do much to establish its 
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TABLE 1 
P a r t i t i o n  of Average  Dai ly  I n t a k e  of E.nergy Per  Ra t  D u r i n g  70 Days ~ 

F a t  eon~ent 
of diet 

% 
2 ........................ 
5 ......................... 

lo:::::::: :::: :::71 

G ross Ene rgy  in take 

energy I Carbohy- 
intake Protein , drate 

Cal. Cal. Cal. 
2854 799 1912 
2854 799 1713 
2854 I 799 1456 
2854 I 799 657 

F a t  

Cal. 
143 
342 
599 

1398 

a By body balance procedure.  

accuracy to one unfamil iar  with this field. In  tile 
use of lhe large respirat ion calorimeter  at  The Penn- 
sylwmia Slate College this method of calculation of 
heat production has always been used and compari-  
sons made with the heat directly determined. Cov- 
ering a pc, riod of years  and many  experiments,  the 
average agreement  in heat  product ion between these 
two metho(ls, one direct  the other indirect, has dif- 
fered by  less than  1%. 

The respirat ion appara tus  used in this method was 
constructed of sheet copper with water  seal and of 
sufficient size to permi t  the usual type individual ra t  
cage to be placed in it ( l ) .  The reason for using this 
different type appara tus  was that  respiration meas- 
urements  eouhl be made for  2-3 days continuously 
under  conditions of m)rmal voluntary  activity. The 
heat product ion thus measured was very representa-  
tive of normal  conditions. 

Three experiments  have bcen conducted by  the 
body balance p rocedure - - the  first of these with 4 
groups of 10 rats  each with equicah)ric consumption 
of diels of 2, 5, 10 or 30% fa t  (2). The animals were 
selected f rom 10 litters, one rat  f rom each l i t ter  be- 
ing given one of tllc 4 diets. A modification of the 
paired-feeding method was used with the amount  of 
feed given to each ra t  of any given l i t ter  being deter- 
mined by  the individual  of the four  which ate the 
smallest amount  of food. 

The acceptabi l i ty  of the diets increased as the fa t  
eonlent increased with only 3 refusals of feed (luring 
70 days by the rats  on the 30% fa t  diet as compared 
to 32 refusals  by  the rats  recciving the 2% fa t  diet. 

The rats  on the four  diets of 2, 5, 10, and 30% fa t  
gaine(I on an average 171 gin., 183 gin., 188 gin., and 
191 gin., respectively, dur ing the 10 weeks of the 
experinlent.  The rats on the qO% diet thus gained 
an average of 20 gin. more than their  l i t ter-mates 
on lhe 2% fat  diet. 

F igures  relating to the part i t ion of fce, d nitrogen 
are not given all hough they show a reasonable degree 
of sigi~ificance in the experiment,  t Iowever,  in the 
other extensive experiments  to be discussed here, the 
fa t  conlellt of the diet was without significant influ- 
ence on the nitrogen retention, war ran t ing  the gen- 
eral conclusion that  tile fa t  content of the diets, as 
studied, was without i)ositive influence on the utili- 
zatiorl of nitrogen. 

I t  is interest ing to note in connection lwi th  the 
discussion of nitrogen metabolism that  this type of 
exper iment  permits  the computat ion of recovery of 
feed nitrogen in the urine, feces, and body gain. The 
average figure for recovery in these experiments  was 
about  98.59~, of the feed nitrogen. 

The complete energy balance is given in Table 1, 
and f rom this it is seen that  only slight differences 
in loss of energy in urine and feces occurred while a 
grea ter  difference was manifested in heat production. 

Memboliz- 
able In  

feces 

CaL [ Cal. 
2601 128 
2605 126 
2610 121 
2615 123 

E n e r g y  o u t p u t  

I n  
u r i n e  

Cal. 
125 
123 
123 
116 

heat 

Cal. 
2195 
2165 
2154 
2155 

Energy  
re ta ined  

Cal. 
4O6 
440 
456 
460 

The odds that  the heat production, computed by  Stu- 
dent ' s  method, f rom the 30% fat  diet was less than 
f rom the 2% fa t  diet were 59 to 1; but  the difference 
in energy retained was of greater  significance, the 
odds being 253 to I tha t  the amount of energy re- 
tained f rom the 30% fa t  diet was greater  than that  
retained f rom the 2% fa t  diet. With respect to the 
utilization of energy the increased efficiency of the 
5% fa t  diet as compared with tile 2% fa t  diet was 
much greater  than that  of the 30% fat  diet as com- 
pared with the 5% fa t  diet. 

