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M E D I U M - C H A I N  ( C 6 - C 1 2 )  s a t u r a t e d  t r iglycerides 
(henceforth MCT) are present  in most natu-  
ral ly  occurring fats  and thus have found the 

at tention of biochemists and nutri t ionists  for the last 
50 years. Some of the findings have been that  they 
play a par t  in germinat ing cells (10), are more 
readily absorbed than long-chain sa tura ted  tr iglycer-  
ides (LCT)  (21, 6), are absorbed by blood vessels 
ra ther  than  lymph vessels as is LCT, and are metabo- 
lized by omega oxidation (2). There seems to be little 
tendency for 8 and 10 carbon saturated acids to be 
laid doom in the depot fa t  (8, 15) ;  the opposite is 
t rue of C,6 and C~s acids. In  this respect and other 
respects C12 and C14 acids may  form the border  be- 
tween the two groups (7). 

In  our previous work with LCT and MCT various 
differences in their biological effects had also become 
apparen t  (14, 15) ; some of these seemed to have been 
related to the linoleie acid content of the diet. I t  was 
therefore decided to investigate in ra ts  the possible 
relationship between linoleic acid and MCT and LCT 
in studies of growth, reproduction,  and serum and 
liver cholesterol levels. The results are repor ted in 
this paper.  

Experimental Procedures and Data  

Ge,leral Procedures. The current  studies consisted 
of a series of experiments.  In  the first, low-fat and 
20% MCT diets supplemented with 0, 0.1, and 2% 
linoleie acid (LA) were fed to weanling male rats for 
126 days, and the animals were observed for growth, 
liver and serum cholesterol levels, and liver lipides. 
In  a second experiment  rats  were fed low-fat and 20% 
LCT diets containing no added LA;  this was fol- 
lowed by another  series in which ra ts  were fed low- 
fa t  and 20% LCT diets supplemented with either 0 
or 2% LA. All of these groups were observed over 
a period of 7-8 weeks for growth and, at the termina-  
tion of the experiment,  for serum and liver cholesterol 
levels and liver lipides. 

Mating experiments were carried out on male and 
female rats  fed low-fat, 20% MCT, and 20% LCT diets 
containing various levels of LA. 

Materials and Methods. The medium-chain and 
long-chain sa turated tr iglycerides were derived f rom 
coconut oil or other kernel oils by  fraet ionat ion of 
the split  f a t ty  acids and reconstitution of the desired 
fract ions into triglycerides. MCT represented about 
15% of the original coconut oil and was a clear, thin, 
odorless liquid with a melt ing point below 0~ and 
an iodine number  less than 1. Ultraviolet  analysis 
showed that  0.1% linoleie acid was present  al though 
in one lot, 0.6% was fonnd. The oleic acid content was 
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in the neighborhood of 0.1%. The saturated f a t t y  
acids present  ranged front C6-C~e and represented 
more than 99% of the f a t t y  acids present  in the 
product.  

The LCT fract ion represented about 60% of the 
original coconut oil and was a solid fa t  having a 
melt ing point of about 40~ and an iodine number  
of 3-5. The sa tura ted  f a t t y  acids ranged f rom C14- 
Cls and represented more than 95% of the f a t t y  
acids in the product.  The oleie acid content was 
1-2%, and the linoleic acid content 0.2-0.4%. 

MCT and LCT were incorporated at a level of 
20% in the purified diet given in Table I. The casein 

T A B L E  I 

Composi t ion  of Pu r i f i ed  Ru t  Die t  

Dex t rose  4 4 %  
V i t a min - f r ee  case in  3 0 %  
Cellulose 2 %  
Water-soluble  v i t a m i n s  a 

Mg./kilo. 
Choline d ihyd r ogen  c i t ra te  1000 
Inosito]  1000 
p-Amino benzoic ac id  300 
Nicot inic  ~cid 100 
T h i a m i n e  2 
Ribof lav in  4 
P y r i d o x i n e  4 
Ca lc ium pan to thena t e  10 
Folic acid  2.5 
Bio t in  .025 
B1e ( . 1 %  t r i t u r a t i o n )  5 
Ascorbic  acid 25 

F a t  20 % 
Salts  ( U S P  X I I I )  3 .5% 
CaCO3 0 . 5 %  
Fat-soluble  b 

Mg./kilo. 
Alpha-tocopherol  ace ta te  50 
F r e e  alpha-tocophexol 10 
V i t a m i n  D~ .5 
Be ta -ca ro tene  5 

