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Newer Concepts of the Role of Essential Fatty Acids I 
ROSLYN B. ALFIN-SLATER, Department of Biochemistry and Nutrition, University of 
Southern California School of Medicine, Los Angeles, California 

T 
HE RECENT INTEREST in the possible role of un- 
sa tura ted  f a t t y  acids in the regulation of serum 
cholesterol leVels has st imulated a great  deal of 

research to determine whether  a relationship between 
essential f a t t y  acids and cholesterol metabolism exists 
and, if  so, to unders tand what  this relationship is. 

The  c o n n e c t i o n  be tween  
essential f a t t y  acids and 
cho les t e ro l  is no t  a new 
idea but  was suggested as 
ear ly  as 1923, when Bloor 
(6) in his studies of un- 
s a t u r a t e d  f a t t y  ac ids  in 
the plasma of var ious  spe- 
cies of animals  found that  
these unsa tura ted  f a t t y  ac- 
ids existed mainly  in com- 
bination with cholesterol. 
Bloor (7) and other work- 
ers (10, 20) extended these 
o b s e r v a t i o n s  a n d  f o u n d  
that  the unsa tura ted  f a t ty  
acid ester--cholesterol  lin- 
o lea te- -was  the chief ester 
of cholesterol in the plas- 

Roslyn Alfin-Slater ma. Linoleic acid cannot 
be synthesized by the ani- 

mal body, but  it is necessary for  growth and main- 
tenance of normal�9 body processes and is therefore 
called "e s sen t i a l . "  Three f a t t y  acids are classified 
in this way:  linoleic acid, linolenie acid, and arachi- 
donic acid. 

The functions of essential f a t t y  acids are not as 
yet completely known. Essential  f a t t y  acids are nec- 
essary for  growth (15), reproduction,  and lactation 
(16, 17, 18, 25) in the rat.  The lack of essential f a t ty  
acids in the diets of ra ts  causes them to be more 
susceptible to X- i r r ad i a t i on  in ju ry  (11, 14). The 
absence of essential f a t t y  acids f rom the diet also 
produces a deficiency syndrome characterized by  cap- 
i l lary f ragi l i ty  (21), increased skin permeabi l i ty  
(26), a typical  eye condition, scaliness of the paws 
and tail (9), alopecia, and a pla teau in weight. Lev- 
eling off in weight and growth is caused by  reduction 
in the number  of bone pro l i fe ra t ing  cells (5).  As an 
example, normal ly  in the proximal  head of the tibia 
(F igure  1) there is a wide section composed of colum- 
nar  cells in which cell division occurs. This cell divi- 
sion is responsible for  the growth of the bone. In  the 
fat-free animals  this area is markedly  reduced. In  

Contribution No. 438 from the H a r r y  J. Oeuel Jr .  laboratory. 

addition, in the fat-free animal  at the diaphyseal 
border  there is a thin layer  of bone sealing off the 
epiphyseal  plate, and in the diaphysis there is a loss 
of bone cells, which is replaced by  fa t  globules. 

I n  1953 a fu r the r  result  of E F A  deficiency was 
repor ted f rom this laboratory  (1).  Male rats  had 
been placed on a diet of 16-20 weeks, adequate  in all 
respects but  deficient in fa t  and therefore deficient 
in essential f a t t y  acids. 2 The rationale was that  the 
ra ts  were able to synthesize any  fa t  they require, with 
the exception of essential f a t t y  acids, f rom the two- 
carbon f r agmen t  which is formed as a result  of carbo- 
hydra te  and protein metabolism. On autopsy these 
rats  were found to have abnormal  deposits of cho- 
lesterol in certain tissues of the body (Table I ) ,  
increased amounts  of cholesterol in liver and adrenal,  
and slightly decreased amounts  in the plasma. The 
l iver was f a t t y  in appearance.  Histological sections 
of the liver confirmed the analyt ical  results and 
showed abnormal  deposits of fa t  and a depletion of 
glycogen. Sections of the adrenal  also showed in- 
creased deposition of fat, but  a decrease in the area 
of the cortex (5).  

