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T H E  distribution of the constituent fa t ty  acids of 
fats has been the subject of much investigation. 
The most extensive work was done by  Hilditch 

and coworkers, who discovered that  some fats con- 
form approximately to what they call the " r u l e  of 
even dis t r ibut ion."  This rule has been expressed most 
recently as follows (1) : 

1. W h e n  a g i v e n  f a t t y  a c i d  A f o r m s  a b o u t  3 5 %  ( m o l )  o r  
m o r e  o f  t h e  t o t a l  f a t t y  a c i d s  ( A  q -  X )  i n  a f a t ,  i t  w i l l  oc- 
c u r  a t  l e a s t  o n c e  G ( A X : )  i n  p r a c t i c a l l y  a l l  t h e  t r i g l y c e r -  
i d e  m o l e c u l e s  o f  t h e  f a t  i n  q u e s t i o n .  3 

2. I f  i t  f o r m s  f r o m  a b o u t  35  t o  a b o u t  6 5 %  ( r e e l )  o f  t h e  
t o t a l  f a t t y  a c i d s  ( A  + X ) ,  i t  w i l l  o c c u r  t w i c e  G ( A f X )  i n  
a n y  g i v e n  t r i g l y c e r i d e  m o l e c u l e  i n  s o m e  i n s t a n c e s ,  a n d  
o f  c o u r s e  m o r e  f r e q u e n t l y  t h e  h i g h e r  t h e  p r o p o r t i o n  o f  
t h i s  a c i d  i n  t h e  t o t a l  f a t t y  a c i d s .  

3. I f  i t  f o r m s  7 0 %  o r  m o r e  o f  t h e  t o t a l  f a t t y  a c i d s ,  t h e  r e -  
m a i n i n g  f a t t y  a c i d s  ( X )  c a n  a t  m o s t  o n l y  f o r m  m i x e d  
g l y c e r i d e s  G ( A f X ) ,  a n d  t h e  e x c e s s  o f  A t h e n ,  a n d  b r o a d l y  
s p e a k i n g  t h e n  o n l y ,  a p p e a r s  a s  a s i m p l e  t r i g l y c e r i d e  G ( A s ) .  

4.  A m i n o r  c o m p o n e n t  a c i d  w h i c h  f o r m s  m u c h  l e s s  t h a n  a b o u t  
a t h i r d  o f  t h e  t o t a l  f a t t y  a c i d s  (e.g., 15% o r  l e s s ) ,  w i l l  
n o t  o c c u r  m o r e  t h a n  o n c e  i n  a n y  t r i g ] y c e r i d e  m o l e c u l e  
( a n d ,  o f  c o u r s e ,  n o t  a t  a l l  i n  m a n y  o f  t h e  t r i g l y c e r i d e  
m o l e c u l e s ) .  

Hilditch (1) is of the opinion that  the rule holds 
in the initial synthesis  of animal as well  as vegetable 
fats  and that in the former some of the triglycerides 
are modified by a secondary reaction. It  has been 
suggested that some marine fats such as whale oil and 
herring oil conform to the rule (2) .  According to 
Lovern (3) porpoise body fa t  does not conform to 
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the rule, and Green and Hilditch (4) state that green 
turtle depot fat  also does not obey it. 

Longenecker (5) and Norris  and 3/[attil (6)  favor 
the hypothesis  that in animal fats the fat ty  acids are 
distributed in an approximately  random manner.  Do- 
erschuck and Daubert  (7) state that the acids in corn 
oil are distributed according to a "part ia l  random" 
pattern. 

In Part  I of this series (8) a procedure for the 
determination of the four  glyceride types, GS3, GSfU, 
GSUf, and GU3, was described. 

The glyceride compositions of 27 natural  fats deter- 
mined by this procedure are given in Table I. 

In Table II  are presented the glyceride-type com- 
positions of 46 natural  fats  calculated from crystal- 
l ization data according to the procedure of Hilditch 
and Meara (9) .  The data are from various sources 
(10 to 42 inclusive) .  In many  cases the mol  percent- 
age of saturated acids reportedly found by  analysis 
does not agree with the g lyceride-type  composit ion 
found by  fractional crystallization. In such cases the 
mol per cent of S has been calculated from the re- 
sults of glyceride-type analysis by  the latter method. 