A second experiment  was conducted as nearly alike 
this one as possible except that  a much higher level 
of 10 of the vi tamins was given than formerly.  Fa t  
levels of 2, 10, and 30% wcrc compared with the 5% 
level being dropped (3). As the results of this ex- 
per iment  are very similar to the one just  described, 
fu r the r  tables present ing the data will be unneces- 
sary. The discussion will therefore b e  made on the 
basis of the data  shown in Table 1. 

Statistically significant results were obtained for 
greater  body gains of fa t  and energy, and decrease 
in heat  production, in the order of increasing fat  
contents of the diets. The significance of this de- 
crease in heat product ion is expressed by odds of 
],999 to ], and the increase in energy retention by  
odds of 98 to 1, in the order  of increasing fat  con- 
tents of the diets. 

In a third experiment,  using the body  balance pro- 
cedure, a low (2%)  and a high (30~.) fa t  diet were 
compared in which the protein content was rcdnced 
f r o m t h e  usual 22% level to 7~, (4). This was done 
to determine if the level of protein in the diet had 
any inituence on the manner  in which the energy 
was more efficiently utilized in the high fa t  diets. 

Two groups of weanling rats  of 12 each, selected 
as l i t ter-mate pairs, were fed by  the paired feeding 
method for  70 days in the usual manner.  Results 
with this work added fu r the r  c.onfirmation to the 
original conclusions with regard to heat production 
and gain of energy. The rats on the high fa t  diet. 
gained on the average 14% more energy in the form 
of fa t  than the group on the low fat  diet. The total 
gain of energy was 10.5% greater  in the rats  on the 
high fa t  diet. 

Although the significance of some of these figures 
is less than when the higher level of protein was fed, 
the results are qual i tat ively in complete agre(~ment 
with the other work. As the food intake was lesg on 
the low protein diets, differences are na tura l ly  less 
pronounced. 

The second type of experimentat ion lnntertaken 
had as its aim the measurements  of heat increments 
(dynamic effects) of the diets of different fa t  con- 
tent. In  previous work by  Forbes  and Swift  (5) it 
was shown tha t  the lowest heat increments of com- 
binations of any  of the three main classes of food, 
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carbohydrate ,  protein,  and fat, were obtained f rom 
beef protein and lard and front cerelose and lard" 
when these supplements  were snperimlmsed on a 
complete diet. The least efficient combinations, as 
indicated by  max imum heat increments, was the one 
c, ontaining no fat,  which was composed of cereh)se 
and beef protein.  These observations aroused an 
inierest in the relation of fa t  to heat increments, and 
this was na tura l ly  included as an integral  p a r t  of 
tile I)rogram of stu(ly outlined. 

In this first s tudy  4 gronps of 12 essentially ma tu re  
male ra ts  were used, these t>eing selected f r o m  12 
l i t ters  with a rat  f rom each l i t ter  receiving one of 
the 4 fat  diets to be tested, either 2, 5, 10, or q()% 
fa t  (6). The rats  were all the same age, 205 days 
old, when first used in the respirat ion chambers. The 
heat production was measured for  each ra t  for  each 
die tary  treatnlent,  either maintenance or snperluain- 
tenance, dur ing a 7-hour period on two consecutive 
days. Muscular act ivi ty was pract ical ly nil. As indi- 
cated earlier, the heat inc, rement  was determined as 
the difference in heat production t)etween the same 
rats  on two planes of nutr i t ion when consuming the 
sam(,' diet. 

The, metatJolizable energy values of the daily food 
were v i r t u a l l y  equal for the four  diets at either 
level of food intake (Table 2). IIowever, the heat 
production or energy expense of utilizalion at both 
planes of nutrit ion, dilninished in the increasing o f  
der of t11(~ fat  c, ontents of the diets. The decreases 
in heat increnlents were in tile same order (Table 2) 
and were equivalent to 7.29, 6.39, 5.78, and 4.10 Cal. 
for  the 2, 5, 10, and ',10% fa t  diets, respectively. 
These vahtes am(ranted to 36, 31, 29, and 2 0 ~ ,  re- 
spectively, of the gross energy of the feed given 
above the maintenance plane for  the 2, 5, 10, and 
307c fa t  diets. 