The most s t r iking effect of E F A  deficiency was 
noticed in the gonadal tissue. Degenerat ion of sper- 
matic development was a common alteration observed 
in EFA-def ic ien t  animals. In  the epididymis the 
lumens of the ducts are filled with mature  sperms 
in the control animals, but there is alnlost a com- 
plete loss of sperms in the lumen of the ducts of the 
EFA-deficient  animals. In  the testes themselves a 
depletion of E F A  produces a degeneration of the 
tubules and a loss of matura t ion  of the p r imary  sper- 
matogonial  cells (5).  

~The fat - free  d ie t  cons i s ted  of 20.0% casein, 70.7% sucrose, 4.0% 
salt  mix, 4.0% cellulose and fat-soluble and water-soluble vitamins in  
a d e q u a t e  amounts. When fat  w a s  added  to the  diet,  it  w a s  done  at  t h e  
expense of carbohydrate. 

Diet Exl~p. 
No. 

3 

4 

5 

6 

12.5% fat  

Fat-free 
(u 

case in )  

Fat-free 
( Commercial 

casein) 

TABLE I 

The Effect of a Diet Deficient in Fat on Cholesterol  Levels  in 
Various Organs of the  R a t  

~0. of 
rats  

10 
9 

8 

7 

1O 

9 

Mg. cholesterol/g. 

Liver 

2.04 
2.08 

3.15 

4.06 

4.72 

4.24 

Mg. 
cholesterol  
per 100 ml. 

Adrenal Plasma 

35.4 55.6 
35.3 63.2 

48.9 38.4 

50.4 50.4 

49.3 41.1 

46.2 44.9 
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]~kcr 1. P r o x i m a l  e p l p h y s e a l  r e g i o n  of t h e  t i b i a .  
1. Ra t  fed P u r i n a  Chow, 20 weeks; width of epiphyseal cartilage, 2. Rat  fed fat-free diet, 20 weeks;  150 re. Note the decrease in the 

]82 re. Note the four zones of the cartilage, especially the prol iferat ing number  of cells in all regions, especially the prol iferat ing region with a 
region (E.C.) ,  which is characterized by the parallel columns of cells, relative increase in the amount of intercellular matrix.  There is a loss 
The trabeculae of the diaphysis are long and slender, of trabeculation projecting into the diaphysis and sealing off by a thin 

layer of bone prevent ing fur ther  growth. I n  addition, there i s  a re- 
placement of the myeloid elements by adipose tissue. 

E XPERIMENTS per formed in this labora tory  have re- 
sulted in the observation that  the liver reflects 

changes in cholesterol metabolism much more sensi- 
t ively than  does plasma. Plasma cholesterol levels in 
the ra t  are resistant  to change; a more detailed ex- 
aminat ion of the liver lipide values is shown in Table 
I I .  In  spite of the fact  that  the diet of the rats  was 

TABLE I I  
The Effect of a Diet Deficient in Fa t  on Cholesterol and 

Lipide Levels in Rat  Liver  

Diet 

12.5% fat  

Fat-free 
( Vitamin-test  

casein) 

Fat-free 
(Commercial 

casein) 

Liver  

~I~oP. ' % of body 
weight  

1 2.8 

2 2.7 

3 4.0 

4 3.4 

5 3.5 

6 3.5 

Mg. chol./g. 

Total Free 

2.0 1,7 
(1.6--2.5) (1.5-2.1) 

2.1 1.8 
(1.8--2.5) (1.6--2.1) 

3.2 1.9 
(2.7--4.6) (1.6-2.1) 

4.1 2.1 
(3.1-4.8)J (1.7-2.4) 

4.7 2~4 
(3.2--6.2)1',1.5-3.4) 

4.2 2.5 
(3.1--5.9)1:2.0--2.8) 

F /T  Mg. 
<lOO l ipid/g. 

8 5 ~  28.8 
(11.1-53.5)  

85.7 42.5 
(21.1--55.8) 

59.4 57.9 
(26.4--131.3) 

51.2 57.8 
(43.2-79.1)  

51.1 74.8 (5o%T82) 
59.5 (42.3-87.9)  

deficient in fa t  and essential f a t t y  acids, producing 
an insufficiency of these acids for  esterification with 
endogenous cholesterol, the increase in cholesterol 
content in the l iver  was caused by  an accumulat ion 
of cholesterol esters. An increase in total  l iver lipide 
was also observed, which confirmed the histological 
results. Lit t le  change was observed in the free cho- 
lesterol fract ion.  