W e  are indebted  to Leo  P i r k ,  H o f f m a n n - L a R o c h e  Inc . ,  Nut ley ,  
N. J . ,  fo r  mos t  of the  v i t a m i n s  t~nd to M. L. Ta in te r ,  S te r l ing-Win-  
throp Resea rch  In s t i t u t e ,  Renssel~er ,  N. Y., for the  v i t a m i n  n~. 

b C~nta ined  in 1 cc. of an  M C T  suspens ion .  

was alcohol-extracted. The diet was supplemented 
with all accessory factors except LA unless other- 
wise noted. When  it was desired, fa t  was replaced 
by carbohydrate.  La rge r  amounts of vi tamins A and 
E were given in the low-fat diet to ensure adequate 
absorption. 

The experiments were carried out on albino rats 
of the Sherman strain. Fo r  the comparison of the 
effects of low-fat, MCT, and LCT diets the offspring 
of females maintained on MCT without  added LA 
were used. They were placed on the experimental  
diets at four  to five weeks when they weighed 40'-50 
g. This was done in order  to s tar t  the experiment  
with essential f a t t y  acid-depleted animals. The male 
ra ts  used for  the long-range survival  studies were 
born on commercial  pellets and placed on the experi- 
mental  diets when they were weaned. 

Serum cholesterol determinat ions were carried out 
according to Schoenheimer and Spe r ry  (23) and liver 
and heart  analyses, according to Spe r ry  and Webb 
(25). Three or four  sera or livers or six to eight 
hear ts  were pooled for  analysis. 

Data and Discussion. In  Table I I  are given the 
growth data for  male ra ts  on MCT, LCT, and low-fat 
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T A B L E  I I  

Average  B o d y  Weights ,  in  Grams,  of Male Ra t s  Fed Pt t r i f ied  Diets  C o n t a i n i n g  no Added Fat ,  20% MCT, or 
20% LCT and Var ious  Suppl  relents of Linoleie  Acid (LA)  

Series I (154 days)  ,~ 8 rats  on each diet  ............ [223 ~ 15.2b 
Series I i  (79 days) 4 ra ts  on each diet .......... 191 + 14 8 
Series I I I  (84 days)  4 ra ts  on eavh diet.: ....... JJ/200 T- 811 

Low-fat  + 20% MCT + 20% LeT + 

0.1% L A  2% LA OV/o LA" 0.1'% LA 2% LA 0 %  L A  2% LA 

2 8 6 + 1 1 . 7  3 1 7 •  3 0 1 ~ 1 7 . 6  324---+7.5 336---+9.4 ...... ...... 
. . . . . . . . . . . . . . . . . . . . . . . .  166 ~ 14.5 ...... 
...... 232"~ '10 ,0  . . . . . . . . . . . . . . . . . .  163 ~ 10.0 270 ~ 8.7 

a Age at  t e rmina t ion  of experiment ,  h S t anda rd  error, c Inc lus ion  of 20~fi, M e T  or L e T  increased the linoleic acid content  of the diets by 
approximate ly  0.02 and 0.05% respectively. 

diets with and without I~A supplements.  One must  
keep in mind when comparing the effect of MCT 
diets with those of the low-fat diets that  i t  was 
necessary to compensate for  the differences in liuo- 
leate intake of the animals on the different diets. 
hlasmuch as the daily food intake of the adult  males 
on the diet with 20% M e T  was about 12 g. (13), 
they consumed about 2.5 rag. of linoleic acid and 
may  have occasionally had as much as 10 rag. fronl 
this source. The alcohol-extracted casein contained 
about 0.5% fat. I f  one assumes that  this fa t  con- 
tained about 10% linoteie acid, the 30% casein in the 
diet would have afforded 3 rng. per  day. Therefore  
these rats  consumed about 5-10 rag. of linoleie acid 
daily. The corresponding animals on the low-fat diet 
ate about 17 g. of food a day, f rom which they may  
have received 3 rag. of linoleate. Therefore some 
groups on the low-fat diet were given 0'.05 and 0.1% 
LA, which allowed an addit ional daily intake of 7 -  
15 rag. 