In Table II  are also given the results obtained by 
c a l c u l a t i o n  according to a new rule for glyceride- 
type distribution, which will  be presented later in 
this report. These results were calculated from the 
reported GSa contents and the reported or calculated 
S contents. 

The results given in Tables I and II show a num- 
ber of characteristic features:  

1. T h r o u g h o u t  a l m o s t  t h e  e n t i r e  s e r i e s  v a l u e s  f o r  G S ~ U  a n d  
G U 8  a r e  h i g h e r  b y  t h e  p r e s e n t  p r o c e d u r e  t h a n  t h o s e  c a l -  
c u l a t e d  f r o m  c r y s t a l l i z a t i o n  da ta . ,  o r  a c c o r d i n g  t o  t h e  r u l e  
o f  e v e n  d i s t r i b u t i o n ,  w h e r e a s  t h o s e  f o r  G S U ~  a r e  l o w e r .  
I n  c a s e s  w h e r e  t h e  a m o u n t  o f  G U ~  p r e s e n t  i s  s m a l l ,  t h e  

T A B L E  I 

Glycer ide  T y p e  Composi t ion of Some  N a t u r a l  F a t s  as  Obta ined  by the  P r e s e n t  ~ e t h o d  

F o u n d  : P r e s e n t  P r o c e d u r e  Calcula ted  : P r e s e n t  Calculated : E v e n  D i s t r i bu t i on  
No. F a t  (Mol % )  P r o c e d u r e  (~Iol % )  (Mol % )  

1. Apr ico t  K e r n e l  Oil .............................. 
2. L in seed  Oil .......................................... 
3. Sesame  Oil ........................................... 
4. S a m a d e r a  I n d i c a  Oil .......................... 
5. P e a n u t  Oil .......................................... 
6. F o e n u g r e e k  Seed Oil ........................... 
7. Almond  K e r n e l  Oil ............................... 
8. Corn Oil ............................................... 
9. Cot tonseed  Oil ...................................... 

i 0 .  Calophyl lum Oil ................................... 
11. S h a r k  L i v e r  Oil ................................... 
12. P e n g a m i a  G l a b r a  Oil ........................... I 
13. D u c k  F a t  .............................................. I 
14. Theve t i a  N e r u f o l i u m  Oil ...................... I 
15. T e r m i n a l i a  Ca t t appa  Oil ...................... 
16. T e r :  Be l le r ica  Oil ................................. F 
17. l~eem Oil . . . . . . . . . . . . . . . . . . . .  
is. Mowhr~ ell ................................ :.::::::::l 
19. S a r c o s t i g m a  Kle in i i  fa t  ........................ i 

P a l m  Oil ............................................... 
21.20" ~fa ter ia  I n d i e a  F a t  ............................... 
22. O a r c i n i a  Cambog ia  F a t  ......................... / 
23. G a r c i n i a  I n d i c a  F a t  ............................. / 
24. Ox Depot,  A u s t r a l i a n  . . . . . . . . . . . . . . .  
25.  Ox Depor  I n d i a n  ................................. 
26.  Goat,  Di t to  ...................................... ; .... 
27.  Ac t i nodaphne iHooke r i  F a t  .................... 

S 
(Mol % )  

8 
13 
16 
16 
2o 
2o 
22 
22 
23 
23 
24 
26 
31 
33 
38 
4o 
40 
43 
5o 
54 
57 
58 
61 
61 
63 
69 
99 

GS3 G ~ f U  GSU2 GU3 

0 1 22 77 
0 5 29 66 
0 6 36 58 
0 6 37 57 
0 9 42 49 
0 11 38 51 
0 11 47 42 
0 12 43 45 
0 13 44 43 
0 15 39 46 
0 14 33 43 
0 15 48 37 
2 19 48 31 
0 26 47 27 

T r a c e  34 46 20 
T r a c e  39 41 20 
T r a c e  39 41 20 
T r a c e  47 36 17 
T r a c e  59 30 11 

