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change in stearic acid. Palmit ie  acid ra ther  than  
stearic acid is associated with the increase in linoleic 
acid. This might  have some implications in connec- 
tion with f a t t y  acid biosynthesis in cottonseed. 
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Abstract 
Studies with inter-esterified fats  p repared  to 

mainta in  a high level of linoleic acid content 
have been under taken  in several series of experi- 
ments with rats. These fa ts  are as digestible as 
the liquid nonhydrogenated oils and the biological 
value of the linoleic acid is not impaired by the 
i n t e r - e s t e r i f i e a t i o n .  I n v e s t i g a t i o n s  i n v o l v i n g  
growth, reproduction and lactation, longevity, 
tissue cholesterol levels and histological tissue 
examination have revealed that  these inter-ester- 
ificd fats  are utilized by the animal similarly 
to cottonseed oil. No tissue pathology or inter- 
ferenees with any  of the nutr i t ional  indices are 
observed. When the inter-esterified fats  arc in- 
cluded in atherogenic diets, the atheroselerotie 
lesions which develop in the coronary arteries 
and aorta  of the animals arc similar to, but  less 
marked than, those found when animals are fed 
cholesterol-containing diets with but ter  oil or con- 
ventional margar ine  oil of the al l-hydrogenated 
type. I t  is concluded that  these inter-esterified 
fats  are at least nutr i t ional ly  equal to other sire- 
i lar edible fats  of equivalent essential f a t t y  acid 
content. 

P r e s e n t  a d d r e s s :  U S D A ,  W a s h i n g t o n ,  D.C.  

Introduction 

I N RECENT YEARS product ion of solid fats with high 
linoleic acid content has been achieved through an 

inter-esterification process. Nonhydrogenated vegeta- 
able seed oils arc mixed with small amounts of hiR'hly 
hydrogenated fats  and the blend is then inter-esterified 
to rear range  the f a t t y  acid radicals;  this imparts  the 
firmness characteristic of margar ine  fats  to the blend 
(1). Since the nutr i t ional  value of inter-esterified 
fats  had not been investigated to the same extent as 
had been done for  hydrogenated fats, an evaluation 
of inter-esterified fats  in rats  was under taken and 
has now been completed. These investigations include 
determinat ion of the digestibili ty and the essential 
f a t t y  acid act ivi ty of these fats. The more extended 
studies include measurements  of growth, reproduc- 
tion, longevity and tissue cholesterol levels as criteria 
for  nutr i t ional  value and safety. Similar long-term 
studies have been per formed with animals fed (a) 
an unhydrogenated  cottonseed oil, (b) a mixture  of 
the inter-esterified fa t  with hydrogenated coconut oil, 
and, in some experinlents, (e) bu t te r  oil and (d) a 
conventional margar ine  oil. 

Experimental Procedures 
The description of the fats  fed is shown in Table 

I. The f a t ty  acid composition was determined by 
spectrophotometric (2) and the t rans  isomers by in- 

T A B L E  I 

Desc r ip t i on  of P a t s  

F a t t y  ac id  composi t ion ( % ) 

Iod ine  No. Linoleic  Diges t ib i l i ty  d 
F a t  ( W i j s )  S a t u r a t e d  ~ Oleic a T r a n s  b 

Spec. a B i o a s s a y  e 

M B O  I e 89.6 39.2 13.6 1.8 42.8 44.0 not  tested 
M B O  4 f 89.6 39.2 13.6 1.8 42.8 41.5 94.3 
M B O  45 g 76.3 47.3 11.7 1.5 36.4 34.5 95.6 
Cottonseed oil 112.0 23.6 20.1 .... 51.9 . . . . . . . . . . . .  
Coconut  oil 

( h y d r o g e n a t e d )  1.0 94.5 1.0 0.0 . . . . . . . . . . . .  
Butter  oil 41.0 55.0 37.2 7 ( a p p r o x )  3.5 . . . . . . . . . . . .  
M a r g a r i n e  oil 

(all  h y d r o g e n a t e d )  80.0 19.4 69.5 35.0 9.7 6.9 92.9 

a By  spec t rophotomet r ic  a s say  ( 2 ) ;  as % of t r ig lycer ides .  
b Accord ing  to i n f r a r e d  absorp t ion  ( 3 ) .  