in  Table I I  it can be seen that, among the animals 
in Series i, those fed the 20% MCT diet without 
added linoleic acid grew significantly bet ter  than 
t h o ~  on the unsupplenlented low-fat diet (P  less 
than  .01) and at least as well as those on the low-fat 
diet supplemented with 0.1% LA. In  Series I I  the 
animals fed 20% LCT unsupplemented with linoleie 
acid grew worse than  the corresponding animals on 
the low-fat diet;  this was also t rue for  Series [ I [  (P 
less than .02 fo~" the averages of the two series). This 
was in spite of the fact  that  the LCT contained some 
linoleic acid. On the other hand, in Series I I I ,  the 
animals fed LCT + 2% LA grew bet ter  than the cor- 
responding group fed the low-fat diet. This permits  
the conclusion that  the low weight of the animals on 
the unsupplemented LCT diet was an expression of 
enhanced linoleic acid requirement  (5).  With  suffi- 
cient linoleie acid they were heavier, as has been ob- 
served for  animals on any  high-fat  diet (22). MCT 
did not increase the linoleie acid requirement  or ag- 
gravate  the linoleic acid deficiency synlptoms. 

I t  had to be considered that  differences in intestinal  
absorption may  have accounted fro" these and subse- 
quent results. In  earlier work intestinal absorption of 
MCT was determined according to a modification of 
the method of Hoagland and Snider  (11, 12). The 
fecal fa t  determinat ion was done on an aliquot of the 
finely powdered, dried feces. The samples were t reated 
with 5% trichloraeetie acid;  the la t ter  was washed 
out, and the residues were saponified with methyl 
alcoholic NaOH.  Af te r  acidification the extracts  were 
extracted with petroleum ether, dried, and weighed. 
MCT was 98% absorbed (14). In  the LCT absorp- 
tion studies the food intake of eight rats  fed the 20% 
LCT diet was measured, and their  feces were col- 
lected for the sanle period. The eight ra t s  consumed 
45.3 g. of diet per day  or 9.06 g. LCT. The dried feces 
weighed 2.00 g. and contained 0.16 g. of fat. There, 

fore, out of 9,060 rag. of L e T  eaten, a max imum of 
160 nag., or 2%, was excreted (98% absorpt ion) .  Cor- 
rection for  excretion of endogenous fa t  was omit ted;  
it would have resulted in a higher figure for the ab- 
sorption, lnasmneh as the L e T  contained 1-2% oleie 
acid in addition to at least 95% satura ted  C16 and Cls 
acids, the high rate of absorption of L e T  m a y  have 
been par t ly  caused by the oleate. 

T A B L E  llI 

S u r v i v a l  Rate  of Male Rats  Fed 20% L a r d  or 20% ~s wi th  Var ious  
Linoleie  Acid (LA)  Supplements  

Age (days)  300 550 700 

20% lard ....................................... 16 /22  13 /19  a 10 /19  
LA ................... 20% I~iCT-~- 0% b 3 / 4  3/4  ...... 

20% M e T  + 0.1% LA .................. 2 8 / 3 0  1 5 / 1 8  14 /18  
20% M e T  + 2% L A  ..................... 7 / 7  5 / 7  ...... 

A smal ler  denomina tor  means tha~ an imals  were kiUed for  some 
other purpose,  such as organ  analyses. 

b Regardless  of supplementa t ion ,  inclus ion of 20% M e T  gave a lin- 
oleie acid level of 0 .02% in the diet. 

Table l I f  gives data as to the longevity of lame ani- 
mals on M e T  with and without  LA supplementa-  
tion and of their  controls on lard. I t  is evident that  
the survival  ra te  of all MCT groups was at least as 
good as that  of the rats  fed lard. In  fact, in the 
exper iment  in which observations were carried out 
for  two years, only one-half of the lard  animals but  
three-fourths of those on MCT survived. 