9 54 27 9 
1 76 18 5 
1 78 18 3 
1 84 13 2 

16 55 26 3 
17 58 22 3 
22 63 14 1 
97 3 O 0 

G S f U  GSU~ GUa 

1 22 77 
5 29 66 
7 34 59 
7 34 59 

10 40 50 
10 40 50 
13 42 45 
13 42 45 
14 41 45 
14 41 45 
15 42 43 
18 44 39 
21 44 33 
27 45 28 
35 44 21 
39 43 19 
39 43 19 
45 39 16 
58 33 9 
53 30 8 
73 23 3 
78 18 2 
82 15 1 
56 24 4 
59 21 3 
64 13 1 

3 0 0 

GS3 GS~U GSU2 GU8 

0 0 24 76 
0 0 39 61 
0 0 48 52 
0 0 48 52 
0 0 60 40 
0 O 60 40 
O 0 66 34 - 
0 0 66 34 
0 0 69 31 
0 0 69 3Y 
0 0 72 28 
0 0 78 22 
0 0 93 7 
0 0 99 1 
0 14 86 0 
0 19 81 0 
0 19 81 0 
0 29 71 0 
0 5O 5O 0 
0 62 38 0 
0 7 1  2 9  0 
0 74 26 0 
0 83 17 0 
0 83 17 0 
0 89 11 0 

lO 90 0 0 
97 3 0 0 

3 2 6  



T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  SOCIETY,  A U G U S T ,  1 9 5 3  3 2 7  

TABLE I I  

Glyeeride-Type Composition of Natural tVats by Fractional Crys[Mlization 2r 

No. ]~at 

1. Almond Oil (10) ................................................................................ 
2. Sa~iower Seed Oil (11) ..................................................................... 
3. Niger Seed Oil (12) ............ : ............................................................. 
4. Olive 0i! I (10) ................................................................................. 
5. Tobacco Seed Oil (11 ) ....................................................................... 
6. Gray Seal 0il (13) ............................................................................ 
7. Peanut  Oil (10) .................................................................................. 
8. Olive Oil IS (10) ............................................................................... 
9. Nea~s Foot 0il (14) ........................................................................... 

50. Her r ing  0il (15) .............................. ................................................. 
11. Cottonseed 0il I (16) ....................................................................... 
12. Sacred Baboon Fat (17) ................................................................... 
13. Cottonseed Oil I I  (18) ..................................................................... 
14. Whale 0i1 (19) .................................................................................. 
15. Neem Oil (20) ................................................................................... 
16. Sapota Oil (21) ................................................................................. 
17. Ceylon Bear Fat (17) ....................................................................... 
18. Lard  (22) .......................................................................................... 
19. Minusops Hekelii Fat  (23) ....................................... . ...................... 
20. Mowhra Oil (24) ............................................................................... 
21. Palm Oil. Grand Bassa (25) ............................................................. 
22. Pig External (26) ............................................................................. 
23. Shea Butter  (27) .............................................................................. 
24. Lophira Alata Fat  (28) ..................................................................... 
25. /-Iodgsonia Capniocarpa Fat  (29) .................................................... 
26. Gareini~ Morella. Fat  (30) ............................................................... 
27. Kangaroo Fat  (17) ........................................................................... 
28. Ewe External (31) ........................................................................... 
2 9 .  Belgian Congo Palm Oil (32) ........................................................... 
30. I~angifera Indica (33) ..................................................................... 
31. Pig Perinephric (26) ....................................................................... 
32. Palm Oil Cameroons (25) ................................................................ 
33. Shore,a Robusta F'a$ (34) ................................................................. 
34. Allaablackia Stuhlmannii (35) ........................................................ 
35. Allanblaekla ParvJflora (36) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
36. Va'~eria Indica Fat  (37) ................................................................... 
37. Ewe Perinephrle (31) ...................................................................... 
38. Beef Tallow (22) .............................................................................. 
39. Garcinia Indica  ;Fat (30) ................................................................. 
40. Heifer, English (38) ......................................................................... 
41. Allanblaekia Floribunda (36) .......................................................... 
42. Oaeao Butter  (39) .......................................................................... .. 
43. Phu lwara  Butter  (40) ...................................................................... 
44. Borneo Tallow (41) ......................................................................... 
45. Ox Depot Fat, Calicut (42) ............................................................ :. 
46. Ox Depot Bombay (42) .................................................................... 