B ioassay ,  based  u p o n  we igh t  g a i n  of male  r a t s  fo l lowing s u p p l e m e n t a t i o n  of the  bas ic  fa t - f ree  diet  ( 5 ) .  
d Based  u p o n  the  a m o u n t  of d i e t a ry  f a t  absorbed f r o m  the d iges t ive  t r a c t ;  cor rec t ion  is m a d e  for  the  metabol ic  fa t  found  in the total fecal fat .  
e In te r -es te r i f i ed  blend of 82 .5% u n h y d r o g e n a t e d  and  1 7 . 5 %  completely h y d r o g e n a t e d  cottonseed oil ( 1 ) .  

Same  as M B O  1 bu t  con t a in ing  added  an t iox idants ,  0 . 0 2 %  of b u t y l a t e d  hydroxy to luene  ( in  solut ion)  and  0 . 0 0 2 %  of e thy lened iamine te t r ace t i c  
acid  ( in  su spens ion ) .  

Composed of 8 5 %  M B O  4 + 1 5 %  s a t u r a t e d  coconut  oil. 
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TABLE II 

Average  Ga in  in W e i g h t  and  S u r v i v a l  of R a t s  F e d  In te r -es te r i f i ed  F a t s  

T A B L E  I I I  

S u m m a r y  of B r e e d i n g  D a t a  

G a i n  in  we igh t  (g )  ~ S u r v i v a l  of 
g e n e r a t i o n  I 

D ie t  Genera -  Genera-  Genera -  ( in  weeks )  G e n e r a t i o n s  I I I  

t ion 1 t ion I i  t ion  111 7 5 %  5 0 %  2 5 %  No. females  bred  20 19 
% Success fu l  

M B O  1 M a 305  • 5.2 287  • 8 .4  263  • 5.5 59 96 108  p r e g n a n c i e s  75 84 
F b 188  • 3 .8  175  • 3.5 171 • 2.9 54 97 116  No. bo rn  149 137  

No. a t  3 days a 142 120  
M B O 4  M a 2 8 6 •  2 6 4 •  2 5 4 + - - 7 . 9  79 97 115  Wt.  a t 2 1 d a y s  

F b 165  • 8.8 160  • 3.9 1 5 4  • 3.2 79 1 0 4  119  (Avg.  pe r  r a t )  35 .4  35 .4  

M B O  45 M a 303  ~ 6.8 275  • 8.7 243  • 5 .7  77 107  115  M o r t a l i t y  % 
F b 185  • 3.3 162  • 3.1 159  • 3.1 53 97 123  0 - 3  days  4.6 12 .4  

Cot tonseed 3 - 2 1  days 0 1.2 

oil M ~ 2 7 4  • 8.7 282  • 8.8 315  • 7.0 57 91 112  a L i t t e r s  of more  than  7 an ima l s  cut  to 7 a f t e r  t h ree  days.  
F b 176  • 4.9 170  + 2.2 163  + 4.2 77 107  117  

L a b o r a t o r y  
chow a M ~ 3 0 6  ~ 8.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F s 166  • 7.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

, M a l e s - - 1 0 0  days  on diet ,  12 an ima l s  p e r  g roup .  
b F e m a l e s - - 7 0  days  on diet ,  20  an ima l s  p e r  group.  
e Va lues  include s t a n d a r d  e r r o r  of mean .  
d Rock l and  diet.  

f r a red  absorption methods (3).  Also listed are the 
digestibilities of the inter-esterified fa ts  as determined 
by a modification of the method of Augur  et al. (4),  
and  a comparison of the essential f a t t y  acid activities 
of the fats  as determined by bioassay (5) and spec- 
t rophotometr ic  procedures (2).  The digestibili ty is 
good for  all the fa t  products  tested. The agreement  
between bioassay and spectrophotometric values for 
linoleic acid in the inter-esterified fa t  (MBO 1), this 
f a t  containing antioxidants  (5~BO 4) and a blend 
of MBO 4 with coconut oil (MBO 45) indicates tha t  
no isomers of linoleic acid were formed as a result  
of the inter-esterification reaction. 