Th is  elllire exper iment  was run  a second t ime to 
see if the increased level of vi tamin intake had any 
inflnel,ee on results obtained. This point was not 
only answered ili the negative, bu t  other data were 
obtained, adding fu r the r  confirmation to earlier find- 
ings. The second exper iment  was conducted through- 
out in the sanle manner  as the first except tha t  the 
5% fat  diet was dropped and only 3 diets were 
used (7). Again the heat I)roduetion decreased mark-  
edly at both pbines of nutr i t ion as the fat  content of 
the diet was increased. The heat  increments were 
likewise very similar to those obtained in the first 
experinlents. 

During the course of this work it became evident 
}hat the amount  of energy expended in heat  pro- 
duetjon, other than dynamic  effect, varied wi th  the 
intake of fat  and was of importance in explaining 

the differences in the total heat  product ions obtained. 
As the work reported has not shown any appreciable  
difference in nletabolizable energy on the different 
levels of fat  intake, the heat prodnctions must  there- 
for(', eontain different expendi tures  of energy in the 
form of act ivi ty  as this represents  the only remaining 
outlet for  the use of energy which has not been meas- 
ured. A full explanat ion of the energy balances ou 
the different fa t  diets will obviously inehlde a s tudy 
of this activity.  

T A B L E  3 

I n t a k e  and P a r t i t i o n  of I )a i ly  Food Energy  ~ 

[ Per iod 1 ! Per iod 4 

[__+ __Fat in diet  [ Fa t  in  diet  
r 

2% 3o% 2 %  : lo% 

! Cal. Cal. Cal. Cal. 
In t ake  .............................................. 61.52 61.52 61.52 61.52 
Feces ................................................ 2.(,t5 2.75 2.98 2.77 
Ur ine  .............................................. i 4.03 4.12 3.85 3.94 
l~fetabolizable ................................... [ 54.54 54.65 54.69 54.81 
Body gain ! 

As prote in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 .81 1.56 1.52 
As fat  ........................................... 7.94 8.55 5.53 5.81 
Total  body gain ............................ 8.71 9.36 7.09 7.33 

n+eat prodt tel ion ............................... 45.83 4 5 . 2 9  i 47.60 47.47 
Coef. of va r i a t ion  ......................... : 3.6 4.8 5.5 3.5 

Measnremenl  of heat  made  by the carbon-n i t rogen  balance method. 

Tile evahlation of aet ivi ly in terms <tf energy pre- 
sents a very difficult probleln, and an indirect ap- 
proach was made to ils measuremen! by  determining 
the total  heat prodnct ion under  conditions of hernial 
cage act ivi ty and again with act ivi ty restricted to a 
mininium, all other iniposed conditions being the 
same. The difference was considered to represent the 
energy expendi ture  associated with activity.  

In  this exper iment  2 groups of nlature rats, 12 
animals in each groul), were selected on tit(', basis of 
uniforni i ty  of weight  and age to be fed diets of h)w 
and high fat, 2 and 30%, respectively. The feed in- 
take was maintaine(1 constant and on an equicalorie 
basis throt tghout  with excreta colleclion periods of 
8 days '  dm'at ion preceding the respirat iml measttre- 
nlents. The carbon-ni t rogen balance procedure was 
used with the respirat ion ehambers made of sheet 
COl)per, permi t t ing  the animals lhe same freedom of 
movement  dur ing the time when the heat production 
was being measured as normally.  

Two eomI)lete periods were run a f te r  which the 
diets were reversed, and two more excreta collection 
and respirat ion periods were completed. In  other 
words, eaeh rat,  with a few exeeptions due to refusal 
of feed, had two periods on the h)w fa t  and two on 
the high fa t  diet. 

The information on energy exehange for  the first. 
and last i)eriods is given in Table 3. On account of 
the similari ty of the data two periods only need to 

T A B L E  2 

Pa r t i t i on  of Dai ly  Yood Energy  and  Hea t  Inc remen t s  ~ 
_ + _ _  

�9 Diet Nos. 

1 ...................................... 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 ...................................... 

