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soya (62), and stillingia (90) have the values indi- 
cated in parentheses. I t  must be appreciated that  the 
major  polyethenoid glycerides are not the same in all 
these oils. In linseed oil most glyceridcs contain two 
or more linolenic groups, in dog rose and candlenut 
oil most contain at least one linolenic and one linoleic 
group, in soyabean oil most contain at least two lino- 
leie groups, and in stillingia most contain at least two 
linolcnic groups or at least one linolenic group and 
one ClO dienoic acid group. 

The major glycerides of linseed oil contain 5-9 
double bonds (85%) as do those of stillingia oil 
(88%),  whilst those of rose oil have 5-8 double bonds 
(84%),  those of eandlenut have 4-8 double bonds 
(88%),  and those of soyabean oil 3-6 double bonds 
(s3%). 
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Glyceride Studies. Part IV. The Component 
Ten Seed Oils Containing Linoleic Acid 

Glycerides of 

F. D. G U N S T O N E  and M. ILYAS QURESHI,  St. Salvator's College, The University, St. Andrews, Fife. U .K .  

Abstract 

The component glycerides of ten seed oils (saf- 
flower, tobacco, sunflower, Argemone mexicana, 
maize, cotton, groundnut,  Macadamia ternifolia, 
Gmelina asiatica, and Madhuca latifolia) have 
been estimated by chromatographic procedures. 
The results agree with those obtained by lipol- 
ysis or calculated directly f rom the compo- 
nent  acids on the basis of the theory of posi- 
tional distribution. 

In t roduct ion  

O LEIC AND LINOLEIC are the only unsaturated acids 
present in many seed oils, including some that  are 

available in large quantities, but  information about 
their component glyeerides, apar t  from a few recent 
analyses, is based largely on the low temperature  
crystallisation procedure now considered to be inade- 
quate for  the more unsaturated seed oils. We have 
examined ten  Seed oils by lipolysis and by chromato- 
graphic separation on silica impregnated with silver 

I t  is convenient to divide these oils into four nitrate. 
groups : 

(i) Oils with a very high proport ion of linoleic 
acid ( >  70%) :safflower and tobacco. 

(ii) 0ils with a high proport ion of linoleie acid 
(50-60%) : sunflower, Argemone mexicana, 
maize, and cottonseed. 

(iii) Oils with a high proportion of oleic acid 
( >  50%) : groundnut  and Macadamia terni- 
folia. 

(iv) Oils with a high content of " s a t u r a t e d "  acids 
( > 30%) : Madhuca latifolia (Mowrah but- 
ter)  and Gmelina asiatica. 

Some of the oils fall  into more than one category but  
we have chosen to include them in the group given 
above rather  than in another. 

Procedure 

Seeds or extracted oils were obtained from J. Bibby 
and Sons (maize, cottonseed, and g roundnu t ) ;  f rom 
the Tropical Products  Inst i tute (safflower (var. 
U.S.A./P2)  f rom Kenya, sunflower from Nigeria (var. 
Jup i te r )  and from Bulgaria, Argemone mexicana 
f rom Jamaica, Macadamia ternifolia from Tanganyika,  
Madhuca latifolia f rom Bombay, and Gmelina asiatica 
from Singapore) ; f rom Younghusband, Stephens, and 
Co. Ltd. ( tobacco);  and from Dr. C. Y. Hopkins 
(M. ternifolia). 

Crushed seeds were thoroughly extracted with boil- 
ing pe t ro l  ether (bp 40-60C). The extracted oil was 
neutralised by percolation in chloroform solution 
through a ~ column of alumina and the triglycerides 
were subsequently eluted from a column of silica 
(Whatman chromedia, SG31) with benzene; more 
polar solvents subsequently removed diglycerides and 
monoglyccrides (1).  

Lipolyses were carried out as described in our 
earlier papers (2,3). The two sunflower oils were 
examined by low-temperature erystallisation from 
acetone and methanolic silver ni t rate  followed by 
chromatography on columns of silica-silver ni t ra te  
(2). The remaining oils were examined by our thin- 
layer procedure (3,4), developing the plate (20 × 20 
cm) with benzene containing 10% of ether. We find 
the latter procedure to be quicker and more satisfac- 
tory. The results are summarised in Tables I and 
I I I  to V. 