T A B L E  IV 

lnf~oe~ce ou Igeprodoct, ion of Linoteie Acid (fJA) Added  ~o 20~;/~ MOT, 
20%LCT,  and Low-Fa~t Diets 

Low-fat  + 0% L A  
Low-fat  @ 0.05% L~& 
Low-fat  + 0.1% L A  
Low-fa t  + 2% LA 

20% I~CT + 0% L A  e 
20% ~r + 0.1% L A  
20% I~[CT + 2% L A  

20% L C T +  0% L A  
20% L C T +  2% L A  

No. litte: 
of wit] 

l i t ters  dea~ 
_ _ - -  youi  

7 /8  
7 /8  2 / i  
~ /4  0/< 

4 7 / 6 5  9/z. 
63 /92  12/~ 
1 1 / 1 5  1/~ 

7/8  2 / '  
5/6 o/~ 

[0. O] Av. no. 
er~, of l ive  
t h  young 
ad in  
m~ l i t ters  

6.8 
7.9 

/4 6.4 

/4~ 6.8 
/6" 7.3 
/i~ 8.0 

/7 6.0 
/5 8.2 

Av. no. 
of young  
af ter  4 
weeks 

1.5 
4.8 
4.7 
5.3 

3.0 
5.3 
6.0 

0.4 
5.8 

Av. wt;. 
of young  

at  4 
weeks 

35 
35 
26 
45 

45 
48 
64 

31 
60 

Six out of 8 mated ferns.los had  l i t ters .  
b Fou r  out of the 6 l i t ters  contained dead young.  

Regardless  of supplementat ion,  inc lus ion  of 20% M C T  or LCT in- 
(.reused tile linole,ic acid content of the diets by 0.02 o~ 0.05%, re- 
spee ti rely. 

In  Table I V  are smnmarized the results of mat ing  
experiments  with females which had been kept  on the 
various diets for  one to three months pr ior  to the 
mating.  With  the low-fat diets 23 out of 28 animals 
became p regnan t ;  there were more l i t ters  with dead 
young in the groups with no or low L A  supplements  
than  in the c roup  given 2% LA. L A  supplementa-  
tion reduced the= number  of l i t ters with dead young 
f rom 4 out of 6 to 0 out of 3 and increased the aver- 
age number  of live young per  l i t ter  front 3.5 to 6.4 
and the number  of surviving young af te r  4 weeks 
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f rom 1.5 to 5.3. However  the weaning weights in- 
creased only f rom 35 to 45 g. These findings are in 
agreement  with other studies of the influence of fa t  
and linoleate on fert i l i ty,  reproduction, and lactation 
in various species. I t  has been observed that  lacta- 
tion is improved by dietary fats containing lino]eate 
and tha t  a low-fat diet restricts milk product ion 
severely (20, 19). On the other hand, conception is 
hard ly  influenced by  a low-fat diet (4, 9). Most of 
the young die soon af ter  birth, and the few survivors 
are undersized. 

In  the animals fed MCT and no LA, which are 
best compared with the low-fat group given 0.05% 
LA, 47 out of 65 females become pregnant ,  which is 
about the same percentage as in the comparable h)w- 
fa t  group. The average nmnber  of live young and 
the survivors af ter  4 weeks were 6.8 and 3.0, respec- 
t ive ly - -no t  very  different front those of the low-fat 
group. The weaning weight of the animals on MCT 
was 45 g., Which is significantly higher than that  of 
the low-fat group. With MCT plus 2% LA the aver- 
age number  of live young was 8.0, and 6.0 survived 
a f te r  4 weeks. Their weaning weight of 64 g. was 
significantly higher than that  of the group on the 
comparable low-fat diet. 

With  unsupplemented LCT 7 out of 8 females had 
l i t ters;  a f te r  4 weeks an average of 0.4 animals sur- 
vived, which is significantly less than in the low-fat 
and MCT groups. The weaning weight of the sur- 
vivors was 31 g., which was significantly less than 
that  of the comparable MCT animals. With  2% LA 
results were the same as with MCT plus 2% LA. 
This is in agreement  with observations that  coconut 
oil and hydrogenated corn oil intensify the effects of 
essential f a t ty  acid deficiency (3, 18). 

Low-fat  and MCT diets differed only in tha t  the 
weaning weights of the young" were better  with MCT. 
This was not merely  a general fa t  effect because, with 
the unsupplemented diets, LCT did rtot promote bet- 
ter growth. Yet, with the diets supplemented with 
2% LA, MCT and LCT were equally bet ter  than 
low fat. 

Data  as to serum and liver cholesterol and total 
liver lipides are given in Table V. In  view of the 
fact  that  the unsupplemented MCT and LCT diets 
contained traces of linoleic acid, the most comparable 
low-fat diet is that  containing 0.1% LA. The total 
liver lipide of the group fed this diet was signifi- 
cantly lower (P less than .01) than those of the 
groups fed the unsupplemented MCT and LCT diets. 
With  2% L A  the difference persisted; moreover the 
total liver lipide level of the group on LCT was sig- 
nificantly higher (P less than .01) than  that  of the 
MCT group. 