P lane  of 
nu t r i t i on  

Main tenance  
Main tenance  
Main tenance  
3Ia in lenaneo 

1 . . . . . . . . . . . . . . . . . . .  Sl t l )errnainfenance 
Supe rma in t e na ne e  

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  Super ,na in t  . . . . . . .  
4 ....................................... S'tl l)erffla in t enP,,It r e 

I n t a k e  

Cal. 

44.64 
44.64 
44.64 
44.64 

64.98 
64.93 
64.93 
6,1.(`)3 

Feces 

Cal. 

2.25 
2.35 
2.16 
2.53 

3.30 
3.27 
3.20 
3.58 

U r i n e  ! Metabolizable 
energy  _ _ 1  l Coer 

Cal. var.  
% 

39.64 .3 
39.54 
39.73 .5 
39.35 .8 

57.72 .3 
57.74 
57.8O .5 
57.39 .5 

I Iea t  p roduc t ion  

C(IL 

2.75 
2.75 
2.75 
2.76 

3.91 
3.92 
3.93 
3.96 

Cal, 

30.50 
29.93 
29.50 
27.56 

37.79 
36.32 
35.28 
31.66 

Veer.  

% 
5.6 
3.8 
3.2 
5.4 

3.B 
3.2 
3.0 

tgeat  increments  

Diet  Cal. 
,Vo. 

1 7.29 
2 6.39 

5.78 
4.10 

I l ea l  measuremen i s  made by Haldane  res l , i ra tory  quo t i en t  procedure. 
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CALS. FEED FEED FEED FEED 

7 .00  

6 3 0  

6,�9 

5 ,S0 //~ 

5 . 0 0  . . . .  _1 

LOW FAT 

HIGH FAT 

g~' %% 
/ 1 

% ~  6,  .~- ,t %% 

i 
l 

I 
I 

I / ] 

t 

IPM 4PM " T P M  IOPM IAM 4.AM 7AM | 0  

FIO. 1. Curves of heat production per 3-hour period of rats 

be given as representative of the entire experiment. 
Conelnsions are drawn obviously in consideration of 
all 4 periods. 

The daily heat productions were about the same 
for both diets in each of the four periods although 
the trend in three of the four periods was for the 
rats on the low fat  diet to have a slightly higher 
heat prodnetion than those on the. high fat diet. 

This uniformity in heat production may be some- 
what surprising since the heat production as meas- 
ured by the body balance provedure in growing rats 
was greater on the low fat  diet than on the high fat 
diet. The one big difference between these two ex- 
periments is in the age of the experimental animals, 
and consequently their physiological status is very 
different. In the ymmg animals growth is one of the 
most urgent  demands made upon the available en- 
ergy. In the mature animals the demand for growth 
is no longer present, and the energy intake is dissi- 
pated ahnost entirely in heat in'oduction and in loss 
in visible exereta. 

In view of the results of this experiment which 
show essentially the same heat production as well as 
metabolizable energy on a high and a low fat intake 
and in view of the earlier work in which it was 
found that  the dynanfic effect was less on the high 
fat  diet, at least under  conditions of experimentation 
imposed, it may be concluded that in the present ex- 
periment more heat remained to be expended in the 
various forms of activity on the high fat diets. 

As a part  of this conchtsion is drawn from data in 
two separate experiments conducted at different times 
and on different animals, it was decided to eonduet an 
experiment in which the heat production was meas- 
ured on consecutive days in the same animals with 
aetivity restricted in the one case, and with normM 
cage activity in the other. The results obtained from 

AM IPM 4PM 7PM IOPM IAM 4AM "/AM IOAM 

on diets of high and low fat content. 
_ I  

this work could, therefore, not he subjected to the 
criticism mentioned. 

The procedure decided upon was to measure the 
heat produetion under rcstrieled activity with the 
IIaldane al)paratus for periods of 7 hours and to 
measure the heat production under unrestricted activ- 
ity with the carbon-nitrogen balance method of the 
experiment just discussed. 

Two groups of 10 rats were used in this study 
eonsmning either the low or high fat diet, the l.lsual 
metabolism data being obtained. 

