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idly and that  adequate numbers of microorganisms are 
present in all samples to cause biodegradability. The 
initial inoeulum is not critical as long as it is adequate 
to cause the lauryl  sulfate to degrade in two days. 
Increasing the inoeulum beyond this point does not 
seem to cause an appreciable increase in the rate of 
degradation and it does not cause a more complete 
degradation. Final  levels of degradation are the same 
as in the s tandard river die-away test, with the ae- 

celerated test simply compressing the test time to less 
than one-half. 
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Abstract 
The glyceride compositions of seven animals 

and seven vegetable fats have been determined by 
GLC analysis of the oxidized esterified glycerides 
as described in an earlier paper in this series. The 
compositions determined are compared with those 
calculated f rom lipase hydrolysis data according 
to the method of VanderWal.  Good agreement 
was found between the calculated and determined 
compositions for  the majori ty  of the 14 fats. The 
exceptions were human fat  and the more satu- 
rated vegetable fats, pahn oil and cocoa butter,  
where some discrepancies occurred. 

Introduction 
T tiE OZ~C aNabYSIS Of oxidized esterified glycerides 

(1) provides a rapid and accurate means of deter- 
mining the fa t ty  acid distribution in natural  fats. 
Initial  investigations on a few fats showed good agree- 
ment between the determined glyceride composition 
and that  calculated from lipase hydrolysis data ac- 
cording to the method of VanderWal  (2). The pres- 
ent work extends this type of analysis to 14 animal 
and vegetable fats. The results obtained are compared 
with those calculated from lipase hydrolysis data. 

Experimental 
The vegetable oils studied were commercial, refined 

and bleached samples. The anhnal fats were cold- 
extracted with chloroform from fresh adipose tissue. 
Twenty mg of each fat  was oxidized with perman- 
ganate-periodate as described earlier (1).  The re- 
sulting azelao-glycerides were methylated with diazo- 
methane and the oxidized esterified glyeerides ana- 
lysed by GLC. Conditions for GLC analysis and 
methods of calculation were as previously described 
(1). 

The original f a t ty  acid compositions of the fats 
were determined by GLC of their methyl esters on 
an o-phthMie-ethylene glycol column. The method of 
Youngs (3) was used for lipase hydrolysis in which 
the composition of the liberated fa t ty  acids was de- 
termined rather  than that  of the unhydrolysed mono- 
glyeerides. All results are reported as mole percent- 
ages. 

Results and Discussion 
Tables I and I I  give the glyeeride compositions as 

determined and as calculated from lipase hydrolysis 
data. Since the separation of the oxidized esterified 
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Analysis 

glyeerides by GLC is dependent on their effective 
carbon nmnber, those glyeerides giving rise to the 
same carbon number emerge together and are deter- 
mined as a group as indicated in the tables. The 
individual glycerides can be calculated from lipase 
hydrolysis data and this has been done. Comparisons 
are then made on the basis of the sum of the calcu- 
lated glyeerides in a group where two or more glye- 
erides have the same carbon nmnber. Since myristie 
acid is a minor component in the fats investigated, 
the calculated proportion of myristic-eontaining glyc- 
erides is small. Glycerides containing more than one 
myristic acid are less than 0.1%. 

Tables I i I  and IV give the original f a t ty  acid 
compositions of the fats, as determined by GLC 
of their  methyl esters, and those calculated f rom the 
glyceride compositions obtained. The agreement be- 
tween these compositions for the individual fats serves 
as a check on the glyceride analysis. The fa t ty  acid 
composition in the 1-3 positions is also given in the 
Tables. These lat ter  figures were used in calculating 
the glycride cmnpositions on the basis of VanderWal ' s  
theory. 