I n  a mult igenerat ion-longevity experiment,  groups 
consisting of 20 weanling female and 12 weanling 
male rats  of our fo rmer  USC st ra in  were fed the 
three fats  at a level of 15% of the diet for  90 days. 
Other constituents of the diet were casein ( 2 4 % ) ;  
sucrose (52.53%), cellufiour (4%) ,  salt mixture  
(4%) ,  choline, and water-soluble and fat-soluble vi- 
tamins. Weight  was recorded weekly. At  90 days, 
females were bred to provide a second generation. 
Twenty  females and 12 males of the second genera- 
tion were also fed for 90 days and then bred to pro- 
duce the third generat ion;  the growth of the th i rd  
generation animals was also followed for  90 days. 
In  a longevity experiment,  groups of male and fe- 
male animals were fed the various diets unti l  75% 
of the animals had died. Other groups of male and 
female rats on the various diets were Sacrificed af ter  
24 and 96 weeks. Cholesterol determinations were 
per formed on plasma and liver extracts (6) using a 
nlodified Sperry-Sehoenheimer  method (7) ; l iver total  
lipids were determined gravimetrical ly.  

111 

D i e t a r y  f a t  M B O  1 M B O  4 M B O  45 CSO 

I I I  I I [  I I I  

20  20 19 20 19 20 

70 85 70 90 74 70 
132 150  124  1 6 4  157  113 
122 112 111 133 153 111 

35 .7  34.0  33.9  41 .6  35 .0  39 .6  

7.5 25 .3  10 .4  18.9  2.5 1.7 
1.1 7.6 0 1.9 1.0 0 

The effect of d ie tary  cholesterol was evaluated by  
another  series of experiments  in which fats  were fed 
to adul t  male rats ( ranging f rom 250-300 g in weight) 
without  and with cholesterol (and bile acids to fa- 
cilitate absorption) for  periods of 1 and 4 weeks. 
The diet used (casein, 10%;  salt mixture,  5%;  cel- 
luflour, 5 % ;  fat, 20%;  sucrose, 59.45%; and water-  
soluble and fat-soluble vi tamins to 100% ; when cho- 
lesterol was added, 3% cholesterol and 1% eholic 
acid replaced 4% of sucrose) is similar to the diet 
used by Hegsted et al. (8,9). At  the end of the ex- 
per imental  periods the animals were killed, and cho- 
lesterol and lipid determinations were per formed on 
plasma and liver extracts  as described above. 

Results and Discussion 

The average gain in weight achieved on the ex- 
per imenta l  diets is shown in Table I I .  No str iking 
differences in weight gain are noticeable in either the  
f r s t ,  second, or third generations of rats  fed the inter- 
esterified fats  when compared with animals  fed either 
cottonseed oil or labora tory  chow diet indicat ing that  
all diets are similar in growth-promoting qualities. 
The results of the longevity s tudy are also shown in 
Table I I .  Survival  was good in all three groups and 
compared well with the results obtained when cotton- 
seed oil was the sole source of fa t  in the diet. 

Summary  of the breeding performance  is shown 
in Table I I I .  In  general, there were no significant 
differences in reproduct ion or lactation among the 
various groups except possibly for the higher m o r -  
ta l i ty  of the very young in the second breeding of 
the MBO groups. 

Total  cholesterol levels of p lasma and liver, and 
liver lipid levels are shown in Table IV. Af te r  96 
weeks, the animals fed the low-fat laboratory  rat ion 
had somewhat lower values than  those obtained with 
rats  fed the inter-esterified fa ts  and cottonseed oil; 
the la t ter  two types of products  provided values 

T A B L E  ]:V 

P l a s m a  and  L i v e r  Oholesterol  and  L i v e r  L i p i d  Va lue s  of Male and  Fema le  R a t s  
Fed  In te r -e s t e r i f i ed  and  Othe r  F a t s  for  24  a n d  96  Weeks  f rom W e a n i n g  

P l a s m a  cholesterol  ( r a g / % )  L i v e r  cholesterol  ( m g / g )  L i v e r  to ta l  l ip ids  ( r a g / g )  

24  weeks  96  weeks  24  weeks  96  weeks  24  weeks  96  weeks  

M B O  1 M 
F 

M B O  4 M 
F 

M B O  45 M 
F 

L a b o r a t o r y  chow M 
F 

Cot tonseed oil M 
F 

85 .7  • 8.0 a 99 .4  • 3 .8  2 .25  • 0 . 0 4  2 .30  • 0 .09  34 .4  • 0.9 47 .2  • 3 .4  
76.5  • 5 ,4  85.1  • 7.1 2 .13  • 0 .05 2 .12  • 0 .09 34 .9  • 1 .4  45 .2  • 2 .6  

62 .5  • 5.2 1 0 2 . 4  • 8.6 2 .79  • 0 .16  2 .28  • 0 .02 40 .7  • 2 .9  43 .2  --~ 0.7 
77.1  • 4 .4  84 .4  • 4 .8  2 .32  • 0 .08  2 .13 • 0 .04  32 .6  • 1.3 46 .8  -+- 2 .8  