(~:ol%) 

Found by ~ractional 
Crystallization (I~ol %)  

Calculated, Present  
Hypothesis (~Iol % ) 

6 

6 
9 

15 
15 
17 
19 
21 
22 
23 
28 
29 
31 
31 
32 
34 
34 
37 
42 
43 
45 
46 
46 
46 
50 
50 
51 
51 
51 
51 
52 ~ 
55 
55 
56 
57 
58 
58 
58 
59 
61 
62 
61 
62 
63 
69 
75 

GS3 GS2U GSU2 GSU2 GU8 

- -  - -  1 7  

- -  - -  1 8  

- -  - - -  2 6  

- -  - -  45 
. . . .  45 
- -  51 
- -  - 1  5 6  

- -  - - -  6 1  

- -  7 5 1  

- -  4 6 1  

- -  1 3  5 9  

- -  6 74 
- -  19 56 
- -  9 75 
- -  14 67 
--- 8 87 

2 7 82 
2 26 54 
1 34 55 
1 28 71 
4 41 43 
5 32 60 
4 36 55 
1 37 62 
2 60 25 
2 46 51 
1 51 48 
5 42 53 
5 44 51 

14 24 61 
9 43 45 
8 54 32 
2 63 34 
1 66 33 
2 66 32 
2 69 29 

14 48 38 
15 46 37 

1 76 21 
17 49 34 

2 81 17 
2 77 21 
8 69 23 
5 79 16 

28 52 20 
36 52 12 

GUa G S aU 

83 1 
82 1 
74 2 
55 6 
55 6 
49 8 
43 10 
39 12 
42 13 
35 14 
28 21 
20 22 
25 25 
16 25 
19 26 

5 28 
9 25 

18 35 
10 42 

O 43 
12 42 

3 42 
5 43 
0 49 

13 55 
1 55 
0 59 
O 52 
O 52 
1 38 
3 48 
6 55 
1 66 
O 70 
0 70 
0 72 
0 52 
2 51 
2 77 
0 54 
0 83 
O 80 
O 72 
0 79 
0 53 
0 54 

15 84 
15 84 
22 76 
32  I52 
32 62 
35 57 
38 52 
39 49 
40 47 
41 45 
43 36 
34 44 
44 31 
44 31 
44 30 
45 27 
44 29 
44 23 
41 16 
40 16 
39 15 
39 14 
39 14 
37 13 
34 9 
34 9 
32 8 
34 9 
34 9 
36 12 
43 10 
31 9 
27 5 
25 4 
25 3 
24 2 
28 6 
28 6 
20 2 
25 5 
15 1 
17 1 
18 2 
16 1 
17 2 

9 1 

p r e s e n t  r e su l t s  a g r e e  wel l  w i t h  those  d e r i v e d  f r o m  crys-  
t a l l i z a t i o n  d a t a .  

2. W h e r e a s  c r y s t a l l i z a t i o n  d a t a  does no t  show the  p r e s e n c e  of  
a n y  GS2U in  oils w i t h  a s a t u r a t e d  ac id  c o n t e n t  of  less 
t h a n  22 m o l  p e r  cen t ,  t h e  p r e s e n t  r e su l t s  show t h a t  GS2U 
is p r e s e n t ;  a n d  w i t h  a n  S c o n t e n t  b e t w e e n  12-22 tool p e r  
cen t ,  t h e  p r o p o r t i o n s  of  G S : U  a r e  c o n s i d e r a b l e .  

3. T h e  p r e s e n t  r e su l t s  show t h a t  in  oils w i t h  S c o n t e n t  less 
t h a n  a b o u t  30 tool p e r  cen t ,  w h e r e  OSa a c c o r d i n g  t o  c h a n c e  
w o u l d  b e  less t h a n  2 - 3 % ,  t he  p r o p o r t i o n s  of  al l  t h e  g ]yeer -  
ide t y p e s  a r e  a p p r o x i m a t e l y  those  r e q u i r e d  by  chance ,  
r e g a r d l e s s  of  b io log ic  source  or  f a t t y - a c i d  c o m p o s i t i o n .  