,()(~2 J O U R N A L  O F  T H E  A M E R I C A N  

T A B L E  i 

C o m p o n e n t  E s t e r s  ( %  m o l )  o f  t b e  W h o l e  OiI ,  t h e  2 kVIonog lyce r ide s ,  
a n d  t h e  S u m  of  t h e  S e p a r a t e d  F r a c t i o n s  

1 4 : 0  1 6 : 0  1 8 : 0  1 6 : 1  1 8 : 1  1 8 : 2  1 8 : 3  a 

S a f f l o w e r  ( e x t r a c t  3 0 % ,  t r i g l y c e r i d e s  9 1 % ,  i o d i n e  v a l u e  1 4 1 )  
T r i g l y c e r i d e  .... 6 . 6  3 . 4  0 . 6  1 2 . 2  7 7 . 0  0 .2  
P l a t e  ( 9  f r a c t i o n s )  .... 7 .0  2 . 8  0 . 9  1 3 . 0  7 6 . 0  0 .3  
2 - 3 / [ o n o g l y e e r i d e  .... 1 .0  0 . 1  0 . 1  1 2 . 5  8 6 . 3  .... 

T o b a c c o  ( s u p p l i e d  a s  c r u d e  oi l ,  t r i g l y c e r i d e s  8 9 % ,  i o d i n e  v a l u e  1 3 8 )  
T r i g l y c e r i d e  9 . 8  3 . 8  1 .0  1 3 . 5  7 0 . 6  1 .3  
P l a t e  ( 9  f n s . )  0 : l  1 1 . 2  4 . 6  0 . 6  1 4 . 1  6 8 . 5  0 . 9  
2 - M o n o g l y e e r i d e  .... 0 . 9  0 . 3  0 . 2  1 5 . 8  8 2 . 2  0 . 6  

S u n f l o w e r  ( N i g e r i a n ,  e x t r a c t  B 2 % ,  t r i g l y c e r i d e s  9 9 % ,  i o d i n e  v a l u e  1 2 5 )  
T r i g l y c e r i d e  0 .2  7 .1  2 . 8  0 . 4  3 0 . 0  5 9 . 5  .... 
C o l u m n s  ( 1 3  f n s . )  .... 8 . 0  3 .5  0 . 5  3 2 . 7  5 5 . 3  .... 
2 - M o n o g l y c e r i d e  . . . . . . . .  1 .1  0 . 3  2 5 . 0  7 3 . 6  .... 

S u n f l o w e r  ( B u l g a r i a n ,  e x t r a c t  3 1 % ,  t r i g l y c e r i d e s  9 9 % ,  i o d i n e  v a l u e  1 2 9 )  
T r i g l y c e r i d e  .... 7 .0  4 . 4  0 . 3  2 6 . 0  6 2 . 3  .... 
2 - M o n o g l y c e r i d e  .... 1 .1  0 .3  .... 2 3 . 9  7 4 . 7  .... 

S u n f l o w e r  ( N i g e r i a n ,  e x t r a c t  33  % ,  t r i g l y c e r i d e s  9 9  % ,  i o d i n e  v a l u e  1 1 2 )  
T r i g l y c e r i d e  0 .2  5 .1  1 .8  0 .5  5 0 . 3  4 2 . 1  .... 
C o l u m n s  ( 1 2  f n s . )  .... 5 . 4  2 . 4  0 . 4  5 2 . 5  3 9 . 3  .... 
2 - M o n o g l y c e r i d e  .... 1 . 0  0 . 2  .... 4 9 . 9  4 8 . 9  .... 

A. Mex icana  ( e x t r a c t  3 9 % ,  t r i g l y c e r i d e s  8 7 % ,  i o d i n e  v a l u e  1 1 7 )  
T r i g l y e e r i d e  .... 1 2 . 3  4 .2  0 .3  2 8 . 1  5 5 . 1  .... 
P l a t e  ( 9  f n s . )  .... 1 2 . 7  4 . 6  1 .2  2 7 . 6  5 3 . 9  .... 
2 - M o n o g l y c e r i d e  . . . . . . . .  2 . 2  0 . 5  3 5 . 0  6 2 . 3  .... 

M a i z e  ( s u p p l i e d  a s  c r u d e  oil ,  t r i g l y c e r i d e s  9 3 % ,  i o d i n e  v a l u e  1 2 0 )  
T r i g l y c e r i d e  .... 1 2 . 6  1 .8  0 . 8  3 0 . 0  5 4 . 3  0 .5  
P l a t e  ( 9  f n s . )  .... 1 4 . 3  2 . 7  1 .1  2 9 . 0  5 1 . 9  1 .0  
2 - M o n o g l y c e r i d e  . . . . . . . .  2 . 4  0 . 3  2 9 . 1  6 8 . 2  .... 