Good agreement between the determined and calcu- 
lated compositions was found for linseed, corn, olive, 
cottonseed and soybean oils. For  the more saturated 
fats, cocoa but ter  and palm oil, the proport ion of di- 
saturated glycerides found was somewhat higher than 
that  calculated, with the remaining glycerides being 
lower than calculated. In  view of the good agreement 
obtained for the other vegetable fats, this suggests 
that  the actual glyeeride distribution for the more 
saturated vegetable fats may be slightly different than 
that  predicted from lipasc hydrolysis data. This how- 
ever, requires fu r ther  investigation. 

Agreement between the calculated and determined 
glyeeride compositions for  the animal fats  was gen- 
erally good with the exception of human fat. In 
the lat ter  ease considerably more monosaturated glyc- 
erides were found than would be expected from 
lipase hydrolysis data, with a corresponding drop 
in the proportions of the ful ly  unsaturated glycerides 
and more saturated glycerides. A similar pa t tern  
was found for two other samples of human fat. Since 
humans undoubtedly receive a much higher propor- 
tion of dietary fat  than the other animals tested, 
this discrepancy may represent the effect of com- 
bined endogenous and exogenous fats. 

In  general it appears that  glyceride composition 
calculated on the basis of lipase hydrolysis data pro- 
vides a good estimate for  the major i ty  of natural  
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TABLE I 

O I y c e r i d e  C o m p o s i t i o n  of X l e g e t a b l e  F a t s  

VOL. 41 

C a r b o n  N o .  3 6  3 8  4 0  4 2  4 4  4 6  4 8  5 0  52  5 4  

U s  M U 2  P U s  S U ~  P 2 U  P S U  S U ~  P ~ S  S~P  S s  
P o s s i b l e  g l y c e r i d e s  M u U  M P U  M S U  M P e  P3  M S 2  

Ms M2P MeS MPS 

P a l m  o i l  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L i n s e e d  o i l  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Corn o i l  
Found . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o c o a  b u t t e r  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  oi l  

F o u n d  ............................................................ 
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o t t o n s e e d  o i l  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S o y b e a n  o i l  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . 9  0 . 9  3 0 . 5  7 .6  3 5 . 6  8 .8  9 .1  1 .3  0 .3  .... 
9 . 4  1 .1  2 9 . 9  6 .1  3 0 . 1  9 .1  9 .8  3 .8  0 . 5  ,.. 

7 3 . 0  .... 1 7 . 3  8 .0  1 .0  0 .6  . . . . . . . . . . . .  
6 9 . 6  . 1 8 . 9  8 . 4  1 .5  1 .3  6 .3  . . . . . . . . . . .  

6 0 . 5  . 3 0 . 0  4 .3  4 . 0  1 .1  0 .2  .... . . . . . . . .  
6 0 . 2  3 1 . 1  3 . 8  4 . 4  0 .3  0 .3  0 .1  . . . . . . .  

0 . 8  . .  6 . 2  8 . 8  1 9 . 1  3 9 . 9  2 2 . 7  1 .4  1 .1  
1 .6  9 .7  1 1 . 3  1 5 . 1  3 5 . 3  2 1 . 3  2 .2  2 . 5  1 .0  

59.6 ... 29.8 5.8 3.8 1.0 . . . . . . . . . . . .  
59.9 _ .  28.7 6.0 3.7 1.4 O~Z . . . . . . . . . . .  

2 7 . 1  2 . 0  4 2 . 4  6 .5  1 8 . 0  3 . 0  1.O . . . . . . . . . .  
2 6 . 6  1 .5  4 3 . 6  5 .8  1 8 . 8  3 .0  0 ,7  . . . . . . . . . . . .  

5 5 . 5  .... 2 8 . 0  9 .2  4 . 8  2 .3  0 .2  . . . . . . . . . . . .  
5 6 . 5  2 7 . 2  1 0 . 0  3 .3  2 . 4  0 . 6  

U - - u n s a t u r a t e d  a c i d s ;  M - - m y r i s t i c  a c i d ;  P - - p a l m i t i c  a c i d  a n d  S - - s t e a r i c  a c i d .  