4. I n  oils a n d  f a t s  w i t h  v e r y  s m a l l  GS~ c o n t e n t s ,  t he  p r e s e n t  
r e su l t s  s h o w  a p r o g r e s s i v e  i n c r e a s e  in  t he  GS2U c o n t e n t  
w i t h  i n c r e a s e  in  s a t u r a t e d  ac id  c o n t e n t  un t i l  t h e  l a t t e r  
r e a c h e s  a b o u t  6 6 . 6 % .  N o  such r e g u l a r  i n c r e a s e  in  GS2U 
c o n t e n t  is s h o w n  b y  t h e  r e s u l t s  d e r i v e d  f r o m  c r y s t a l l i z a -  
t i on  d a t a ,  w h i ch  f r e q u e n t l y  g i v e  w i d e l y  d i f f e r i n g  GS2U 
v a l u e s  f o r  f a t s  of  t he  s a m e  GS~ a n d  S c o n t e n t .  

5. U n t i l  t h e  u n s a t u r a t e d  a c i d  c o n t e n t  f a l l s  be low  a b o u t  45 tool 
p e r  cen t ,  t h e  GU~ v a l u e s  f o u n d  b y  t h e  p r e s e n t  p r o c e d u r e  
a g r e e  c lose ly  w i t h  c h a n c e  va lue s .  W h e r e  t h e  u n s a t u r a t e d  
a c i d  c o n t e n t  f a l l s  b e l o w  th i s  level ,  t h e  GU3 v a l u e s  t e n d  to  
be  l o w e r  t h a n  c h a n c e  v a l u e s  b y  a n  a m o u n t  d e p e n d e n t  on 
the  d i f f e r e n c e  b e t w e e n  GS~ c h a n c e  a n d  GS~ a c t u a l .  N o  
such  r e su l t s  a r e  f o u n d  in  t he  c a l c u l a t i o n s  f r o m  c r y s t a l l i z a -  
t i o n  d a t a .  T h e s e  f r e q u e n t l y  show w i d e l y  d i f f e r i n g  GU3 
c o n t e n t s  f o r  oils a n d  f a t s  w i t h  t he  s a m e  u n s a t u r a t e d  a c i d  
con t en t .  

6. A c c o r d i n g  to  t he  ru l e  of  e v e n  d i s t r i b u t i o n  t he  GSU2 c o n t e n t  
of  a f a t  c a n  be  1 0 0 % .  C r y s t a l l i z a t i o n  d a t a  h a v e  i n d i c a t e d  
v a l u e s  as  h i g h  as  8 7 %  a l t h o u g h  g e n e r a l l y  t h e y  i n d i c a t e  
v a l u e s  a b o v e  a b o u t  55 tool p e r  c e n t  f o r  f a t s  c o n t a i n i n g  
19-48 m o I  p e r  cen t  o f  s a t u r a t e d  ac ids  ( T a b l e  I I ) .  T h e  
p r e s e n t  r e su l t s ,  T a b l e  I ,  show no v a l u e s  f o r  GSU2 c o n t e n t  
h i g h e r  t h a n  4 5 - 4 7 % .  F u r t h e r ,  as  w i t h  GU~, t h e  GSU~ 
v a l u e s  a g r e e  w i t h  c h a n c e  r e q u i r e m e n t s  u n t i l  t h e  u n s a t u -  
r a t e d  a c i d  c o n t e n t  f a l l s  b e l o w  a b o u t  45 tool p e r  cent .  
B e l o w  th i s  t h e y  t e n d  to be  l o w e r  t h a n  c h a n c e  v a l u e s  b y  
a n  a m o u n t  d e p e n d e n t  on t he  d i f f e r e n c e  b e t w e e n  GS~ c h a n c e  
a n d  GS~ a c t u a l .  

