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I 
N AN EFFORT to explain the relatively high content 

of stearic acid in " s t ea r i c - r i eh"  animal fat  Hil- 
ditch and his school have postulated that  palmityl- 

dioleins are first synthesized in the tissues of such 
animals and then converted to palmitylstearins by a 
tissue "biohydrogenation" process (1, 2, 3). This 
hypothesis was supported by the observation that  the 
percentage of ful ly  saturated glycerides in these fats 
is not very  different f rom that  calculated on the basis 
of " r a n d o m "  distribution. Convincing evidence was 
adduced from the fact that  the pahnitic acid content 
is the normal 25-30% of other animals and that the 
increase in saturated acids, which may reach 60%, 
is at tr ibutable entirely to the replacement of oleic by 
stearic acid. 

With the exception of some pig fats the "stear ic-  
r i c h "  depot fats are limited to ruminants.  The fa t ty  
acid composition of ruminant  animal depot fa t  is fur- 
thermore much less affected by the nature  of dietary 
fat  (4, 5) than that  of nonruminants.  These facts 
suggest that  the rumen microorganisms may be re- 
sponsible for  the hydrogenat ion of the dietary fat, 
which is then digested, absorbed, randomly resyn- 
thesized, and deposited. 

This hypothesis has been supported by a prel iminary 
s tudy in which linolenic acid was part ia l ly  hydrogen- 
ated in vitro by rumen contents (6). The hypothesis 
was later offered as the explanation for the paradoxical 
presence of more saturated and less oleic acids in the 
depot fat  of steers fed cottonseed oil than in the con- 
trols (7). Later  Har tman,  Shorland, and McDonald 
refer red  to this hypothesis as the explanation for  the 
presence of trans monoethenoic acids in ruminant  
depot fat  (8 ) ;  and Shorland, Weenink, and Johns 
verified it by  feeding pasture grass rich in linolenic 
acid to sheep and demonstrat ing its hydrogenation to 
saturated acids (9). 

In  order to test the hypothesis in this laboratory 
four  adult  goats were placed on an alfalfa meal regi- 
men. Two were fed 10% cottonseed oil in the alfalfa 
meal and two 10% linseed oil. Af ter  being maintained 
on this rat ion for 11 weeks the animals were sacrificed 
six hours a f te r  the last meal. The f a t ty  acid composi- 
tion of samples of back fat  and of the contents of the 
rumen, abomasum, and caecum were compared to that  
of the feed. 

Some technical difficulties were encountered in the 
extraction of clear colorless f a t ty  acids f rom the sam- 
ples. Adsorbents were found selectively to adsorb 
unsatura ted fa t ty  acids as well as pigments. The 
method finally used was to saponify the entire ~ m p l e  
with alcoholic potassium hydroxide.  The extract  and 
alcoholic washings were reduced in volume under  
reduced pressure, and the nonsaponifiables were re- 
moved as completely as possible with Skelly B. 

The soaps were decomposed with HC1, and the 
acids were extracted with Skelly B. Af te r  removal of 
the solvent the fa t ty  acids were distilled in a flask 
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designed for the purpose. This consisted of a 25-ml. 
round bottom flask, the neck of which was fused 1~ in. 
into the bottom of a 50-ml. round bottom flask. The 
sample was placed in the bottom (25-ml.) flask by 
means of a dropping pipette and distilled into the 
50-ml. flask by means of vacuum and a rotat ing 
evaporator. The prot ruding neck of the bottom flask 
prevented the distilled acids f rom re turn ing  to the 
distillation bulb. 

This system has a very  short distillation path, 
results in very  little loss due to wetting of the glass- 
ware, reduces oxidation and destruction by heat to a 
minimum, and requires very  little time. 

The fa t ty  acids were determined according to the 
method of Brice, Swain, Schaeffer, and Ault  (10), 
as corrected (11). 

The results of the analyses are given in Table I. 

T A B L E  I 

Changes  in  F a t t y  Acid Composi t ions  of Ra t i ons  at  V a r i o u s  Levels  in  t h e  
Gas t ro in t e s t i na l  T r a c t  of t he  Goat  

Alfa l fa-Cot tonseed Oil R a t i o n  

Goat  Sample  
no. 

.... Feed 
1 R u m e n  
2 R u m e n  
2 A b o m a s u m  
2 C a e c u m  
2 B a c k  f a t  

I F a t t y  Acids  I o d i n e  J 
va lue  Oleie Linole ic  Linolen ic  S a t u r a t e d  

p 100.5 ] 29.4 ] 35.0 4.1 I 31.5 
47.3 I 49.3  I 1.4 t 0,4 I 49.0 
40.6 I 29.0 I 6.5 1.2 63.5 
31.3 ] 25.4  ] 3.3 1.0 70.4 
26.0 I 22.6  ] 3.2 0.1 74.7 

I 46.6 I 36.3 I 7.1 ] 0.6 I 56.1 

Al fa l f a -L inseed  Oil Ra t ion  

.... Feed  180.6 15,5 14.6 51.5 18,5 
1 R u m e n  49.0 33.5 3,2 4 9  58.4 
2 R u m e n  65,5 41.0  5.9 617 46.4  
2 Caecum 63.4 54.2 2.4 4.0 40.5  
1 B a c k  f a t  54.7 48.5 4.7 1.2 45.5 
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Because of the limited amount  of material, all an- 
alyses are given. 

Pract ical ly  all of the changes took place in the 
rumen, with some continued hydrogenation taking 
place between rumen and caecum. The linoleic and 
linolenic acids of linseed oil were converted to both 
oleic (including palmitoleic) and saturated acids. 
This was also t rue in the rumen of goat number  1 
on cottonseed oil, but  in goat number 2 there was 
actual ly less oleic acid in the stomach and caecum 
than in the feed. 

