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equil ibrium there is an essentially r andom mixture  of 
glycerol, mono-, di-, and triglycerides.  The reaction 
cannot be driven to completion by adding an excess 
of glycerol, because of its l imited solubility. I t  ranges 
f rom 22.5% at 200~ to 40% at 250~ (28). Most 
commercial  monoglyceride mixtures  are p repared  at 
about 200~ with sodium hydroxide as catalyst  and 
contain 40 to 45% alpha  monoglycerides plus about  
4% beta monoglycerides. Mutual  solvents have been 
proposed to increase the monoglyceride content (29), 
but most concentrates are made by molecular ly dis- 
tilling mono- and diglyeeride mixtures.  The distilled 
products  have a monoglyeeride content of 90% or 
more. 

Phosphoric  acid has been recommended for  destroy- 
ing the alkaline catalyst  (30). The reaction should be 
halted before any  cooling occurs, otherwise glycerol 
will drop  out of solution and reduce the yield of 
monoglyeerides. 

Acidolysis plus Interesterification 
Fats  like coconut oil, which contain low molecular 

weight acids, may  be modified by displacing the short 
chain acids with longer chain acids (31). The reac- 
tion can be carried out under  reduced pressure in a 
vessel equipped with a f rac t ionat ing column through 
which the lower molecular weight acids are continu- 
ously removed as they are freed (32). The product  
has a random distr ibution of the remaining  acids. The 
usual h igh- temperature  interesterification catalysts are 
effective. A similar result  can be obtained by using 
monoesters instead of the free acids (32,33). 

Interesterif ieation and allied ester reactions are also 

used quite extensively in the manufac tu re  of paints  
and plasticizers. These applicat ions were reviewed by 
Formo in the 1954 A.O.C.S. Short  Course (34). 
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Dietary Fat and Heart Disease 
DOROTHY M. RATHMANN, George M. Moffett Research Laboratories, Corn Products Company, Argo, Illinois 

W 
[TH[N TIlE PAST FEW Yb'ARS all of us in the fats  
and oils indus t ry  have become acutely aware 
of the research indicating a relationship be- 

tween hear t  disease and die tary  fats. Besides the 
potential  effects on our markets,  these programs arc 
of vital  concern in ternls of the health of the nation, 
our families, and ourselves. 

This is a controversial  tel)it and an a(qive area of 
research. There are impor tan t  differe,wes between 
exper imental  animals and hmnan beings in the ways 
iu which blood vessels react  to the (tietary factors 
presumed to lead to atheroselerosis and heart  disease, 
Therefore available data are inconclusive to the ex- 
tent that  they provide at least some degree of suppcr t  
for each of several points of view. 

My purposes in the present  review are to outline the 
nature  of the evidence now available, to indicate the 
limitations in the data, and to discuss the interpreta-  
tions and hypotheses on which cur rent  clinical re- 
search is based. 

F i r s t  of all, there is no doubt that  fats  are excellent 
foods. They are highly concentrated sources of energy 
and contribute much to the enjoyment  we get out of 
our meals. As a mat te r  of fact  a certain amount  of fat  
is necessary to provide the essential f a t t y  acids which 

our bodies are unable to synthesize and, in addition, 
to (tarry into our tissues the fat-soluble vi tamins which 
are so imporlarl t  to health. Lipid  materials,  of which 
fats  are one class, are importarl t  consti tuents of all 
living (.'ells and life as we know it would be impossible 
without these f a t t y  materials.  Thus, there is no doubt 
that  fats are excellent foods. 

Ihlwew~r, recent clinical studies have clearly shown 
that  there arc impor tant  differences in the way in 
which our bodies metabolize fats  f rom different sources 
and that  these differences may  be associated with the 
development of coronary hear t  disease. 

Oue of the bits of evidence l inking hear t  disease with 
die tary  fats  has come fronl population and epidemi- 
clerical  studies. Statistics are being amassed in all 
par ts  of the world on local incidences of various dis- 
eases, the foods people eat, and the conditions under  
which they live. There are very  serious l imitations to 
the accuracy of such data  and consequently they must  
be in terpre ted  with caution. Fo r  example, medical rec- 
ords f rom the United States are not direct ly  compar-  
able to those f rom India  where few people ever see a 
doctor. In addition, reliable d ie ta ry  histories are dif- 
ficult to obtain so the informat ion available general ly 
relates to the quantit ies of food available in the mar-  
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kets ra ther  than to the amounts  actual ly  eaten by 
given individuals. Nonetheless, such statistics are 
valuable as guides in the p lanning of the clinical re- 
search f rom which we can expect to get the answers 
to our questions. 