The liver cholesterol levels of the groups fed the 
low-fat diets declined with increasing LA supple- 
ments;  the differences between the level of the un- 
supplemented group and of those given supplements  
were both statist ically significant. This is in agreement  
with previous observations (24, 1). The same lin- 
oleic acid effect was observed with LCT;  addit ion of 
2% LA led to a significant decline in liver cholesterol 
(P less than  .01). Unsupplemented LCT led to the 
highest liver cholesterol value. I t  was significantly 
higher (P  less than .01) than the levels with unsup-  
plemented MCT and low-fat plus 0.1%. The liver 
cholesterol levels of the groups fed MCT did not dif- 
fer  significantly with LA supplementat ion and up- 

TABLE V 

Total Liver  Lipide and  Liver Serum Cholesterol Levels of l~[ale Rats  Fed 
Purif ied Diets Oontaining no Added Fa~, 20% MCT, or 20% LCT 

and Various  Supplements of Linoleie Acid (LA) 

No. of Sernm 
deferral- choles- T taI 
__nati~ a __ter~ _ _ l i p i d e  

mg. % dry wt.  
Low-fat~-0% LA 9 55_+2 124.7• 

3 5 6 •  23.94-0.5 
5 874-3 24.64-0.3 

Low-fat~-0.1% LA ] 
L o w - f a t ~ 2 %  LA I 

20% ]~CT-~0% LA e I 5 664-3 26.54-0.3 
20% 3/~CT-~0.1% LA[ 3 794-3 24.94-0.7 
20% 1V[CT-~2% LA 3 854-3 26,04-0.3 

2 0 % L C T ~ 0 %  LA 4 7 4 ~ 8  25.64-0.4 
20% LCT@2%LA 2 8 8 + 4  28.54-0.3 

Liver lipide 

Choles- Choles- 
r e t e l l  I terol_  

rag.% % tot. 
dry wt.  I lipide 

1019~39  14.13• 
8 8 7 ~ 3 5  3.72-----0.21 
8 1 0 ~ 3 6  IB'30•  

844-----38 3.18-++0.04 
769~-24 3.09___+0.07 
7 9 8 ~ 9  3.07~---0.06 

040~-14 4.044-0.02 
8 6 5 ~ 3 8  3,044-0,10 

a For  each determination,  four livers or sera were pooled. 
b S t anda rd  error .  
e l%egardless of supplementation,  ineluMon of 20% MCT or LCT in- 

creased the linoleie acid content  of the diets by 0.02 or 0 .05%, respec- 
tively. 

proximated the levels found in the groups fed the 
other diets plus 2% LA. 

Serum cholesterol levels with MCT and low-fat 
diets were significantly increased by  addit ion of 2% 
L A ;  this is in agreement  with reports  as to the in- 
fluence of linoleic acid on serum cholesterol levels 
(16). However  addition of 2% LA to. the LCT diet 
did not lead to a significantly higher level. Serum 
levels were the same for  all groups fed diets plus 
2% LA but differed when little or no LA was given. 
Unsupplemented ~{CT and LCT led to significantly 
higher levels than did low-fat plus 0.1% LA. There 
seems to be a difference in the MCT and LCT levels, 
but the difference is not statistically significant. 

I t  can be concluded that, in the presence of low 
levels of linoleie acid, MCT led to significantly lower 
liver cholesterol levels than  LCT and perhaps  even to 
values lower than with low-fat diets, which supports  
the theory tha t  MCT has a linoleic acid-sparing effect. 
Whether  or not the presence of some oleate in both 
the MCT and BCT influenced the cholesterol levels 
is not certain. 

The data permi t  the conclusion tha t  MCT has 
effects on the animal which are, in some respects, 
opposite to those of LCT. This antagonism is evident 
in the relation of LCT and ~ C T  to polyunsatura ted  
acids but  has also been observed in other respects. 
In  our own work it was found that  MCT promotes 
growth better than  does LCT (15), tha t  MCT pro- 
tects the animal against  the effects of highly rancid 
fa ts  whereas LCT aggravates  the condition (14). 
LCT increases the tendency of the animal to deposit 
neutra l  f a t ;  MCT does. the opposite (15, 26). Some 
of the differences observed by others have been cited 
in the introduction. 