T A B L E  I I  
G l y c e r i d e  C o m p o s i t i o n  of  A n i m a l  F a t s  

C a r b o n  No .  3 6  3 8  4 0  4 2  4 4  4 6  4 8  5 0  52  5 4  

U 3  M U 2  P U s  S U s  P ~ U  P S U  S U ~  P ~ S  S e P  S s  
P o s s i b l e  g l y c e r i d e s  M s U  M P U  M S U  M P e  P a  M S 2  

M s  M ~ P  M~-S M P S  

H u m a n  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D o g  
F o u n d  ...................................................... 
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G r o u n d  s q u i r r e l  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C h i c k e n  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P i g  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R a b b i t  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G u i n e a  p i g  
F o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 1 . 8  3 . 6  4 5 . 7  1 3 . 6  1 2 , 6  2 . 7  
3 2 , 0  3 . 4  3 4 . 5  1 0 . 1  1 1 . 9  5 .4  i i ~  0.7 O:i .... 

4 . 4  0 . 9  0 . 4  .... 
4 . 2  2 . 0  0 . 8  .... 

o:g :::: :iii .... 

1 . 6  0 . 4  . - 

1 .7  0 .7  0 .1  . 

1 .9  1 .8  2 . 2  
2 . 4  2 . 2  2 . 4  01~ 

2 . 0  0 . 6  . . . . . . . .  
2 . 0  0 . 6  . . . . . . . .  

2 . 0  0 . 4  . . . . . . .  
1 .3  0 . 9  

2 0 . 3  4 . 2  2 4 . 8  2 0 . 7  1 4 . 1  1 0 . 2  
2 2 . 8  4 . 4  2 5 . 8  1 7 . 1  1 1 . 7  1 0 . 8  

5 5 . 0  3 .0  3 3 . 1  4 . 2  4 . 2  0 . 5  
5 5 . 8  2 .0  3 1 . 6  4 . 0  5 .2  1.1 

3 1 . 6  1 .5  3 6 . 7  1 0 . 6  1 2 . 9  4 . 7  
3 1 . 7  1 .6  3 4 . 9  1 1 . 1  1 1 . 9  6 .3  

1 4 . 5  2 .3  3 8 . 0  1 4 . 3  6 . 7  1 8 . 3  
1 3 . 6  2 . 0  3 7 . 1  1 2 . 7  7 . 7  1 9 . 7  

2 7 . 6  3 . 6  3 6 . 4  1 3 . 5  1 2 . 0  4 .3  
3 1 . 1  4 ,3  3 4 . 2  9 .5  1 3 . 4  4 . 9  

3 1 . 1  .... 3 4 . 3  1 4 . 0  1 3 . 2  5 .0  
3 3 . 0  .... 3 5 . 9  9 .2  1 3 . 7  6 .0  

U - - u n s a t u r a t e d  a c i d s ;  M - - m y r i s t i c  a c i d ;  P - - p a h n i t i c  a c i d  a n d  S - - s t e a r i c  a c i d .  

T A B L E  I I I  T A B L E  

F a t t y  A c i d  C o m p o s i t i o n  of  V e g e t a b l e  F a t s  

P a l m  o i l  
O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . .  

L i n s e e d  o i l  
O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . . . .  

C o r n  o i l  
O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . . .  

C o c o a  b u t t e r  
O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . . .  

O l i v e  o i l  
O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . .  
C o t t o n s e e d  o i l  

O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . . .  

S o y b e a n  o i l  
O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - 3  p o s i t i o n s  

M P S U 

I V  

F a t t y  A c i d  C o m p o s i t i o n  of  A n i m a l  F a t s  

H u m a n  
1 .7  4 5 . 5  6 .3  4 6 . 5  O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . 7  4 6 . 7  5 .7  4 5 . 9  C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . 2  5 1 . 9  6 .5  3 9 . 4  1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . .  

D o g  
.... 7 . 8  3 . 4  8 8 . 8  O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 6 . 8  2 . 9  9 0 . 3  C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 1 0 . 2  5 .1  8 4 . 7  1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . .  