Clearly evident f rom the statistics is an association 
of coronary hear t  disease with the prosperous way of 
life characterist ic of indust r ia l ly  advanced countries 
such as the United States. Fo r  example it would be 
possible to demonstra te  a fa i r ly  good correlation be- 
tween the incidence of coronary hear t  disease and the 
number  of television sets (50). No one has yet claimed 
that  the TV indus t ry  is responsible for  hear t  disease. 
Bu t  the pa t te rn  becomes clear when we remember  that  
television is a luxury .  The mere fac t  tha t  one can 
afford to buy  a TV set means tha t  he has some extra  
money which is not absolutely required in pay ing  for  
housing, food, and clothing. I t  means he has t ime 
enough to sit around and watch a TV p r o g r a m - - a n d  
incidental ly to have f requent  snacks while doing so. 
Thus TV is symbolic of a sedentary way of life with 
limited physical act iv i ty  and overeating. One conse- 
quence may  be obesity, long known to be a factor  asso- 
ciated with hear t  disease. 

The ul t imate answer as to what  causes hear t  disease 
is certain to be very  comph~x. I t  is a l ready apparen t  
tha t  almost every aspect of an indiv idual ' s  way of life 
is involved: how much and what  kinds of foods he 
eats;  the nature  of the stresses under  which he works 
and plays ;  whether  he gets much exercise or l i t t le;  
various aspects of his hormone balance and metabo- 
l ism; his personal habits  and reactions to environ- 
mental  pressures. While I do not mean to minimize 
any  of these other factors, the topic will be limited 
dur ing  the present  discussi<>n to d ie ta ry  fats  since 
this is the aspect of greatest  interest  to the present  
audience. 

At  first glance data fr<)m epidemiological studies 
seemed to indicate a correlation between per capita 
fa t  intake and the incidence of coronary hear t  disease 
(27,28,49). This was not too surpr is ing since fats  are 
concentrated foods, providing about 9 calories per  
g ram as compared to about  4 calories per  g ram of pro- 
tein or carbohydrate .  I Ience a high fa t  diet can very  
easily be a high calorie diet, favor ing gains in body 
weight. In  the Uni ted States where fa t  consumption is 
of the order of magni tude  of 40% of the total  calories, 
the incidence of hear t  disease is high. By  contrast,  
Japanese  who eat very  little fa t  seem to have a low 
incidence of hear t  disease. 

As a first approximat ion,  this correlation of fa t  
consumption with hear t  disease was useful. But  fur-  
ther  s tudy revealed tha t  this is not a simple associa- 
tion of hear t  disease with total  fa t  intake, as is illus- 
t ra ted  in F igure  1. Low fat  consumption may  coin- 
cide with low coronary  death rates, as in Japan .  I t  
is quite apparent ,  however, that  there is a t remendous 
var ia t ion at the high fa t  level. Fo r  example, the death 
rate  on 38% fa t  diets may  be a~ low as 200/100,000 
in Norway  or as high as 550 in Canada. 

Data  in F igure  1 would seem to indicate tha t  geo- 
graphical  areas fal l  into two groups with respect to 
the na ture  of the d ie tary  fat,  i.e., the rat io of sa tura ted  
to unsa tura ted  fats. a) When this ratio is low, it indi- 
cates tha t  the p redominant  food fa ts  are the more 
liquid types  of p lan t  or marine origin, such as olive, 
corn, soybean, cottonseed, or fish oils. Coincidentally, 
coronary  death ra te  is compara t ive ly  low even though 
the total  fa t  consumption may  be very  high. b) Where  
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Fro. 1. Death rate from coronary heart disease compared 
with total fa t  intake and the nature of dietary fats  in various 
countries. Drawn from data tabulated by Jolliffe and Archer 
(24) for men aged 55-59 years. 

the ratio of sa tura ted  to unsa tura ted  fa ts  is high, the 
predominant  food fats  are of animal  origin, such as 
butter,  cream, and meat  fats, or are hydrogenated 
oils. In  these areas, the coronary death rate  is high. 
F rom Figure  1, one might  conclude tha t  the critical 
ratio is somewhere between 2 and 4. t Iowever  a great  
deal more research must  be done before the most de- 
sirable ratio can be defined. The fact  that  data  for 
the United States appear  to be out of line fu r the r  
emphasizes that  many  factors, in addit ion to fats, 
are involved. 

Recently Jolliffe and Archer  (24) made a detailed 
analysis of internat ional  statistics in terms of coro- 
na ry  death rates and composition of diets in relation 
to total  daily calories, total  fat,  sa tura ted  fat, unsatu- 
rated fat,  and animal p ro t e in - - a s  well as te lephones- -  
per  100 inhabitants.  They  concluded that  the intake 
of sa tura ted  types of fats  was the most impor tan t  vari- 
able in accounting for  differences in coronary  death 
rates between countries. The next most impor tan t  
variable was the intake of animal  protein. Bronte- 
Stewart  (9) has likewise pointed out tha t  the ratio 
of hard  to liquid fats  in the diet may  be a more impor- 
t an t  factor  than  total fa t  intake. 