C o t t o n  ( e x t r a c t  2 0 % ,  t r i g l y c e r i d e s  8 6 % ,  i o d i n e  v a l u e  9 7 )  
T r i g l y c e r i d e  1 .1  2 7 . 3  3.1. 1 . 4  1 6 . 7  5 0 . 4  .... 
P l a t e  ( 9  f n s . )  1 . 5  2 7 . 4  2 .9  1 .9  1 7 . 0  4 9 . 3  .... 
P l a t e  ( 9  f n s . )  1 . 7  2 6 . 6  4 . 5  2 . 7  1 6 . 7  4 7 . 8  .... 
2 - M o n o g l y c e r i d e  0 .3  3 . 6  0 .3  0 . 7  2 4 . 5  7 0 . 6  .... 

G r o u n d n u t  ( e x t r a c t  5 0 % ,  t r i g b ' c e r i d e s  9 1 % ,  i o d i n e  v a l u e  8 0 )  
T r i g l y c e r i d e  b .... 9 . 8  3 . 7  0 . 4  6 0 . 9  1 8 . 1  .... 
P l a t e  ( 9  f n s . )  b .... 1 0 . 5  3 .8  0 . 6  5 9 . 9  1 8 . 5  ... 
2 - l ~ [ o n o g l y c e r i d e  . . _  1 . 8  0 . 2  0 . 4  6 6 . 6  3 1 . 0  .... 

M. ternifol ia ( e x t r a c t  7 4 % ,  t r i g l y c e r i d e s  9 4 % ,  i o d i n e  v a l u e  7 5 )  
T r i g l y e e r i d c  e 0 . 7  9 . 3  3 .7  2 7 . 2  5 1 . 9  2 . 8  .... 
P l a t e  ( 7  f n s . )  b 0 . 7  10 ,O 3 .2  2 8 . 3  5 0 . 8  3 .3  .... 
2 - M o n o g l y c e r i d e  __.  0 . 9  .... 2 3 . 8  7 1 . 0  4 . 3  .... 

M. terni fol ia  ( e x t r a c t  6 8 % .  t r i g l y c e r i d e s  9 3 % ,  i o d i n e  value 6 9 )  
T r i g t y e e r i d e  d 0 . 5  1 0 . 1  6 .2  1 8 . 3  5 5 . 4  3 . 4  .... 
2 - 2 ¢ I o n o g l y c e r i d e  . . . . . . .  0 . 8  1 5 . 5  7 7 . 6  6 .1  .... 

(I. a,~-iatlca ( e x t r a c t  6 0 % ,  t r i g l y e e r i d e s  9 6 % ,  i o d i n e  v a l u e  9 6 )  
T r i g l y c e r i d e  e .... 1 0 . 1  8.1 0 .3  2 8 . 8  3 7 . 6  .... 
P l a t e  ( 1 2  f n s . )  e .... 1 0 . 0  7 .5  0 .5  2 9 . 4  3 9 . 7  
2 - ) / [ o n o g l y c e r i d e  .... 1 . 6  0 . 9  3 7 . 3  6 0 . 2  .... 

i .  latifolia ( e x t r a c t  4 6 % ,  t r i g l y c e r i d e s  ' 9 4 % ,  i o d i n e  v a l u e  5 8 )  
T r i g l y c e r i d e  .... 2 3 . 7  2 4 . 1  0 . 2  3 7 . 6  1 4 , 4  .... 
P l a t e  ( 9  f n s . )  .... 2 2 . 9  2 5 . 8  0 , 7  3 7 . 3  1 3 . 3  .... 
2 - M o n o g l y c e r i d e  .... 3 .1  4 . 5  6 0 . 4  3 2 . 0  

'~ T h e s e  f i g u r e s  r e f e r  to  t h e  n u m b e r  of  c a r b o n  a t o m s  a n d  d o u b l e  b o n d s  
p e r  m o l e c u l e ;  t h u s  1 8 : 2  r e p r e s e n t s  o e t a d e c a d i e n o i c  a c i d .  

2 0 : 0  2 2 : 0  2 4 : 0 2 0 : 1 2 2 : 1  

1 4 2 . 7  1 . 4  1 .3  0 .3  
b a l so  1 : 5  2 . 8  1 . 4  0 . 8  0 .2  

2 . 4  . . . . . . . .  2 . 0  .... 
" a l so  2 . 8  0 .9  .... 

d a l so  3 . 7  . . . . . . . .  2 . 4  .... 

e a l so  ~ 2 . 6  2 . 4  .... 9 . 9  0 . 2  
( 2 . 6  1 . 5  .... 8 .3  0 . 5  

D i s c u s s i o n  

Eff i c i ency  o f  T h i n - L a y e r  S e p a r a t i o n  

By the thin-layer procedure we usually separate 
linoleic-eontaining oils into nine fractions in which 
individual glyeerides, or groups of closely related 
glyeerides, are separately concentrated. The effective- 
ness of this separation is apparent  in Table I I  which 
shows the concentration of each glyeeride or group 
of glycerides in the fraction in which it predominates. 
}Iost of these values exceed 80%, many exceed 90%, 
and lower values generally relate to minor glycerides 