62.5  • 3.3 92.3  • 7.2 2 .67  • 0 .13  2 .37  • 0 .13  4l~5 • 2.3 49 .2  --- 3 .6  
66.9  • 5.9 99 .8  • 17 .0  2 . ] 2  • 0 .04  2 .30  • 0 .07  32,3  • 1.5 48 .2  ~-~ 2.0 

62 .6  .~ 4.9 65.7  • 9 .8  2 .26  ~+ 0 .07  1 .97  • 0 .06  36.2  • 2 .4  40 .7  • 1 .6  
53 .9  • 2.3 75 .9  • 2 .0  2 .34  • 0 . 0 4  1 .70 ~ 0 . 0 4  35 .0  • 1.1 42 .9  -~- 1 .7  

. . . . . . . . . .  107 .5  • 6 .6  ............ 2 . 5 6  • 0 .12  . . . . . . . . . . .  4 8 . 8  "4- 6 .4  
. . . . . .  89 .9  • 5 .6  ............ 2 .43 • 0 .06  ............ 44 .5  • 1 .6  

6--10 r a t s  p e r  g r o u p .  
a Va lues  inc lude  s t a n d a r d  e r r o r  of the mean .  
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TABLE V 

Plasma and Liver Cholesterol and Liver Lipid Values of Adult ~r Rats Fed Interestorified 
Other Fats ,  wi th  and_ w i thou t  Cholesterol, for  1 and  4 Weeks 

and 

P lasma  cholesterol ( r ag%)  L i v e r  cholesterol ( m g / g )  L i v e r  l ipids  ( r ag /g )  

1 week 4 weeks 1 week 4 weeks 1 week 4 weeks 

I~IBO 1 

MBO 4 

MBO 45 

B u t t e r  oil 

Marga r ine  oil (convent iona l )  

--Cholesterol  61.9 • 5.2 a 5 6 . 8  • 2.2 1.82 • 0,10 2.33 • 0.13 
+Choles te ro l  87.7 --  7.5 90 .9  ~-- 9.1 18.5 + 0.8 38.6 • 2.0 

--ChoIe.sterol 64.0 • 2.7 70 .7  ~ 3.6 2.20 + 0.08 2.51 -~ 0.15 
+Choles te ro l  101 • 10 100 ~ 6 16.1 • 1.3 32.3 ----- 1.2 

--Cholesterol  57.3 + 2.2 66 .7  + 2.7 2.10 ~- O . l l  2.14 ----- 0.09 
+Choles te ro l  87.2 --  6.3 104  • 6 :l 6.1 • 1.1 29.4 --  1.5 

--Cholesterol  67.5 • 3.3 68.1 • 2.6 1.86 • 0�9 2�9 + 0.08 
+Choles te ro l  124 • 12 168 • 20 13.3 • 0.9 22.3 • 1.6 

--Cholesterol  69.3 ----- 2.0 64 .7  • 2.4 1.87 • 0.06 2.08 • 0�9 
+Choles te ro l  130 • 13 210 • 6 11.5 • 0.8 22.0 • 1.7 

42.3 • 2.3 48.3 "4- 2.7 
98.8 + 3.5 163 - -  11 

40�9 • 1.5 40.9 ~ 2,2 
77.4 -+ 4.7 157 --  12 

39.3 • 2.4 48.3 "+" 3.2 
81.7 --  3.8 135 + 6 

43.4 • 1.7 51.7 ~ 1.8 
69.9 • 2.9 112 • 8 

40.9 • 1.8 41.7 • 1.9 
62.7 + 3,3 92.0 • 4.8 

10 ra ts  per  group.  
a Yalues  include s t anda rd  error  of the mean. 

which were similar  in all cases. There is a tendency 
for  plasma cholesterol and liver total lipid levels to 
increase and l iver cholesterol levels to decrease with 
time. 

Histological examination of liver, kidney, spleen, 
thyroid,  lung and heart  of animals on longevity 
studies and killed af ter  96 weeks on the respective 
diets did not reveal any  abnormali t ies in these tis- 
sues. Aortas  and coronary vessels in both male and 
female animals were free of l ipid infiltration. 