The heat p r o d u c t i o n  as measured with activity 
either restricted or unrestrieted follows closely the 
pattern of previous experiments and thereby adds 
fur ther  confirmation to these, findings. The total heat 
produetions with activity unlimited were not affeeted 
to any appreciable extent by the level of fat intake 
but the heat productions, as determined with activ- 
ity restricted, were significantly different. As the 
heat increment decreased with increase in fat con- 
tent of the diet, the activity must therefore increase 
in the same proportion to produce a similar total 
heat production. The important point is that  a nun> 
her of variable factors such as different animals. 
time of year, e x p e r i m e n t a l  routine, etc., did not 
signifieantly influence the results obtained. By fol- 
lowing the technique of having the respiration meas- 
urements made with the. same animals on c.onsec.utive 
days, there ean be little doubt of the part  that activ- 
ity plays in the total heat production as measured by 
this procedure. It  is recognized that one possibility 
remains which could influenec the respiration meas- 
urements with the l lahlane method since the period 
of observation does not extend over a full day and 
any change in metabolism during a time other than 
when the measurements were being made wouhl not 
be reflected in the final results. 
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Fur the r  work has been done with this idea in 
mind to inelude a thorough investigation of the fluc- 
tuations in heat production throughout  tlle day on 
both the low and high level of fat  intake with 12 
mature  rats on each diet. First,  the hourly  curve of 
total heat production, with normal aet ivi ty ineluded, 
was studied for 2 complete days using the earbon- 
nitrogen halanee proe, e(hlre. This was (1pne by  stop- 
ping the ventilation of the respirat ion chambers  every 
3 hours, long enough to weigh the, absorpt ion tubes. 
The eurve of heat production obtained is presented 
in Figure  1. F rom this it is apparen t  that  the ~wo 
diets, fed on all iso(',alorie basis, produced heat at 
quite different rates at different times of the (lay. On 
the low fat  diet there was an increase in heat pro- 
duetion af ter  food was given either in the morning 
or evening. I t  is to be note(t that  the daily allowance 
of food was divided into two equal portions and fed 
exaetly at 12-hour intervals as indicated in F igure  1 
(S A.M. and 8 P.M.). The increase in heat dur ing 
tilt, morning seems to be largely dynamic effect since 
it did nol s ta r t  nnti l  the foo(l was given, while in the 
evlming the increase star ted sh)wly between 4 P.M. 
and 7 P.M. This increase is obviously due to act ivi ty 
of the rats. 

With the Iow fat  diet the t)eak of dynamic effee, t 
and extra aet ivi ty which occurred following the meal 
was always reaehed within two hours a f te r  tile meal 
was consumed. 

A comparison of the amount  of act ivi ty dur ing the 
day and night is elearly demonstrated by the animals 
on either diet. There apI)ears to be little act ivi ty in 
the rats  on the high fat  diet dur ing the day, but  
a f ter  4 I).5I. the increase is evident with this con- 
t inning throngimut  the night. Ingestion of the high 
fa t  diet had little demonstrable  ('fleet on the recta- 
belie rate. A general similari ty is noted in this work 
to that  reported by I t e r r i ng  an(t Brody (8) on the 
diurnal  metabolic rhy thm of the rat.  

[t is of pavt ieular  interest and concern ill this 
work that  the heat produet ion of the ma tu re  rats  
on tile high fa t  diet was greater  at two times dur ing 
the day than in the rats on the low fat  diet, these 
times being t)etween 4 and 7 P.M. and 4 and 7 A.SI. 
Although the heat increments have been measured 
with activity controlled to a mininmm, the question 
arises at one, e, as to whether  the effectiveness of this 
eontrol has been sufficiently good to prevent  similar 
variat ions in these measurements.  

This point wa.s checked by ehoosing one of the 
times for the determination of heat  increments when 
the total heat product ion was grea ter  oil the high fa t  
diet than on the low fat  diet. Ttle period of obser- 
vation began at 1 P.M. and continued until  7:30 P.M. 
Again the heat increment was determined as the dif- 
fe, renee in heat pro<hn.tion between a maintenance 
and a supermaintenanee plane of mtt r i t ion on the 
same animals with act ivi ty at a mininmm. Twelve 
rats  were used on both the low and high level of fa t  
intake. This type of problem has been of coneern in 
planning metabolism work an<t nmch thought  has 
been given to it in the past. 

With the heat increments being determined late 
in the af ternoon and early evening, the fundamenta l  
findings of the fo rmer  work were again sat isfactori ly 
verified. The magni tude of the differences in heat 
inerements wax not as great as fornlerly, bu t  they 
were still highly significant. 