Bromer  and Day  (8) have also repor ted a connec- 
t ion between essential f a t t y  acids and cholesterol 
metabolism. They found that  feeding cholesterol to 
rats  on an essential f a t t y  acid-deficient diet hastened 
the appearance  of t he  deficiency syndrome and in- 
creased the severi ty of the deficiency symptoms.  They 
confirmed our observation that  the total  l iver lipide 
was increased to an extent  over and above tha t  at- 
t r ibutable  to the accumulat ion of cholesterol. Some- 
what la ter  Peifer  and Holman  (23) found that  E F A  

deficiency in the d iabet ic  animal  and E F A  deficiency 
intensified by  die tary  cholesterol in the non-diabetic 
animal  were similar in that  the deficiency syndrome 
was obtained in both conditions within a month. They 
proposed the idea tha t  both syndromes are caused 
by  an accelerated t r anspor t  of E F A  caused either 
by endogenous hypercholesterolemia in the diabetic 
ra t  or by exogenous hypercholesterolemia in the nor- 
mal  r a t ;  both conditions resulted in a rapid  depletion 
of body stores of essential f a t t y  acids. 

One of the interest ing facts  connected with our 
investigation on essential f a t t y  acids was our discov- 
ery  that  female rats, when placed on the essential 
f a t t y  acid-deficient diet for  the same length of t ime 
as the male rats  in our previous experiment,  failed 
to exhibit the f a t t y  liver or accumulat ion of cho- 
lesterol in the liver observed in the male animals. 
Evident ly  a sex difference exists in the need for  
essential f a t t y  acids. That  this requirement  was sex- 
linked was shown in experiments  in which both male 
and female rats  were gonadectomized before being 
placed on essential f a t t y  acid-deficient diets (Table 
I I I ) .  Gonadectomized females s t a r t ed  to show the 
accumulations of cholesterol esters in the l iver;  gona- 
dectomized males had a much lower cholesterol con- 
centrat ion in the l iver than  intact  males on the same 
diet ( ]2) .  

An investigation was under taken  to relate the rate  

TABLE III 
The Effect of Gonadcctomy at Weaning  on the Cholesterol and Total 

Lipide Concentrations in the Liver of Male and Female 
Rats  Fed a Fat-Free Diet for 20 Weeks 

Sex 

In tac t  male 
Intact  male 
Gonadecto- 

mized male 
In tac t  female 
In tac t  female 
Gonadecto- 

mized female 

Diet  

C a 
FF b 

FF 
C 
FF 

FF  

Cholesterol in liver 

Total Free % 
mg. /g ,  mg. /g .  Free 

2.48 2.15 86.6 
5.73 1.89 35.0 

3.35 1.93 57.6 
2.37 2.07 87.3 
2.29 1.70 74.2 

2.95 1.75 I 59.3 

Total 
lipides 
in l iver 
mg./g .  

38.9 
85.3 

52.0 
46.0 
51.5 

57.6 

Ten animals /group.  
a 15% cotton oil diet. 
b Fat-free diet. 
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T A B L E  I V  
The Effect of Linoleate,  Oleate, and  B Vi t amins  on Cholesterol aad  Total  L ip ide  Levels of 

P l a sma  and L ive r  in  Essen t i a l  Fa t ty  Acid-Deficient Ra t s  

Cholesterol in p lasma Cholesterol in  l iver  

Category Free Total  Free Total  Free Free  
(mg. %)  (rag. %)  (%)  (mg . /g . )  (mg. /g . )  ( % )  

I EFA-deficient ,  16 weeks .......................... 12.9 60.1 21.5 3.46 1.99 57.5 65.2 
I I  I -4- 10O mg. linoleate, 4 weeks ................ 13.1 69.1 19.0 2.76 1.95 70.7 61.5 

I I I  I d- 100 mg. oleate, 4 weeks ................... 12.6 63.9 19.8 3.95 2.03 51.4 67.2 
I V  I -4- added B v i tamins ,  4 weeks ............... 17.1 63.1 27.1 3.39 2.08 61.4 51.2 

V EFA-deficient,  20 weeks ......................... 8.4 56.1 15.0 4.32 2.09 48.4 60.7 
V[  P u r i n a  control, 20 weeks ......................... 17.0 71.5 23.8 2.46 2.04 84.5 45.4 

Ten an ima l s /g roup .  