However,  as was noted earlier, there are some seri- 
ous inherent  deficiencies in data of this type. I t  is 
impor tan t  to remember  tha t  these data have given 
valuable leads to the role of d ie tary  fats  in the eti- 
ology of hear t  disease, bu t  the hypothesis mnst  still 
be exhaustively tested by  careful ly  controlled clinical 
and biochemical studies. 

Careful  examinations of arteries taken at antopsy 
have yielded valuable clues about stages in the devel- 
opment  of hear t  disease. In  examining tissues f rom 
cases of fa ta l  coronary attacks,  the pathologist  more 
often than  not finds extensive deposits of lipids in the 
walls of the blood vessels. These deposits are known 
as a theromatous  plaques and the condition is ather- 
o~,elerosis. The predominant  lipid in these plaques is 
cholesterol. How it gets there and why it accumulates 
are questions under  intensive investigation at the 
present  time. 

As is evident f rom F igu re  2, f a t t y  deposits ( f a t ty  
streaks) in the blood vessel walls occur f requent ly  
even in very  young children in this country.  The 
number  and extent of these f a t t y  streaks increases 
sharp ly  in the male dur ing  adolescence. Later ,  plaques 
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Fro. 2. Aortic atherosclerosis in white males in New Orleans. 
Average percentage of surface covered by fa t ty  streaks and 
fibrous plaques in 162 cases (23).  

overlaid with fibrous mater ial  begin to appear,  pre- 
sunmbly at  sites of earlier f a t t y  streaks. Even tua l ly  
the plaque may  ulcerate and perhaps  become the locus 
for  a blood clot. While this is the na tu ra l  history of 
the lesion, the severi ty of atherosclerosis in a given 
individual  is not necessarily a good index of his chances 
of having a heart  attack. All we can say is that  clini- 
cal symptoms are usual ly  associated with extensive 
atherosclcrosis. 

The impor tan t  point  for the present  discussion is 
that  autopsies done in countries like Guatemala  (17), 
whcrc incidence of atherosclerotie hear t  disease is 
low, indicate fa r  fewer f a t ty  streaks than are shown 
in F igure  2 and a much later  appearance  of fibrous 
plaques. As was noted above, these are the regions 
where diets are p redominant ly  vegetarialh low iu fat, 
or relat ively poor in sa tura ted  fats. 

While no one yet knows how or why these choles- 
terol-rich atheromatous plaques form, it is noteworthy 
as is shown in F igu re  3, that, on an average, above 
normal  concentrations of cholesterol in the blood arc 
associated with atherosclerosis and coronary heart  dis- 
(,asc (15,18,26,31,33,38,43,44). Furthermor(~ the aver- 
age serum cholesterol level of Americans  is fa r  above 
the average of peoples in nations where the inciden('e 
of coronary  heart  disease is low (8,10,26,27,28,40,45). 
,~ignifica,ltly, in the few instances when it has been 
l)ossibh~ to induce myocardia l  infarctio,l  (i.e., a con- 
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]?IG. 3. Average serum cholesterol values at  w~rious ages in 
normal subjects  and pa t ients  with coronary "trtery disease (41).  

dition analogous to coronary  hear t  disease) in experi- 
mental  animals, this has been achieved by  the use of 
diets which contained all of the factors  acting to keep 
serum cholesterol concentrat ions at a high level over 
an extended period of t ime (19,47). 

I n  spite of these implications it must  be emphasized 
that  the association of elevated serum cholesterol lev- 
els with coronary  hear t  disease is as yet  merely  a work- 
ing hypothesis. I t  is not an established fact. There is 
absolutely no way of predic t ing f rom a single deter- 
minat ion of an indiv idual ' s  serum cholesterol level 
whether or not he has or is a candidate for  coronary  
heart  disease. Nonetheless the association is impressive. 
As a result, for  m a n y  years,  doctors have recognized 
elevated cholesterol levels as a danger  signal and have 
adopted various means of br inging the cholesterol lev- 
els back to normal.  

Studies of large populat ion groups indicate that  
three factors  show up repeatedly  in association with 
hear t  disease, namely  obesity, elevated blood pressure,  
and elevated serum cholesterol level. Da ta  f rom one 
such s tudy  are summarized in F igure  4. Dur ing  the 
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FIG. 4. ]ncidcnec of deaths front :~therosclcroti(~ hc,  rt dis(rose 
among men :tgt~(I 45-62 ye;~rs in rehttion to I)lood l)rc.s.~ure, 
weight, and surunt cholesterol h!vcl (13).  

period of this s tudy  there wcrc only 10 new hear t  
(r for every 1,000 illdividuals iu whom blood pres- 
sure, weight, a~l(l serum cholesterol level were all  
normal  or low. Whoa jus t  one of these values was 
high, the numbcr  of new hear t  at tacks was 79 but  
when two werc high the ra te  was 143--more  than 14 
times greater  than among the normal groul). 