The results of the short t e rm experiments where 
male rats  were fed the various fats  with and without  
cholesterol supplements  are presented in Table V. 
There are no significant differences in plasma cho- 
lesterol levels among the groups of animals fed the 
cholesterol-free diets in this short- term experimental  
period�9 The adminis trat ion of cholesterol results in 
an elevation in p lasma cholesterol levels which, in 
general, becomes more pronounced with time. Plasma 
cholesterol levels in the but ter  oil + cholesterol and 
margar ine  oil § cholesterol groups are considerably 
higher than the groups fed the inter-esterified fats  
+ cholesterol. 

This is in agreement  with the results reported by 
Hegsted e t a l .  (9) in which it was concluded tha t  
fats  containing large quantities of nonessential, un- 
sa tura ted  f a t t y  acids (e.g., oleic acid) promoted 
marked hypereholesterolemia in cholesterol-fed rats, 
whereas fats  containing essential f a t ty  acids and sat- 
ura ted  f a t t y  acids yielded much lower serum cho- 
lesterol levels and also counteracted the high serum 
cholesterol levels developed by feeding oleic acid-con- 
ta ining fats. In  the present  s tudy the hypereholes- 
terolemic effect of the various fats  roughly parallels 
their  oleic acid content. Thus but ter  oil and mar -  
garine oil, which yield the highest serum cholesterol 
levels, contain 37.2% and 69.5% oleic acid, respec- 
tively. M B 0  1, 4 and 45 which are markedly  less 
hypercholesterolemic in cholesterol-fed rats  have oleic 
acid contents of 13.6, 13.6 and 11.7%, respectively. 

In  the absence of die tary  cholesterol, no significant 
changes in l iver cholesterol levels due to the differ- 
ences in die tary  fa t  are observed. When cholesterol 
is included in the diet, the inter-esterified fa t - fed 
groups have a higher l iver cholesterol content than  
do the but ter  oil-fed and margar ine  oil-fed groups, 
which is in direct contrast  to the results observed 
in plasma. In  all groups of animals fed cholesterol 
the cholesterol content of l iver increases with time. 

This inverse relationship between l iver and plasma 
cholesterol has also been observed in essential f a t t y  
acid deficient rats  (10), where a low plasma choles- 
terol value is associated with elevated liver choles- 
terol concentrations and increased adrenal  cholesterol 

levels as well. Elevated plasma cholesterol levels 
could conceivably result  f rom t rans fe r  of cholesterol 
f rom various organs via the plasma to depot areas, 
or movement  through plasma out of depot areas for  
subsequent metabolism. Elevated liver cholesterol lev- 
els may  be an a t t empt  of the organism to lower plasma 
cholesterol levels or may  be pre l iminary  to acceler- 
ated bile acid formation.  

Liver  lipid levels in the rats  fed diets f rom which 
cholesterol is excluded paral lel  liver cholesterol levels 
dur ing the entire experimental  period. Liver lipid 
levels increase when cholesterol is included in the 
diet and the accumulat ion of lipid becomes more 
pronounced with time. Liver  lipid levels are qual- 
i tatively similar to liver cholesterol levels; the high- 
est lipid levels occur in the animals fed the inter- 
esterificd fa t  with cholesterol; the but te r  oil § cho- 
lesterol fed animals are intermediate,  and the mar-  
garine oil + cholesterol-fed animals have the lowest 
lipid accumulation. 

IIistological examination of frozen sections of hearts 
and aortas, stained with oil red 0, revealed ather- 
osclerotic changes in coronary arteries and early in- 
volvement of the aorta  (thickened int ima) in the 
animals on all the diets which inchlded cholesterol. 
The male rats  fed the cholesterol + but te r  oil and 
cholesterol + margar ine  oil had more marked coro- 
nary  involvement than  did the animals fed choles- 
terol with either MBO 1, MBO 4, or M B 0  45. The 
but ter  oil and margar ine  oil used in these studies 
have the lowest coneentratioll of polyunsatura ted  
f a t ty  acids (but ter  oil, 3.5% linoleie acid and mar-  
garine oil, 9.7% linoleie acid).  Also, the plasma cho- 
lesterol levels observed in the animals on but ter  oil 
plus cholesterol and margar ine  oil plus cholesterol 
diets (Table V) are considerably higher than those 
of the animals fed the inter-esterified fats  plus cho- 
lesterol. I n  the work repor ted by Hegsted et al. (8), 
the animals with the most elevated serum choles- 
terol levels also had the most marked endocardial 
sudanophilia and the highest incidence of early aortic 
atheroselerotie lesions. 
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