Summary 
1. Effects of medium-chain (C6-C~2) sa turated tri- 

glycerides (MCT) and long-chain (CI~-Cls) satu- 
rated tr iglyeerides (LCT)  with and without lin- 
oleie acid (LA) supplementat ion were studied on 
rats fed purified diets. 

2. With  2% linoleic acid rats  fed MCT and LCT grew 
somewhat bet ter  than those on a low-fat diet with 
the same supplement.  Wi thout  linoleic acid those 
fed MCT grew better, and those fed LCT grew 
worse than those on the corresponding low-fat diet. 
MCT seemed to decrease, and LCT to increase lin- 
oleic acid requirements.  
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3. In  survival  studies 14 out of 18 rats  fed 20% MCT 
were alive af ter  2 years ;  of their controls fed 20% 
lard, 10 out of 19 survived. 

4. Reproduct ion studies in females gave equally poor 
results on unsupp]emented low fat,  MCT, and LCT 
diets regarding- implantat ion,  bir th weight, and 
survival  rate. The weaning weights of the young 
on /VfCT were however the highest. With  2% LA 
weaning weights were equally high with LCT and 
MCT but  lower with low-fat diet. 

5. In  animals fed low-fat diets not supplemented with 
LA, low serum cholesterol was associated with high 
liver cholesterol. With  MCT, serum values were 
higher and l iver values were significantly lower. 
With unsuppleniented LCT, serum and liver values 
were high. When the three diets were supple- 
mented with 2% ]~A, there were no longer any  
differences in the serum levels and in the liver 
levels. Whether  or not the presence of some oleate 
in the MCT and LCT influenced the cholesterol 
results is not certain. 

6. The differences in the effects of MCT and LCT 
are discussed. 
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C OCOA BUTTER is a fa t  of unusual  physical prop- 
erties. I t  melts completely at 33~ or slightly 
below body t empera tu re ;  it is a hard  brit t le 

solid at normal  room temperatures,. Cocoa but ter  is 
used in confectionery products  largely because its 
physical propert ies  contribute to glossy coatings, ab- 
sence of stickiness, and favorable volume changes in 
the molding operation. Because of the demand for  
the propert ies  cocoa but ter  imparts ,  large quantit ies 
of the bean are imported even when domestic fats  
are in plent iful  supply.  

The unique melt ing eharacteristies of cocoa but ter  
are a eonsequenee of the a r rangement  of the f a t t y  
acids in its glyeerides. This fact  is i l lustrated by eom- 
parison of cocoa but ter  with mut ton tallow, which is 
similar to it in f a t ty  acid composition but  different 
in physical propert ies  and unsuitable for use as a 

1 Presented at Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy, Exposition of :Modern LaboraWry Equipment, 
Pittsburgh, Pa., March 3, 1958. 

2This paper reports research undertaken in cooperation with the 
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assigned number 991 in the series of papers approved for publieas 
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authors. They are not to be construed as necessarily reflecting tile 
views or indorsement of the Department  of Defense. 

a This is a laboratory of the Northern Utilization Research and Devel- 
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AgTicultnre. 

confectionery fat. Recent work has shown tha t  o]eic 
acid is predonlinately in the 2 position in cocoa but- 
ter  (3, 11, 12, 15) and that  palmito-oleo-stearin is the 
main glyceride. 

The glyceride composition of cocoa but ter  has been 
investigated by Hilditeh and Stainsby (8) and by 
Meara (13), using fract ional  crystall ization tech- 
niques. Recently countercurrent  distr ibution has been 
shown to be an effective technique for the fraetiona- 
tion of glyceride oils (5, 16, 17). Exper imenta l  results 
obtained with this technique and described and dis- 
cussed in this. paper,  are in general agreement  with 
previous data of Hildi tch (8) and of Meara (13). 

:Experimental 

Iodine vahles were determined by the ~Vijs pro- 
cedure (1), which was sealed down to allow for the 
small samples available. Linoleic acid was: determined 
by the 45-rain. alkali isomerization method of Brice 
et al. (2) .  Oleic acid content was calculated f rom the 
iodine value and the linoleic acid content, mid satu- 
rated acids are reported as the difference between the 
sum of the unsa tura ted  acids and 100%. Stearie  acid 
was determined by a modification of the Ni jkamp 
chromatographic  procedure (1~). Palmit ic  acid was 