Of these three factors, weight and cholesterol levels 
are easily affected by what  and how much ouc cats. 
If  more food is eaten, tha t  is, more calories arc in- 
gested than arc needed for  physical  activities a[~d the 
maintenance of body functions,  the excess is stored 
as fat.  Although this f a t  is derived f rom all classes 
of foods- -carbohydra tes  and proteins as well as f a t s - -  
fats  are f requent ly  the culpr i ts  in obesity since they 
have the highest caloric value. For  this reason, most 
reducing diets are planned to contain very  little fat-  
rich foods such as cream, pastries, and fr ied foods. 
As will be seen later, this restriction has the extra  
benefit for a coronary-prone person of decreasing the 
intake of the more sa tura ted  types of fats. 

Once again it should be emphasized tha t  diet is only 
par t  of the story. Physical  activity, emotional stress, 
hormone balance, and m a n y  other factors  also may  
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T A B L E  ]: 

A v e r a g e  Dai ly  F a t  Use  in U n i t e d  Sta tes  in  1955 a 

Food g roup  

Beef ,  veal,  l amb .................................................................................................... 
P o r k  ( excep t  bacon,  sal t  p o r k )  ............................................................................ 
Pou l t ry ,  f ish .......................................................................................................... 
Bacon ,  sa l t  p o r k  ................................................................................................... 
L a r d  ...................................................................................................................... 
O the r  s h o r t e n i n g s  ................................................................................................. 
Oils, s a l ad  d r e s s i n g s  ............................................................................................. 
M a r g a r i n e  ............................................................................................................. 
B u t t e r  .................................................................................................................... 
Millk, c r eam,  ice c ream,  cheese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g g s  ...................................................................................................................... 
O the r  foods (purc l lascd  baked goods,  nuts ,  f ru i t s ,  vegetables ,  etc.) ................ 

F a t  
( g r a m s )  

22.1 
15.1 

4.4 
13.4 

.(}.2 
9.0 
9.3 

10.4 
10.6 
28.0 

5.6 
18.0 

S a t u r a t e d  

11.0 
6.0 
1.2 
5.4 
3.7 
2.2 
1.9 
2.6 
7.0 

18.5 
2.0 
3.6 

F a t t y  acid  ( g r a m s )  

Oleic 

8.8 
7.6 
1.6 
6,7 
4.6 
5.8 
2.8 
6.4 
2.9 
7.6 
2.5 
9.0 

Linole ic  

0.4 
1.5 
0.8 
1.3 
0.9 
0.7 
4.6 
0.8 
0.4 
1.0 
0 .4  
3.6 

L / S S  

0.04 
0.25 
0.67 
0 .25 
0 .24 
0.32 
2.40 
0.31 
0 .06 
0.05 
0 .20 
1.0 

Tota l  .............................................................................................................. 155.1 65.1 66.3 16.4 0.25 

P e r  cent  of total  calor ies  ..................................................................................... 43.6 18.3 ] 8 . 6  4.5 ...... 

a B a s e d  on da ta  f r o m  i n d i v i d u a l  d i e t a ry  h i s to r ies  ( 4 8 ) .  
b W e i g h t  of l inoleie acid  d iv ided  by  w e i g h t  of s a t u r a t e d  acids .  

affect scrunl cholesterol levels, l [owever  research of 
the past  10 years leaves no doubt tha t  d ie tary  fa t  is 
o)~e of the most impor tan t  factors  al~d tha t  its effect 
is related to its composition. Fa ts  which are rich in 
po lyunsa tura ted  f a t t y  acids, specifically linoleic acid, 
characteris t ical ly act to decrease serum cholesterol 
levels whereas fats  which are rich in the sa tura ted  
f a t t y  acids raise the cholesterol levels. In  fact, several 
equations have been derived which are reasonably 
successful in predic t ing the effect of a given fa t  mix- 
ture  f rom the distr ibution of the f a t t y  acids (2,30). 
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F I G .  5. A v e r a g e  p l a s m a  c h o l e s t e r o l  l e v e l s  i n  g r o u p s  o f  s u b -  
j e c t s  r e c e i v i n g  l i q u i d  f o r m u l a  d i e t s  c o n t a i n i n g  e i t h e r  n o  f a t ,  
b u t t e r ,  c o r n  o i l ,  o r  a m i x t u r e  o f  c o r n  o i l  w i t h  b u t t e r  a s  t h e  
i n d i c a t e d  p r o p o r t i o n  o f  t o t a l  c a l o r i e s  ( 6 ) .  