Total l ipides 
in  l iver  

(mg. /g . )  

of appearance  of elevated l iver cholesterol values 
and depressed plasma cholesterol values in male ra ts  
placed on essential f a t t y  acid-deficient diets with 
the appearance  of the skin symptoms. Rats  were 
sacrificed a f te r  1, 4, 7, 10, and 13 weeks on diet, and 
cholesterol was determined in l iver and plasma (13) 
(F igure  2). I t  can be seen that  as early as one week 
a f t e r  being on the EFA-deficient  diet and much be- 
fore dermal  symptoms were evident, there was a 
decrease in plasma cholesterol which continued over 
the 13-week period. Concomitant ly there developed a 
marked  increase in liver cholesterol (Figure  3). 

The animals  fed hydrogenated  coconut oil, a satu- 
ra ted fa t  containing no essential f a t t y  acids, reacted 
atypically.  I t  was found irt our  labora tory  tha t  the 
presence of hydrogenated  coconut oil as the sole 
source of fa t  in the diet of rats  hastened the onset 
of the dermal  symptoms. I t  was concluded at tha t  
t ime tha t  hydrogenated  coconut oil either increased 
the metabolism of stored essential f a t t y  acids or inter- 
fered in some way with their  metabolism, render ing 
them ineffective. I t  was expected tha t  effects parallel-  
ing those obtained with the fat-free diet would result. 
The fact  tha t  an initial rise in cholesterol concentra- 
tion in the liver (Figure  3), obtained on the hydro-  
genated coconut oil diet, was followed by  a slow drop 
toward normal  led us to the conclusion tha t  perhaps  
the animal  could adapt  and possibly use the short  
chain f a t t y  acids contained in hydrogenated coconut 
oil for  cholesterol esterifieation in the absence of 
the essential f a t t y  acids. Obviously though the same 
mechanisms were not responsible for  both cholesterol 
accumulat ion and skin symptoms. 

I 
T WAS OF INTEREST to determine whether  the "fatty 
l i v e r "  and increased cholesterol concentrat ion in 

90 

80 �84 

<70-  

g6o- 
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t~  
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o 
~20,  
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/ -  o o 
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F r o .  2. 

> 
_J 

o 
L.) 
(.5 

I" 

O. 
0 

EFA DEFICIENT 

~ 5 %  HYDROGENATED COCONUT OIL 

0 15% COTTONSEED OIL ~3, o 

TOTAL CHOLESTEROL--LIVER 

I 3 5 7 9 II  15 
WEENS 
FIG.  3. 

the liver of essential f a t t y  acid-deficient rats  could be 
reversed similar to the alleviation of the dermal symp- 
toms when essential f a t t y  acids were restored to the 
diet. T h e r e f o r e r a t s  which had been on essential f a t ty  
acid-deficient diets for  16 weeks were t reated for  four  
weeks thereaf ter  with linoleate, oleate, and vitamins 
(choline, inositol, B6, and B12) known to be lipotropic. 
The results on p lasma were not s tar t l ing (Table IV)  ; 
there was a slight increase in p lasma cholesterol in 
the group supplemented with linoleate. In  the liver 
there was a definite decrease in cholesterol concen- 
t ra t ion a f te r  linoleate supplementat ion.  01eate and 
B vi tamins were ineffective; in fact, oleate caused a 
slight increase in liver cholesterol content. The B 
vi tamins however were able to decrease the total liver 
lipide. E F A  supplements  were effective then not only 
against  the external  deficiency symptoms but, in time, 
could decrease the elevated liver cholesterol concen- 
t rat ions as well (2).  