7. T h e  p r e s e n t  r e su l t s  show t h a t  w h e n  GSz a c t u a l  is a b o u t  
the  s a m e  as  GSa chance ,  t h e  v a l u e s  f o r  al l  t h e  o t h e r  g lyc-  
e r i d e  t y p e s  also a g r e e  well  w i t h  those  r e q u i r e d  b y  chance .  
N o  case  has  been  f o u n d  w h e r e  GS~ a c t u a l  is h i g h e r  t h a n  
GSa chance .  W h e n  GS~ a c t u a l  is l o wer  t h a n  GSa chance ,  
t h e  v a l u e s  f o r  al l  o t h e r  t y p e s  also d i f f e r  f r o m  c h a n c e  
v a lu e s .  GS~U, GSU2, a n d  GU3 v a l u e s  a l w a y s  d i f f e r  in  t he  
s a m e  w a y  f r o m  c h a n c e  v a l u e s  w h e n  GSa a c t u a l  is less t h a n  
GS~ chance .  T h e r e  is a l w a y s  a n  i n c r e a s e  in t he  GS_~U 
c o n t e n t  to a b o v e  c h a n c e  v a l u e s  a n d  d e c r e a s e  in t h e  GSU~ 
a n d  GUn v a l u e s  to be low c h a n c e  va lues .  N o  such re la-  
t i o n s h i p s  a r e  e v i d e n t  a m o n g  t h e  r e su l t s  d e r i v e d  f r o m  
c r y s t a l l i z a t i o n  d a t a .  

The experimental results obtained by the present 
method can be predicted from the S and GS~ values 
if it is assumed that there is a limit to the amount of 
G_Sa which may be present in each species of fat and 
that when this limit is reached, any further satu- 
rated acids produced replace unsaturated acids in 
GSU2 and GUn strictly according to chance require- 
ments. The U in GS2U cannot, of course, be replaced 

�9 to produce GS~ if there is a limit to the amount of 
GS~ which can be present. 

Mathematical study of the results shown in Table 
I supports this assumption. Further  support will ap- 
pear in Par t  I I I  of this series. The relationships hold 
for vegetable, animal, bird, and marine fats, making 
it likely that they hold for all natural fats regardless 
of biologic source or fatty-acid composition. The fol- 
lowing rule of glyeeride-type distribution in natural 
fats is therefore proposed: 

T h e  g l y e e r i d e - t y p e  c o m p o s i t i o n  of  a n y  n a t u r a l  f a t  is 
t h a t  o b t a i n e d  b y  i n t e r c h a n g e  a c c o r d i n g  to cha~nce o f  one- 
t h i r d  of  t h e  s a t u r a t e d  a c i d s  r e p r e s e n t e d  b y  t h e  d i f f e r e n c e  
b e t w e e n  t h e  GS3 c o n t e n t  r e q u i r e d  b y  c h a n c e  a n d  t h a t  ac tu -  
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ally present, with the unsaturated acids in the fat, without 
allowing the formation of any further GS~. 

According to this rule, where the GSs actual is 
equal to GS~ chance, the other glyceride types will 
be in chance proportions. The variation of chance 
values with S is shown in Figure 1. GS3 has never 

~M 

W 
O 

W 
Q 

..J 

%S 
FIG. 1. The variation of glyceride-type distribution, with 

component saturated acid content, according to chance. 

been found by the present procedure in greater than 
chance proportions. 

The method of calculation follows: Let the amount, 
in units per cent, of S substituting for U in GSU,, be 
a, and that substituting for U in GUn be b. Then the 
amount of GSU2 converted to GS2U is equal to 3a. 
Similarly 3b tools of GU~ may be assumed to be con- 
verted to GSU2. The substitution of U by S in GU~ 
will give rise to a small amount of GS2U also, but this 
may be disregarded for practical purposes. The fac- 
tor (GS~ chance--GS3 actual) is entirely converted 
to GS2U by this interchange. The final composition 
of the fat will hence be as follows: 

GS2U actual ~--- GS2U chance + (GS3 chance -- 
GS3 actual) q- 3a 

GSU2 actual = GSU2 chance -- 3a q- 3b 
GU3 actual = GUn chance -- 3b 
GS3 actual has been found by experiment (8). 

The following example illustrates the application of 
the method of calculation. 

The acid components of a sample of low-melting 
vegetable f a t  containing zero tool per cent of GS~ 
have been shown to contain 50 mol per cent of satu- 
rated acids. What is the tool per cent of each of the 
four glyceride types, GS3, GS2U, GSU2, and GUn, in 
the mixture, according to the rule stated previously ? 