This conclusion is based on data  f rom clinical stud- 
ies under  a wide var ie ty  of conditions. Fo r  example, 
F igu re  5 summarizes some of the results when groups 
of subjects  were given a fat-free l iquid formula  diet, 
which was essentially a mixture  of skim milk and sim- 
ple carbohydrates ,  as the only food and then were 
given similar diets in which pa r t  of the carbohydra te  
was replaced by  butter ,  corn oil, or a mix ture  of these 
fats. There was the expected fall  in cholesterol values 
dur ing  the fat-free diet period. When  30% of the 
calories were derived f rom but ter ,  serum cholesterol 
levels rose. However  with corn oil the cholesterol 
levels continued to fall  below values dur ing  the fat-  
free per iod even though corn oil supplied 60% of the 
calories, i.e., the level fell even though this was a high 

fa t  diet. At  the high fa t  level, corn oil was only 
moderate ly  effective in counteract ing the action of 
butter .  
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F I G .  6. E f f e c t s  o f  d i e t a r y  f a t s  o f  v a r i o u s  l i n o l e i c  a c i d  con-  
t e n t s  o n  h u m a n  s e r u m  c h o l e s t e r o l  v a l u e s  i n  c o m p a r i s o n  w i t h  
t h e  e f f e c t  o f  c o r n  oi l .  : B a s e d  o n  s t u d i e s  w i t h  l i q u i d  f o r m u l a  
d i e t s  r e p o r t e d  b y  A h r e l l s  e t  a l .  ( 1 , 2 ) .  

In  F igu re  6 are summarized the serum cholesterol 
responses found in a series of clinical tests in which 
single fa ts  were fed in liquid formula  diets. In  this 
series, corn oil was the s tandard  against  which other 
fa ts  were compared. The length of the bar  for  corn 
oil indicates tha t  the cholesterol level in a given sub- 
ject  on the formula  diet containing corn oil was highly 
reproducible within _ 5 % .  I t  is apparen t  tha t  all oils 
containing a high propor t ion of linoleic acid behaved 
like corn oil. Fa t s  yielding 10% or less of linoleic acid 
tended to raise cholesterol values. Thus but ter ,  beef 
tallow, and coconut oil, for example, had effects oppo- 
site to tha t  of corn oil. 

On the basis of the available data, it is not possible 
to state how or why d ie ta ry  fa ts  have such different 
effects. A t  present  we know only that  a diet contain- 
ing a high ratio of po lyunsa tura ted  to sa tura ted  f a t ty  
acids will decrease serum cholesterol levels in the ma- 
jor i ty  of individuals. This is t rue  whether  the diets 
are l iquid formulas  exclusively (1,2,4,20), low fat  
diets to which are added selected oils (3,35,36), or 
reasonably normal  diets containing a va r ie ty  of cooked 
foods selected and prePared  so as to supp ly  more 
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low fa t  diet and a vegetable oil diet (11).  

polyunsa tura ted  than  sa tura ted  f a t t y  acids (11,12, 
25,32,37,39). 

The activities of the fa ts  have been ascribed to total  
unsa tura t ion  (1,2), content of linoleic acid (31,32,42), 
relative proport ions  of sa tura ted  and polyunsa tura ted  
f a t t y  acids (30), and content of sterols and other 
unsaponifiables (5,6). However  none of these is a 
completely adequate pa ramete r  for  defining the effect 
of a fa t  on serum cholesterol since other components 
of the diet are also involved. Perhaps  it is significant 
that  in some studies linoleate-rich oils have been found 
to promote the excretion of cholesterol metabolites 
parallel  to the decrease in the concentrat ion of cho- 
lesterol c irculat ing in the blood, whereas more satu- 
rated fats  had the opposite effect (16,21,22,34). 

Granted  tha t  fats  differ in effects on serum choles- 
terol levels, what  does this mean in te rms  of Ameri-  
can food habits? As is evident f rom Table I, the 
average American  diet provides about  40% of the 
~.alories as fat ,  p redominant ly  of animal  origin and 
oils hardened by hydrogenation.  Thus the ratio of 
li~oleic to sa tura ted  f a t t y  aeids is only about  0.25. 
In other words, this is jus t  the sort  of a diet which 
has been found in clinical studies to produce high 
lcw+ls of cholesterol in the blood. As F igure  1 showed, 
this is also the type  of diet associated with a high 
incidence of hear t  disease. 