Effieieney of utilization of the metabolizable energy 
of tile two diets is expressed by odds of 9,600 to 1 
thai the high fa t  diet was more effieiently utilized 
than tile 2% fa t  diet at the supernlaintenanee plane 
of nutrit ion. 

Although not directly an energy conversion prob- 
lem, the investigations of Maynard  and eo-workers 
are of interest (9, 10, 11, and 12). Over a period of 
yea~,~ they have stndied the role, of fa t  in tile rat ion 
of the dairy eow and repor t  that  a eertain amount  is 
necessary in the rat ion for oI)timum milk production. 
When a low fat  ration was fed, there was a (tecrease 
in milk volume while a ration of higher fat  content 
usually produeed increased amounts  of milk of higher 
fa t  eontent. Maynard ,  MeCay, Williams, and Madsen 
(13) eonehuled that  a eoneentrate containing 4% fat  
ix sat isfactory if fed with good roughage and if sup- 
plied at the rate of l pound for every 3 to 3!(2 pounds 
of nlilk. In more recent work at the same institution, 
however, lmeas and Loosli (14) were unable to dem- 
onstrate  a direct dependenee of milk product ion on 
dietary fat. 

The pract ical  importance of d ie tary  fat  is perhaps  
best realized by  comparisons in the earlier work be- 
tween the 2 and 5% levels of fa t  intake as this range 
includes many  of our livestock feeds. The increased 
efficiency of utilization of energy of the 5% fat  diet 
as compared with the 2(;4 ̀ fat diet was much greater  
than that  of the 30c~ fa t  diet as compared with the 
5% fat  diet. 

The solvent method of extract ion of oils from va- 
rious feed concentrates is also of eoneern since this 
method results in a l)roduet of extremely low fat  
content. 

Summary 
The eftMeney of utilization of diets c o n t a i n i n g  

amounts  of fat  vary ing  from 2 to 30% has been in- 
vest igated in a series <>f metabolism studies using 
male albino rats  as experimental  subjects. 

All diets were eolnponnded in a maturer to make 
them equiealorie and to contain the same amounts  of 
I>rotein, vitamins, and minerals.  

,,Statistieally significant results were obtained for 
body gains of fat  and energy, and decrease in heat 
production,  in the order  of increasing fat  eontent of 
the diets in two 70-day body balance experiments  in 
eomparisons made between l i t ter-mate animals. 

The energy expense of utilization (heat inerement)  
of diets containing f rom 2 to 30~'~ fa t  varied f rom 
36 to 16c~, respectively, of the gross energy of the 
diets as determined in two exper iments  involving the 
I ia ldane respi ra tory  quotient procedure. The fa t  eon- 
tent  of the diet had little effect on nitrogen utiliza- 
tion, caused slight decreases in metabolizable energy, 
but was responsible for larger dcreases in heat pro- 
duetion as the level of fat in the diet increased. The 
fat therefore conferred economy of utilization of food 
energy. The time of day which the heat increments 
were measured wax eliminated as a possible factor  in 
the determinat ion of results. 

l)e(,reasing tile protein content of the diets fronl 
the usnal 22% level to 7% did not change previous 
results and again indicated a be t te r  utilization of the 
high fa t  diets as determined b y  the body balance 
method. Increased weight gains, including increased 
gains of fa t  and energy, and decreased heat produc- 
tion were assoe, iated with the high fa t  diet. 
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The portion of the heat production due to normal 
voluntary activity was folmd to vary  in a reciprocal 
manner  with the heat increlnent-- the lower heat in- 
crement of the high fat  diets being associated with 
more activity. 

A study was made of the variations in heat pro- 
duction and activity throughout  the clay. 
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Some Physical and ,Chemical Properties of Extraction Naphthas " 
A. ERNEST MacGEE, Skelly Oil Company, Solvents Division, Kansas City, Missouri 

A L T I I O U G I [  the physieal and chemical proper- 
ties of extraetion naphthas have been covered 
in considerable detail in previous papers (1, 2), 

the question of evaporation losses, per cent oil re- 
maining in the meal, and other plant performances 
as related to the solvent arc. being discussed rather 
f requent ly  by both technical and non-technical per- 
sonnel in an effort to account for extraction plant 
results. Accordingly, the following data are being 
presented wifll the view toward providing informa- 
tion on several of the eolnmercially available light 
petroleum naphthas of the hexane type in order that  
the characteristics of this type extraction solvent can 
be bet ter  urlderstood. 