If  the S were distributed at random, the glycer- 
ide-type content would be 12.5% GS3, 37.5% GS2U, 
37.5% CTSU2, and 12.5% GUn. Actually no GS8 has 

been found so the difference between GS~ chance and 
GS 3 actual is 12.5%. 

According to the rule, one-third of the saturated 
acids in this quantity of GS3 will be interchanged 
according to chance with unsaturated acids in the 
fat without formation of more GS~. In other words, 
12.5/3 = 4.2 tool per cent of S from GS3 is inter- 
changed, according to chance, with an equivalent 
quantity of U present in the chance values of GSU2 
(37.5%) and GU3 (12.5%). The U in GS~U will not 
be replaced since this would result in formation of 
more GS3 which is contrary to the rule. 

Two-thirds of the component fatty acids in GSU2 
are unsaturated so the unsaturated acids represented 
by the chance value (37.5%) of GSU2 comprise (37.5) 
(2)/3 = 25% of the total fat ty acids in the sample. 
Similarly the unsaturated acids represented by the 
chance value of GU3 (12.5%) comprise 12.5% of the 
total fat ty acids in the fat. The ratio of the unsatu- 
rated fat ty acids in GSU2 chance to those in GU8 
chance is therefore 25:12.5 or 2:1, and the 4.2% of 
S will be distributed in that ratio. Therefore 2.8 of 
the 4.2% of S will replace one U in GSU~ and 1.4% 
will replace one U in GU3. These are values a and b 
in the formulae given earlier. Theoretically (1.4) 
(100)/12.5, or about 12% of the U present in GU3 
chance, is interchanged with S. Therefore (12) (12)/ 
(100) (100), or about 1.5% of the total GU3 mole- 
cules are converted to GS2U instead of to GSU2. This 
quantity represents only (1.5) (12.5)/(100) (100), 
or 0.17% of the total quantity of fat, and can be 
ignored. 

The glyceride composition is finally calculated by 
substitution in the formulae as follows: 

GS3 = zero (by analysis) 
GS2U = 37.5 -q- 12.5 q- (3) (2.8) =58.4 mol % 
GSU~ = 37.5 + (3) (2.8) + (3) (1.4) = 33.3 

tool % 
GU3 ~- 12.5 -- (3) (1.4) = 8.3 tool %i 

A comparison between the experimental  results 
found on 27 natural fats, ranging from 8-99 mot per 
cent of saturated acid content, and the corresponding 
values, calculated from the S. and GSa contents, is 
shown in Table I. The experimental results were ob- 
tained by the procedure described in Part I of this 
series (8). 

The high degree of correlation between the experi- 
mental and calculated results is self-evident and sup- 
ports the proposed rule of glyceridc-type composition. 

The last three columns of Table II  show the glyc- 
eride-type compositions, calculated in accord with the 
proposed rule, of the 46 fats, the compositions of 
which have also been calculated by the method of 
Hilditch and NIeara (9). I t  can be seen readily that 
there is poor correlation between the two sets of 
results. 

Summary 
I t  has been shown that the glyceride-type composi- 

tion of a natural fat can be calculated from the total 
mol per cent of saturated acids and the total tool per 
cent of trisaturated glycerides, in accord with a new 
rule of glyceride-type distribution, which is stated as 
follows : 

The glyeeride-type composition of any natural fa~ is 
that obtained by interchange, according to chance, of o~e- 
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third of the saturated acids represented by the difference 
between the GS~ content required by chance and that actu- 
ally present with the unsaturated acids in the fat, without 
a l l o w i n g  t h e  f o r m a t i o n  o f  a n y  f u r t h e r  GS3. 
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Sesame Oil. X. 1 The Stability of Vitamin A in Sesame Oil and in 
Margarine Stock Containing Sesame Oil 
MILDRED D. MURRAY, ROBERT T. O'CONNOR, CARLOS SUAREZ C., ~ and W. G. BICKFORD, 
Southern Regional Research Laboratory, 3 New Orleans, Louisiana 

C O N S I D E R A B L E  divergence of opinion exists 
in the l i terature  regarding  the stabil i ty of vita- 
min A in the presence of sesame oil. Conflicting 

views have been summarized by  Budowski and Mark- 
ley in an earl ier  paper  in this series (2). Correspond- 
ence received in this l abora tory  not only indicates 
tha t  confusion still exists but  expresses a need for  
its clarification. Therefore it seemed desirable to in- 
clude, in the investigations of the composition and  
propert ies  of sesame oil, a s tudy of the stabil i ty of 
v i tamin A in the presence of this oil. 