The problem of feeding cholesterol to animals on 
an essential f a t t y  acid-deficient diet had been ap- 
proached by  Bromer  and Day  (8), also by Peifer  
and Holman (24). B o t h  groups of investigators 
found that  the addit ion of cholesterol to the diet of 
animals on essential f a t ty  acid-deficient diets aggra- 
vated the deficiency symptoms. The la t ter  investi- 
gators were able to alleviate the dermal  symptoms 
of rabbits  by  removing cholesterol f rom the diet and 
supplement ing with corn oil. I f  our  theories were 
valid, then feeding cholesterol to animals on diets 
deficient in essential f a t t y  acids should result  in a 
grea ter  deposition of cholesterol in the liver than  
would occur if  essential f a t t y  acids were present. 
Therefore  EFA-deficient  animals were placed on diets 
supplemented with cholesterol a lone  or with choles- 
terol and linoleate. Plasma and l i v e r  cholesterol val- 
ues were measured a f te r  two weeks (Table V).  Again 
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T A B L E  V 

T h e  Effect  of F e e d i n g  Choles terol  for  Two  W e e k s  to R a t s  P r e v i o u s l y  Fed  Die t s  
Def ic ient  in  E s s e n t i a l  F a t t y  Acids  

577 

Cholesterol  in p l a sma  Cholesterol  in l ive r  

Ca tegory  F r e e  To ta l  F r e e  F r e e  To ta l  F r e e  
(mg.  % )  (mg.  % )  ( % )  ( m g . / g . )  ( m g . / g . )  ( % )  

EFA-def ic ien t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 .3  60.2  18.8  2 . 1 4  5 .58  38 .4  7 1 . 4  
EFA-def ic ien t  -}- cholesterol  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 .5  77.8  17 .4  2 . 5 6  9 .48 27 .0  79.3  
EFA-def i i c i en t  q- cholesterol  -t- l inolea te  .. . . . . . . . .  19 .6  88 .5  22 .9  2 . 2 4  6 .56  34.1  76 .7  
EFA-def ic ien t  -}- l ino lea te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 .6  73.7  18.5  2 .19  4 . 3 4  50 .5  5 9 . 6  
Norma l  control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 .6  - -  2 .01  2 .23  90.1  39 .5  

T e n  a n i m a l s / g r o u p .  

To ta l  l i ve r  
l ip ide  

( m g . / g . )  

the plasma showed no s tar t l ing changes. Slight in- 
creases were obtained where deficient animals  were 
supplemented with linoleate, as was shown previously. 
The increases when cholesterol alone or when choles- 
terol and linoleate were added to the diet are small 
but probably  significant. I n  the liver the largest  
increase in cholesterol concentration did occur when 
the cholesterol diet was given without  the linoleate 
supplement  (3).  

Since the accumulat ion of cholesterol in the liver 
of the essential f a t t y  acid-deficient animals could be 
caused by an increase in synthesis, experiments  were 
per formed to determine the synthesis of cholesterol in 
the liver in vitro f rom C-14 labelled acetate under  our 
several d ie ta ry  conditions (Table Y I )  (22). Rather  

T A B L E  VI 
Cholesterol Concentration and Incorporation of Acetate -I-C I~ Into 

Choles terol  in the L i v e r  of Ra t s  on V a r i o u s  Die t s  

D u r a t i o n  To ta l  % to ta l  Counts  pe r  
Die t  of expt. cholesterol  counts  in- m i n u t e / g .  

weeks  m g . / g ,  co rpo ra t ed  t i ssue  

i 1 5 %  CSO 

I I  Fa t - f r ee  

I I I  Fa t - f ree  
-}- 10O mg. 

E F A  pe r  
r a t / d a y  

I V  3 0 %  H C O  

1 
4 

16 

1 
4 

16  

1 
4 

16  

1 
4 

1 6  

2.39  
2 .47  
2 .51  

3 .70  
3 .74  
4 .39  

2 .79  
2 .81  
2 .69  

-4 .02  
3 .78  
2 .87  

4 .01  
4 .40  
4 . 1 4  

0 .33  
0 .78  
0 .51  

3 .45  
3 .78  
4 .17  

0 .29  
0 .29  
0 .31  

7 2 0 4 •  
7 9 4 6 •  
7 4 8 2 ~ 2 0 0  

5 8 7 •  73 
1 4 0 8 •  

9 1 4 •  42  

6 2 1 2 •  
6 7 9 1 •  
7 5 0 2 ~ 3 0 7  

5 2 7 •  
5 2 7 •  56  
5 5 6 •  40  

Groups  I a n d  III con ta ined  9 an ima l s  each ;  Groups  II a n d  IV con- 
t a i ned  8 a n i m a l s  each.  