Since there is some basis for  believing tha t  high 
blood cholesterol levels are related to the develop- 
ment  of coronary  disease, it obviously follows that  
we might  be wise to consider ehmlging the American 
<liet to decrease the intake of saturated f a t t y  acids 
<>r, conve r se ly ,  to i nc rea se  the  p r o p o r t i o n  of the  
polyunsaturates .  

The desired effect cannot be achieved merely  by 
adding polyunsa tura ted  vegetable oils to an a l ready 
abundant  fat-rich diet. I n  such a regimen, any  bene- 
ficial effects f rom unsatura tes  eouht be completely 
submerged by the increased caloric intake. 

For  m a n y  years clinicians have been recommending 
that  their  hypercholesterolemie pat ients  adopt  a low 
fat  diet. In  effect, this means cut t ing out most of the 
da i ry  and meat  products  since these are the main 
sources of f a t  in the normal American diet. I~ow fa t  
diets can be effective in br inging serum cholesterol 
levels down to normal  as was i l lustrated in F igure  5. 
ITnfortunately such diets are highly restr icted and 

most of us would rebel against  eat ing them day in 
and  day  out for  the rest of our lives. I t  is encourag- 
ing, therefore,  to note tha t  in recent  clinical studies 
serum cholesteroI levels have been effectively lowered 
with diets containing appreciable amounts  of fat,  
provided this is rich in polyunsaturates ,  pa r t i cu la r ly  
linolcates. 

A typica l  example is shown in F igure  7. I n  this 
hypercholesterolemic individual,  the low fa t  diet had 
only a moderate  effect on the cholesterol level. How- 
ever the level was much lower when the diet contained 
an appreciable  amount  of a po lyunsa tura ted  fat,  in 
this case, cottonseed oil. As would be expected, not 
every individual  shows exactly this response. In  some 
cases, even a modest  change in diet can cause a p r o m p t  
change in serum cholesterol level. In  other eases, 
changes occur more slowly or only a f te r  quite exten- 
sive diet modification. A p p a r e n t l y  the vegetable oil 
diet is most effective in lowering cholesterol levels in 
pat ients  having  high serum levels of both cholesterol 
and tr iglycerides (12). 
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bible oil (liet for  one ye:tr (35).  

Typical  var ia t ions in individual  responses to a corn 
oil diet arc shown in F igure  8. In  these eases, con- 
sumptiozl of meat  and da i ry  products  was restr icted 
so the diet was essentially a low fat  one to which was 
added corn oil as a shortening and salad drcssing 
and in the forms of a tablespread, filled milk, " i ce  
e r e a m "  and " c h e e s e . "  This diet caused a pr(>mpt 
fall in the serum cholesterol level followed by a re- 
bound and establishment of a new level apprec iably  
below that  obse rwd when the pat ient  was o~2 a "nor -  
r ea l "  diet. I t  is noteworthy tha t  this new level was 
mainta ined for at least a year.  

In  brief, then, clinical studies have proved that  lhe 
composition of tim die tary  fa t  influences the a m o u m  
of cholesterol circulat ing in the blood. Polyunsa tu-  
ra ted vegetable oils, such as corn, cottonseed, safflower, 
and soybear,, give lower eholesteroI levels than do the 
more sa tura ted  fats  of animal  origin. Fish fa ts  appea r  
to have the same effect as the vegetable oils. The pic- 
ture with respect to hydrogenated fats  is not clear but 
the indicatio~s are that  hydrogenat ion can marked ly  
decrease the effectiveness of an oil (9,29,35). The 
rat io  of po lyunsa tura ted  to sa tura ted  f a t t y  acids ap- 
pears  to be the critical factor,  r a ther  than the abso- 
lute amounts  of these components in the diet. 
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I n  p lanning  diets fo.r clinical studies, the guiding 
principles have been: replacement  of a port ion of the 
more sa tura ted  fa ts  with po lyunsa tura ted  vegetable 
oils with a s imultaneous reduction in total fa t  intake, 
and, if  necessary, reduct ion in total  caloric intake 
(7,11,12,18,25,26,32,37,39,40,45,46). In  other words 
there has been a subst i tut ion of one type  of fa t  for  
another,  ra ther  than addit ion of a new fa t  and, hence, 
no drast ic change in normal  d ie tary  habits. Whether  
or not this modification will have a desirable effect on 
the development of coronary  hear t  disease is a mat te r  
that  can be determined only a f te r  many  years  of 
s tudy  of such diets. Several large studies of this 
type are cur ren t ly  in progress and, al though no 
definite conclusions are yet  possible, the t rend seems 
to be toward a lower incidence of new hear t  cases in 
the vegetable oil diet group. 