G r o u n d  s q u i r r e l  
.... 1 3 . 5  1 .8  8 4 . 7  O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 1 3 . 1  1 .9  8 5 . 0  C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 1 7 . 7  2 . 5  7 9 . 8  1--3 p o s i t i o n s  . . . . . . . . . . . . . . . . . .  

C h i c k e n  
.... 2 8 . 1  3 2 . 9  3 8 . 3  O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 2 9 . 1  3 2 . 8  3 8 . 1  C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 4 0 . 1  4 6 . 8  1 3 . 1  1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . .  

P i g  
.... 1 2 . 6  2 . 6  8 4 . 8  O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.... 1 2 . 7  2 .3  8 5 . 0  C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . .  

.... 1 9 . 0  4 .1  7 6 . 9  1--3 p o s i t i o n s  . . . . . . . . . . . . . . . . . . .  
l ~ a b b i t  

1 . 0  2 9 . 8  2 . 4  6 6 . 8  O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 . 1  2 8 . 5  2 . 8  6 7 . 6  C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 .2  4 2 . 9  2 . 4  5 3 . 5  1 - 3  p o s i t i o n s  . . . . . . . . . . . . . . . . . . . .  

G u i n e a  p i g  
.... 1 2 . 2  4 , 4  8 3 , 4  O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 1 3 . 3  4 . 0  8 2 . 7  C a l c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.... 1 8 . 1  6 . 6  7 4 . 7  1 - 3  p o s i t i o n s  . . . . . . . .  

U - - u n s a t u r a t e d  a c i d s ;  M - - m y r i s t i c  a c i d ;  P - - p a ! m i t i c  a c i d  a n d  
S - - s t e a r i c  a c i d .  

fats, p a r t i c u l a r l y  for  those of commercial  interest .  
0 n l y  the i n d i v i d u a l  s a tu ra t ed  acids have been con- 
s idered here, the u n s a t u r a t e d  acids be ing considered 
as a group.  Tha t  the d i s t r i bu t ion  of i n d i v i d u a l  
u n s a t u r a t e d  acids may  also be calcula ted in  this way  
is i nd ica ted  by  a previous  pub l i ca t i on  (4) where 
the d i s t r i b u t i o n  of each i n d i v i d u a l  acid was deter-  
mined  for  two fats. 

M P S U 

2 . 4  2 3 . 4  5 .2  6 9 . 0  
2 . 0  2 5 . 3  4 . 6  6 8 . 1  
2 . 4  2 8 . 5  6 .8  6 2 . 3  

4 .2  2 2 . 8  1 1 . 7  6 1 . 0  
3 .8  2 4 . 0  1 1 . 3  6 0 . 9  
2 . 7  2 2 . 9  1 6 . 5  5 8 . 2  

1 .0  1 4 . 8  1 .5  8 2 . 7  
1 .0  1 4 . 2  1 .5  8 3 . 3  
0 .9  2 0 . 1  2 .0  7 7 . 0  

1 .1  2 3 . 6  6 .2  6 9 , 1  
1 .0  2 4 . 0  5 .1  7 0 . 1  
1 .1  2 8 . 9  9 .0  6 1 . 0  

1 .5  2 6 . 0  1 2 . 5  6 0 , 0  
l .O  2 5 . 8  1 3 . 8  5 9 . 4  
0 , 7  8 .2  1 8 . 9  7 2 . 2  

3 .2  2 4 . 6  5 .3  6 6 . 9  
3 .5  2 4 . 0  5 .5  6 7 . 0  
1 .8  2 7 . 4  7 .8  6 3 . 0  

.... 2 4 . 0  5 .9  7 0 . 1  

.... 2 3 . 6  6 .9  6 9 . 5  
2 7 . 3  8 .5  6 4 . 2  

U - - u n s a t u r a t e d  a c i d s ;  M - - m y r i s t i c  a c i d ;  P - - p a l m i t i c  a c i d  a n d  
S - - s t e a r i c  a c i d .  
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