I n  m a n y  European  countries the addit ion of small 
quanti t ies of sesame oil to margar ine  is required by  
law to afford ready  identification by  means of the 
well known Villavecchia test. F o r  this reason the 
s tabi l i ty  of v i tamin  A used to fo r t i fy  margarine,  
which contains a small quant i ty  of sesame oil, is also 
of some pract ical  interest�9 The stabi l i ty  of v i tamin 
A added to margar ine  stock containing a small quan- 
t i ty  of added sesame oil has been determined and  
compared to the stabil i ty of the v i tamin  in margar ine  
stock containing no sesame oil. Results of s tabi l i ty  
studies on the sesame oil and margar ine  stock at  two 
different tempera tures  are repor ted in this paper .  

Descr ipt ion  and Preparat ion  of  Samples  

The l ip ide  sample materials  used in the investiga- 
tions were:  sesame oil, margar ine  stock, and a mix- 
ture of margar ine  stock and sesame oil. 

The sesame oil was obtained f rom Colombian-grown 

1For the preceding pape r  in this series see Analytical  Chemistry, vol. 
24, page  668, April  1952�9 

~Present  address :  Car re ra  Segundo 828, Ibague,  Colombia, South 
America. 

8One of the laboratories  of the Bureau  of Agr icu l tura l  and  Indus-  
tr ial  Chemistry. .dgricul tnral  Research Administrat ion,  U. S. Depart-  
ment  of Agricul ture .  

seed b y  solvent extraction with commercial pentane. 
Following removal  of the Solvent a t  a low tempera-  
ture, the crude oil was refined, bleached, and deodor- 
ized. The finished oil had the following characteristics : 

S p e c i f c  g r a v i t y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9 2 1 9  2 5 ~  ~ 
R e f r a c t i v e  i n d e x ,  n v  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4673  
F r e e  f a t t y  a c i d  c o n t e n t  ...................................... 0 .13 % 
U u s a p o n i f i a b l e  m a t t e r  ........................................ 2 . 6 3 %  
I o d i n e  v a l u e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 .2  
T h i o c y a n o g e n  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 .0  
H y d r o x y l  v a l u e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .7 
P e r o x i d e  v a l u e  ..................................................... 0.0 
S e s a m o l i n e  c o n t e n t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3 5 %  
S e s a m i n  c o n t e n t  .................................................. ][.06 % 
Color ,  L o v i b o n d  u n i t s  .............................. 35  y e l l o w  a n d  0 .47  red 

Fresh  margar ine  stock was obtained f rom a manu-  
fac turer  of margar ine  oils. I t  was a mixture  of 77.5% 
cottonseed oil and 22.5% soybean oil hydrogenated  to 
margar ine  consistency. 

The thi rd  sample was a mixture  of the two samples 
jus t  described in the proport ion of 5% sesame oil to 
95% margar ine  stock. 

The sesame oil was divided into two portions. One 
was used as a control and the other was fortified with 
v i tamin A concentrate3 Approx imate ly  20 grams of 
the control port ion was put  into each of 14 1-oz. wide- 
mouth bottles fitted with plastic covers. They were 
stored in the dark, seven of them at a t empera tu re  of 
32~ and the other seven at 78~176 Vi tamin A was 
added to the second port ion to give a fortified sample 
having a potency of 49.8 U. S. P. uni ts  per  gram. This 
fortified sample was divided similarly into 20-gram 
lots and stored at the same two temperatures .  

Portions of the margar ine  stock and  the mixture  
of the margar ine  stock and sesame oil were fortified 

4" l~yvapack , "  na tu r a l  ester form, 50,000 U . S . P .  uni ts  per gram.  
(See footnote 5.) 