I t  has been known for many years that the various 
petroleum naphthas, inclluting even the highly refined 
and comparatively narrow boiling range pentane, hex- 
ane, and heptane fractions that were introduced to the 
oil and fa t  industry in 1930, were composed of a num- 
ber of different chemical conqmunds. Also, it hmg 
ha,s bc, en known that each of these hydrocarbon com- 
pounds, even though closely related to the others, has 
a somewhat different boiling point, specific gravity, 
solvent aetiorl, and other IIroperties. Fur thermore ,  it 
long has heen known in the petroleum indust ry  that  
it is difiicnlt to assign percentage tigures for  the 
several naphtha eOllstituents even though many of the 
naphtha  fractions are composed of a half dozen or 
more different saturated hydrocarbon eonlpounds as 
well as small amounls of unsaturated hydrocarbon 
and sulphur  eomponnds. In fact, it only has been 
in comparatively recent years that laboratory ana- 
lytical procedures have been devised which permit  
the assignment of fa i r ly  accurate figures lo pcrCCllt- 
age emnposition of light petroleum naphtha  fraet ions;  
that  is, separating the several naphtha constitnents 
one from the other is still a difficult feat  to perforln, 
not only from a manufacturil~g standpoint but  also 
from a laboratory analytical  standpoint.  Based on 
past experience, different data for percentage eom- 
position of the commercial hexane type naphthas in 
Table I probably would be reported if they were 
almlyzed some six months f rom now when using a 
nmdification of the presently employed method or 

* Presented at 22nd annual  fall meeting, American Oil Chemists'  
Society, New York City, Nov. 15-17, 1948. 

some other method. Thcse things shouht be kept ill 
nlind constantly lly anyone at tempting to correlate 
extraction plant results with any given naphtha. 

An extensive investigation into the lnatter of pure 
hydrocarbons from Iletroleuln was conducted in 1943 
by John Griswold, C. V. Van Berg, and J. E. Kaseh 
(3) of the l; 'niversity of Texas, who utilized selective 
solvents and ehemieal reactions as wcll as effective 
fl 'aetionation in their  analytical technique for deter- 
mining the conlllosition of a eomnwrcial hexane frac- 
tion, namely Skellysolve-B. ]lowevcr, the data shown 
in Table I fro" chemical eolnposition of sewn'al com- 
mercial hexane type rmphthas were obtained (4) by 
the method developed by Gooding. Adams, and Rall 
and described in It. S. Bureau (If Mines " R e p o r t  P(/R 
44-009." In this method of analysis use is made of 
densities and refractive indices for  the lnereury "g" 
line and the sodium " I ) "  line, whidl are determined 
at 68~ for the various effectively fractionated por- 
tions of the hydrocarbon mixture. A reflux ratio of 
3(1 to 1 was used in a perforated-phm' Lvpe glass 
eolulnn having 55 theoretical and S0 actual plates in 
order to ohlain tlle narrow boiling range fractions 
for the various lneasurelnents. 

Although the A.S.T.M.D.86-46 nlethod ordinarily 
is used for  de|ernlining boiling range of rubber  sol- 
wmt naphtha, milwral spirits, motor gasoline, and 
other conlparatively wide boiling range n a p h t h a  
fractions, tile fl..S.T.~I. D.216-40 method for distil- 
lation of natural  gasoline was used for deterlnining 
the data in Tallle I[,  since it has heen found to be 
more satisfactory for analyzing the ra ther  volatile 
narrow boiling range fractions of the Ilentane, hcx- 
ane, and heptane type. Vohunetrie " recovery ,  resi- 
due, and loss"  data in these distillations are not 
shown since it  is considered that  they have little if 
any meaning from a practical standImint ill extrac- 
tion plant operations. For  example, dnring thc last 
stages of distillation, the eomponnds that make up 
the solvent are sift)jetted to higher temperatures  than 
those el,countered in a typical  extraction plant oper- 
a t i o n - lo ca l  telrtperatures that perhaps go as high as 
900~ because of super hea t ing - -wi th  the reslflt 
that  cracking and general decomposition take illaee 
with format ion of eonlpmmds that did not exist in 
the original solvent. 