Regardless of what  these studies eventually prove, 
it seems obvious tha t  the tendency in the United 
States is going to be toward a less rich diet, if only 
to control obesity. Fa t s  are the most concentrated 
sources of calories and are added in large quantit ies 
dur ing  food prepara t ion ,  lit is reasonable to believe 
tha t  the use of tablespreads,  shortenings, and the like 
could be cut apprec iably  without  mltr i t ional  loss and, 
in fact, with a possible benefit. The present  American 
diet containing 40'% of calories f rom fa t  is unneces- 
sar i ly  rich and the tendency at  present  would seem 
to be toward recommending a fa t  intake of 25 to 30% 
of the total  calories. 

iV[embers of the fats  and oils indus t ry  know, of 
course, tha t  there are impor tan t  differences in short- 
ening value, stabili ty,  and so forth,  between the or- 
d inary  animal  fats, the hydrogenated  oils, and the 
na tu ra l  edible oils. Recent ly  it has become obvious 
there are also impor tan t  nutri t ional  differences which 
can be related to f a t t y  acid composition. 

The evidence now indicates tha t  the time is ap- 
proaching when diet p lanning  will include a balanc- 
ing of the f a t t y  acids jus t  as we a l ready balance amino 
acids, vitamins,  and minerals  to ensure that  intakes 
of all essential ones arc adequate.  I t  seems probable 
tha t  the present  Amer ican  diet has too low a rat io 
of linoleic to sa tu ra ted  f a t t y  acids and would be im- 
p.roved by  a cut in total  f a t  calories with an increased 
use of the unhydrogena ted  vegetable oils in place of a 
port ion of the more sa tura ted  solid fats. 

In  par t icu lar  we are becoming increasingly aware 
of the unique value of linoleic and other polyunsatu-  
ra ted  f a t t y  acids. There now seems little doubt that  
these are very  impor t an t  consti tuents of the fats, f a r  
too valuable to be destroyed by  such processes as hy- 
drogenation.  Recognizing the requests of nutr i t ion- 
ists for  higher l inoleate-content shortenings and mar-  
garines, m a n y  companies in the indus t ry  have been 
working on the development  of such products  and 
several are a l ready in the markets.  

Because the immedia te ly  obvious meri ts  of such 
new products  are related to the cholesteroI problem, 
a recent  s ta tement  of the Food and Drug  Adminis-  
t ra t ion  (14) deserves comment. This  states in par t :  
" T h e  role of cholesterol in hear t  and a r t e ry  diseases 
has not been established. A causal relationship be- 
tween blood cholesterol levels and these diseases has 
not  been proved. The advisabil i ty of making extensive 
changes in the na ture  of the d ie ta ry  fa t  intake of the 
people of this count ry  has not been demons t ra t ed . "  

This is a laudably conservative version of the same 
conclusions reached in the present  discussion. Un- 

fo r tuna te ly  this rul ing has been in te rpre ted  in many  
quar ters  as a) discredit ing all the evidence that  vege- 
table oils do differ f rom animal  fa ts  in effects on 
serum cholesterol levels and b) discounting indica- 
tions f rom clinical and epidemiological studies that  
coronary-prone individuals may  be benefited by diets 
lower in sa tura ted  fats. Such an in terpre ta t ion  is 
not in accord with the facts. Many clinicians are 
convinced that  the evidence is impressive enough to 
war ran t  large-scale test ing and that,  meanwhile, the 
p ruden t  coronary-prone individual  is well advised to 
nmke some changes in his diet with respect to fats. 
The in terpre ta t ion  pu t  on the F D A  sta tement  has to 
some extent  tended to hamper  development of new 
high-linoleate food products  just  at the t ime when 
these are most needed for  clinical study. 

Of course if  foods are to have a higher linoleic to 
sa tura ted  f a t t y  acid ( L / S )  ratio there will be shelf- 
life problems. The linoleate-rieh oils na tura l ly  oxi- 
dize or become rancid more rap id ly  than do the more 
saturated,  linoleate-poor fats. I t  is well known that  
f rom a nutr i t ional  point  of view rancid fats  have 
several undesirable properties.  Thus, if a higher L / S  
rat io is desirable, new ways  may  have to be found to 
stabilize foods containing these fats, perhaps  with new 
ant ioxidants  or new packaging materials.  As you well 
know, this is going to be a complex problem because 
the edible oils va ry  widely in stability. Fo r  example 
refined soybean oil reverts  easily whereas refined corn 
and cottonseed oils are quite stable, p resumably  be- 
cause of their  high toeopherol contents. 

Summary 
So fa r  as the indus t ry  is concerned, the evidence 

indicat ing a relationship of d ie tary  fa t  to heart  dis- 
ease presents some interest ing challenges. Undoubt-  
edly it  por tends  a change in the fa t  cousumption 
pa t t e rn  toward a lower per capita use coupled with a 
shif t  f rom solid fa ts  toward a higher proport ion of 
edible oils. Most impor tan t  of all, however, is the 
growing recognition tha t  fats  and oils are nutri t ion- 
ally valuable foods, in t imate ly  related to health and 
well-being, and should by  no means be regarded 
merely as a source of calories. 