than  an increase in synthesis, there occurred a marked  
decrease in synthesis in the livers of ra ts  fed the fat-  
free and the hydrogenated  fa t  diet. In  the animals 
fed the fat-free diet supplemented with linoleate, syn- 
thesis was essentially normal.  Synthesis seems to be 
inversely propor t ional  to the cholesterol present  in 
the liver. Since there is an increase in cholesterol 
concentrat ion in the liver of animals  fed the fat-free 
diet, the decrease in synthesis is easily explained. 
However,  here again the animals receiving the hy- 
drogenated coconut oil diet reacted unpredic tably  
since, al though cholesterol concentrat ions in the liver 
dropped almost to normal  levels a f ter  16 weeks, there 
was no r e tu rn  to normal  cholesterol synthesis. Frac-  
t ionation studies of the livers of ra ts  fed the hydro- 
genated coconut oil diet have revealed the presence 
of an inhibi tor  for  cholesterol synthesis in a residue 
fract ion consisting probably  of mitochondria  and 
mierosomes. 

T 
HE REASON for the accumulat ion of cholesterol 
esters in the liver was still an unsolved problem. 

As a possible clue, separation, isolation, and charac- 
terization of the liver lipides of rats  fed our experi- 

menta l  diets were then carried out, using a modifi- 
cation of the chromatographic  separat ion of Fi l le rup 
and Mead (19). The column was filled with silicic 
acid, and pentane  was used instead of the petroleum 
ether suggested in the original method. Af te r  each 
f ract ion was isolated, the f a t t y  acids were l iberated 
and charac te r ized  by iodine values and spectropho- 
tometric analysis. The results on the f a t t y  acid com- 
position of cholesterol esters of the livers of ra ts  fed 
various diets are shown in Table V I I  (4). The iodine 
value of f a t t y  acids associated with the cholesterol 
esters in the liver of animals on the EFA-deficient  
diet is much lower than  those obtained f rom the liver 
of animals on a diet containing fa t  or a fa t-free diet 
supplemented with linoleate. This low iodine value 
is reflected by  the absence of polyunsa tura ted  f a t ty  
acids. In  the f a t t y  acids of the phospholipide frac-  
tion (Table V I I )  the same general  pa t t e rn  obtains. 
I t  is interest ing to note that  the addition to the diet 
of one component  of cottonseed oil, the essential f a t t y  
acid, linoleic acid, is able to yield a normal  f a t t y  acid 
pa t t e rn  in both the Cholesterol ester and phospho- 
lipide fractions. 

These results have led to the evolution of the fol- 
lowing theory of the interrelat ionship between essen- 
tial f a t t y  acids and cholesterol metabolism. 

a) Essential  f a t t y  acids are used for  the esterifica- 
t ion  of cholesterol  Cholesterol esters of essential 
f a t t y  acids have a lower melt ing point than  esters 
of the more sa tura ted  f a t t y  acids. F r o m  a pure ly  
physical  point  of view these unsa tura ted  f a t t y  acid 
esters are more labile. 

b) I n  the absence of essential f a t t y  acids, choles- 
terol is esterified with more sa tura ted  f a t t y  acids, 
which are less labile and tend to accumulate.  When 
a sa tura ted  fa t  containing short chain f a t t y  acids is 
present,  it may  be possible in t ime for the animal  

T A B L E  VII 
The Effect  of D ie t  on the  F a t t y  Acid  Composi t ion of 

L i v e r  L ip ide  F r a c t i o n s  

I .  Cholesterol  E s t e r s  

D ie t  

F a t t y  ac ids  

S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I . V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5 %  C S 0  

17 
60 
18 

5 

104 

Fa t - f r ee  

27  
7 3  

67 

Fa t - f r ee  q- 
l ino lea te  

19 
58 
18 

5 

100  

I I .  Phospho l ip ides  

S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16  

I . V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105  

36 41 
64 28 
- -  13 
- -  18 

58 113  

S --~ S a t u r a t e d  f a t ty  acids.  
M z Monoenoic.  
D ~ Dienoic .  
P ~ Polyenoic .  