The back fat  shows some influence of the diet, not 
so much in the levels of the linoleic and linolenic 
acids as in the amounts of oleic and saturated. Even 
though these were adult  animals on experiment only 
11 weeks, the back fat  of the goats on the two diets 
shows a distinct difference. The back fat  of the cot- 
tonseed fed animals contained more saturated and 
less oleic than those fed linseed oil. 

Discussion 

There are a number of possible alternative inter- 
pretat ions of the observation of the present study. I t  
is conceivable that  unsaturated fa t ty  acids are pref- 
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erentially adsorbed from the rumen, or are preferen- 
tially passed from the rumen, leaving the saturated. 
These possibilities are most unlikely. The rumen is 
incapable of absorbing long chain fa t ty  acids, and the 
resolution of a solution of saturated and unsaturated 
acids in a churning milieu such as a rumen must be 
considered impossible. 

Another  alternative is that the unsaturated acids 
are oxidized to short chain acids and these are resyn- 
thesized to saturated acids. Since the synthesis of 
saturated fa t ty  acids f rom acetate is a proven phe- 
nomenon, this may take place to some degree, but  
to the author ' s  knowledge nowhere in all the ra ther  
voluminous l i terature on the short chain acids of the 
rumen has this been observed to occur. On the con- 
t rary ,  short chain acids are absorbed to a considerable 
degree directly from the rumen. 

There is the possibility that  the unsaturated acids 
are oxidized to short chain acids in the rumen and 
absorbed there, leaving the saturated acids. However 
Shorland has shown that  the saturated acids in the 
rumen are mainly stearic. The saturated acids of 
linseed and cottonseed oil are mainly palmitie. 

The interpretat ion that  the dietary linoleic and 
linolenic acids of the goat are converted in the rumen 
to oleic and saturated acids explains the high level 
of stearic acid in the tissues of ruminant  animals and 
the relative lack of influence of dietary fa t ty  acids 
on the depot fa t  of these animals. Previous work in 
this laboratory (7) has shown that  the inclusion of 
5% of cottonseed oil in an otherwise low fat  rat ion of 
fa t tening steers resulted in a fa t  of higher saturated 
and lower oleic acid than the controls. Linoleic and 
linolenic acids were not affected. This paradox was 
explained by the hypothesis that  the exogenous fat, 
hydrogenated in the rumen, contained more saturated 
and less oleic than endogenously produced fat. The 
present data substantiate this interpretat ion.  Endog- 
enous animal fa t  produced on " f a t - f r e e "  rations is 
about 35% saturated and about 65% or more oleic 
and palmitoleic (12, 13, 14). Rumen fat, af ter  inges- 
tion of cottonseed oil, contained between 50 and 60% 
saturated acids and only 30 to 50% monoetheuoid 

acid. Thus the addition of cottonseed oil to a low fat  
cattle ration actually would paradoxically increase 
the level of the saturated acid and reduce the level of 
the oleic (monoethenoid) acid. Others have also found 
that  the ingestion or ra ther  large quantities of soy- 
bean and other unsaturated fats to steers for  260 
days had little influence on the iodine number  or firm- 
ness of the depot fats (5). No analysis was made of 
the fa t ty  acid composition. 

Summary 
Goats were fed alfalfa meal containing 10% cotton- 

seed or linseed oil. Af ter  11 weeks the fa t ty  acids of 
rumen, stomach, and caecum contents were compared 
to those of the feed. 

I t  was found that  the high levels of linoleic and 
linolenic acids of the feed were reduced to very  low 
levels in the rumen, with comparable increases in the 
saturated acids. Monoethenoid acids were increased 
a f te r  linseed oil ingestion and in one animal af ter  
cottonseed oil ingestion. 

The ratio of monoethenoid to saturated acids in the 
rumen fat  was lower than in the endogenous fat  of 
nonruminant  animals. This explains the paradox of 
the low ratio in the depot fat  of ruminants  even af ter  
the ingestion of highly unsaturated fats. 
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u NDER MILD CONDITIONS OF OXIDATION t h e  yield o f  

hydroperoxides in the initial stages of the autoxi- 
dation of methyl linoleate is believed to be vir- 

tually quanti tat ive (4, 8, 10, 12, 16), that  is, secondary 
oxidation of hydroperoxides has been considered to 
be relatively unimpor tant  in the early stages of the 
reaction. In fact, Bolland (7) suggested that  hydro- 
peroxides formed in the autoxidation of ethyl lino- 
leate would be less likely to undergo oxidative attack 
than ethyl linoleate because less resonance energy 
would be made available on radical formation. 

Notwithstanding, there are a number  of observa- 
tions peculiar to the autoxidation of methyl linoleate 
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that  remain unexplained. Notable among these is the 
amount  of diene conjugation formed dur ing the re- 
action. The average value of about 23,000 for the 
molecular extinction coefficient for the peroxides 
formed in the autoxidation of methyl linoleatc is 
much lower than that  determined for cis, trans diene 
conjugated methyl octadecadienoate (14, 17). This 
cannot  be explained on the basis of our  present knowl- 
edge unless one takes the unat t ract ive view that  non- 
conjugated hydroperoxides are produced. Formation 
of nonconjugated hydroperoxides has not been demon- 
strated in the autoxidation of methyl linoleate, and 
from thermodynamic and other considerations it ap- 
pears unlikely that  they are produced in an amount  
sufficient to account for the low molecular extinction 
(4, 21, 22). 