Al though there are innumerable  factors  involved in 
the etiology of hear t  disease, d ie ta ry  fa t  is an impor- 
tant  one and for tuna te ly  is one that  can be modified 
in whatever  way proves desirable. Because the more 
sa tura ted  types of fa ts  lead to higher serum choles- 
terol levels than do the polyunsa tura ted  oils, and 
because cholesterol is somehow involved in the course 
of atheroselerotic hear t  disease, clinical tests are now 
in progress to determine whether  prolonged use of a 
diet rich in these oils will lead to fewer hear t  attaek~ 
than  does the usual Amer ican  diet rich in sa tura ted  
fats. So far,  data  are encouraging enough to meri t  
recommendat ion of the modification in d ie ta ry  fa t  to 
the coronary-prone individual  and to jus t i fy  devel- 
opment  of new high-linoleate fa t  products  by  the 
industry.  
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A Nutritive Evaluation of Over-Heated Fats 
E. E. RICE, C. E. POLING, P. E. MONE, and W. D. WARNER, 
Research Laboratories, Swift and Company, Chicago, Illinois 

According to the tests use0, harmful substances tie not 
occur in fried foods or in fats used in preparing foods. It is 
possible to obtain biologically undesirable materials by exces- 
sively heating and/or oxidizing fats in the laboratory, but the 
conditions required for the production of.such materials differ 
greatly from those used in practical cooking or processing of 
foods. There appcars to be no reason to believe that fats arc 
mttrition'dly damaged when handled by nornmlly-accepted 
goed pr:lctice in present-day food preparation. 

F 
IATS ARE IMPORTANT and essential in the diet. 

They are not something we can take or leave 
Mone ; they provide energy, supply essential fat ty 

ae, i(ls, car ry  fat-soluble vitamins, improve flavors, 
mo(lify textures, and add satiety values to meals. 

Much of their uti l i ty depends upon their stability 
to heat. In  f ry ing  operations they prevent  sticking 
and transfer  heat from hot surfaces to food. The 
stability of fats at high temperatures (up to 200~ 
in some f ry ing operations) invites repeated or con- 
tinuous use, and questions have been raised concern- 
ing the nu t r i t i ve  value and wholesomeness of fats 
after long usage. Some data in the scientific litera- 
ture show that undesirable changes occur in fats if 
they arc heated in the laboratory to ifigh tempera-. 
tures for long periods or if they are subjected to 
severe oxidizing conditions. Other reports indicate 
that fats which have been used for prolonged com- 
mercial or home cooking retain their nutri t ive vahle 
and remain wholesome. 

There are two major  reasons why food technolo- 
gists handling fats should be familiar with this 
subject. The nutrit ive values of fats at all stages of 
processing and use should be known, and there are 
significant and frequently adverse public relation 

aspects which naust be handled. 1)nblicity problems 
usually arise from misinterprelatious or from un- 
justified extrapolations of laboratory fiudiugs. Even 
though the implied t;ffct,ts may m)t be true, head- 
lines such as " T h e  C;ireinogenie Action of Heated 
Fats  and Lipo ids"  ( l )  cannot be considered ill the 
best interests of the fat  industry. Tile facts must be 
known in order to understand tile problems and to 
combat misleading reports or inferences. 

I t  is not our btteutiou to review this subject ex- 
haustively. Instead we plan to consider published 
and unpublishcd research findings whic, h indicate 
typical changes lhat can occur in food fats dur ing 
laboratory treatments or cooking procednres and to 
contrast the findillgS with those obtained when food 
fats are tested. Noncritical review of tile st.ientifie 
literature relating to heated fats can lead to very 
erroneous conchlsions since reports show that it is 
possible to mistreat fats experimentally with suffi- 
cient heat and /o r  oxygen to cause, when the abused 
fat  is fed to test animals, retarded growth, poor feed 
efficieneies, rough, greasy matted coats, diarrhea, star- 
vation, enlarged livers and kidneys, abnormal fat 
depots, impaired C,lZymatic ftmctions, atmormal water 
metabolisnl, papillonlas and other growth f(/rmations, 
and shortened life spans. 11l extreme cases animals 
may die in a few days after severely abused fats have 
been fed. There is thus no question whatsoever that 
fat  can be damaged by purposeful  abuse. The crit- 
ical question is: " a r e  fats damaged during process- 
ing or cooking opera t ions?"  To answer that question 
we must examine some of the conditions which pro- 
duce the effects listed above. They may have been 