5 7 8  T H E  J O U R N A L  OF T H E  A M E R I C A N  0 I L  C t I E M I S T S '  SOCIETY VOIJo 3 4  

to make certain adaptations; cholesterol can become 
esterified with short chain fa t ty  acids, and a more or 
less normal cholesterol metabolism can be resumed. 

c) Essential fat ty acids are required for phospho- 
lipide synthesis. Phospholipides are probably neces- 
sary for transport of cholesterol esters. In the ab- 
sence of essential fat ty acids there may be reduced 
phospholipide synthesis and therefore interference 
with cholesterol ester mobilization and transport. I t  
is possible that short chain fat ty  acids by combining 
with cholesterol are able to spare essential fat ty acids 
for phospholipide synthesis. 

On a 15% cottonseed oil diet the ratio of cholesterol 
esters to phospholipide in the liver was 1 to 2.6; on 
a diet deficient in fat and essential fa t ty  acids the 
ratio was i to 1.3; on the essential fa t ty  acid-defi- 
cient diet containing hydrogenated coconut oil, the 
ratio was 1 to 1.9. 

d) It  is also possible that essential fat ty acids are 
involved in certain enzyme systems which regulate 
cholesterol metabolism. Tulpule and Williams (27) 
found that EFA deficiency affected the activity of 
certain enzyme systems and that one of the sites of 
action of EFA is the phosphate esterification system, 
coupled with the oxidation of reduced cytochrome C. 

The absolute necessity for essential fat ty acids has 
not been proven in man. It  is known that certain 
human skin diseases are helped by a diet supple- 
mented with essential fatty acids. Diets containing 
vegetable oils rich in essential fat ty acids are now 
being advised by many investigators for the reduction 
of elevated serum cholesterol levels. Although it is 
improbable that a human dietary regime is entirely 
deficient in essential fat ty acids, it is possible that 
the requirements for EFA are elevated in certain 

disease conditions. Certainly there is a need for 
much more investigation in this promising field. 
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Nutritional Quality of Frying Fats in Commercial U s e  1 

DANIEL MELNICK, Research Laboratories., Best Foods Inc., Bayonne, New Jersey 

T 
HERE ARE tWO currents of thought and investiga- 
tion in the problem of fats and nutrition. The 
first deals with the general problem of the effect 

of the amount and type of fat  in the diet on nutrition 
and health. This is the major problem, and the other 
papers in this symposium are devoted to a discussion 

of this problem. There is 
however a second consid- 
eration, and that involves 
changes tha t  may take 
place in fats during proc- 
essing and use which might 
affect the nutritional prop- 
erties of otherwise ade- 
quate fats. These consider- 
ations involve principally 
modif icat ions r e s u l t i n g  
from hydrogena t ion  and 
heat treatment. 

An ear l ier  r epor t  (1) 
f r o m  th i s  and  D e u e l ' s  
l abora tory  describes the 
changes which occur in the 
hydrogenation of fats and 
presents data in support of 

Danie l  Melnick the complete biological uti- 
lization of fat ty acid iso- 

mers. Alfin-Slater and associates (2) have recently 
reported on the nutritive value and safety of hydro- 
genated fats, following a most comprehensive investi- 
gation with rats involving studies of 46 consecutive 
generations, three longevity studies, carcass analyses, 
and histopathologieal examination of the tissues. 

The present paper deals with the changes that take 
place in heated fats and more specifically in fats 
during frying operations. That commercially fried 
products represent a significant portion of the foods 
consumed by the American public is supported by 
the findings in one industry alone; about one-eighth 
of all the potatoes raised in this country are con- 
sumed in the form of potato chips. 

Nutritional and toxicological studies of the fats 
absorbed by fried foods are unfortunately Scanty in 
number. In Table I are listed conclusions drawn from 
reports from the most active laboratories in this field. 
In the studies from Deuel's laboratory (3) attempts 
were made to simulate commercial frying operations 
in testing both the frying fat after eight hours of con- 
tinuous use and the last batch of potato chips fried in 

1 Presented in the symposium on Fats in Nutrition end Health at 
the 48th Annual  Meeting, American Oil Chemists' Society, New Or- 
leans, April 30, 1957. For a more extensive review of the subject the 
reader  is referred to a paper published in 3-. Am. Oil Chemists' Soc., 
34, 351-356 (1957).  In  this paper and in another submitted to the 
same Journal  will he found additional experimental details and fndings  
to support conclusions drawn. 