T A B L E  I I  

C ' o n c e n t r a t i o n  ( %  m o t )  o f  G l y c e r i d e s  i n  I n d i v i d u a l  F r a c t i o n s  

2 2 2  2 2 1  2 2 0  2 1 1  2 1 0  1 1 1  2 0 0  1 1 0  1 0 0  a 

S a f f l o w e r  9 4  93  9 0  72  83  55  8 7  78  61  
T o b a c c o  • 80  85  93  79  76  6 7  67  3 8  .... 
A.  mex ieana  9 2  9 3  9 2  8 4  80  8 8  71  88  6 5  
M a i z e  6 8  82  83  9 2  92  6 6  8 1  4 1  39  
C o t t o n  7 4  65  92  5 7  9 5  .... 8 7  6 5  89  
C o t t o n  73  69  9 0  93  8 6  4 5  81  
G r o u n d n u t  .... 59  69  9 5  80  8 6  .... 92  79  
M. terniJolia .... 6 1  4 8  89  78  5 0  
G asiatica 82  9]i 8 8  9 8  9 4  78  9 5  82  
M. latiJolia . 5 0  7 5  4 0  . 5 2  9 4  

a T h e s e  f i g u r e s  i n d i c a t e  t h e  n u m b e r  of  d o u b l e  b o n d s  i n  the three a c y l  
c h a i n s .  E a c h  g l y c e r i d e  c a t e g o r y  i n c l u d e s  a l l  p o s i t i o n a l  isomers. 

O I L  C H E N [ I S T S '  S O C I E T Y  V O L .  4 2  

(5% or below) which could only give high concentra- 
tions in smaller fractions than we choose to collect. 
We believe that  if necessary these values could be in- 
creased and that  chromatography on thin layers of 
silica containing silver ni t rate  provides an excellent 
method for the isolation and purification of glycerides. 

in  the separation of Gmelina asiatica glycerides, 
which contains about 10% of eicosenoic acid, there is 
evidence of subfraetionation of monoethenoid Cla and 
020 glycerides which was sufficient to distinguish 
between these two. This was less apparent  in the 
monoethenoid C10 and C18 glyeerides of Macadamia 
ternifolia. 

The values quoted in TaMe I show that  there is a 
reasonable agreement between the sum of the fractions 
recovered from the plate (or column) and the oil 
applied, though there is a tendency for the recovery 
of linoleic acid to be slightly low. The loss is smaller 
in the plate method than in the crystallisation-column 
method. We believe this loss arises mainly from the 
difficulty of completely extract ing the more unsatu- 
rated glyeerides from the silica-silver ni t rate  mixture. 

Safflower and Tobacco 

Results for these two oils, both of which contain 
over 70% of linoleic acid, are given in Table I I I  along 
with results previously reported for oils of similar 
fa t ty  acid composition. The high content of linoleic 
acid is reflected in the large proportion of glycerides 
containing three linoleie groups (47% and 33%) or 
two linoleic groups (37% and 43%).  The values 
obtained by thin-layer chromatography agree with 
those calculated from lipolysis data or directly from 
the component acids according to a theory of positional 
distribution proposed by one of us (8). Our results 
are similar to those of Scholfield and Dut ton (6) in 
their eountercurrent  distribution study of safflower 
oil; they do not show good agreement, part icularly 
in respect of individual glyeerides, with earlier results 
obtained by low temperature  crystallisation (5,7). 
This is not surprising as this method is now reeog- 
nised as unsuitable for oils containing appreciable 
quantities of more than one unsaturated acid. 

Sunflower, Argemone mexicana, Maize, and Cotton 

Our results for these oils are quoted, along' with 
previous results where relevant, in Table III .  We 
had three samples of sunflower seed oil, two of which 
possessed a similar f a t ty  acid composition (Table I) ; 
all three samples were examined by lipolysis but only 
two by the longer erystal l isat ion--chromatography 
procedure. Though only two of the three samples 
actually belong to this high linoleic group it is con- 
venient to consider all three together. 

Studies on sunflower glycerides, apar t  from the 
present work and that  of Kaufmann  (26), are con- 
fined to low temperature crystallisation studies and 
again there is poor agreement between the old and 
new results. The limitations of the early work have 
already been mentioned and our results show that  
a greater variety of glycerides is present in sunflower 
seed oil than was reeognised before; thus three to five 
glyceride groups were differentiated by crystallisation, 
but  eight by chromatography. 

Our results for maize oil, though different from 
those obtained by low temperature  crystallisation, re- 
semble the incomplete analysis by countercurrent  dis- 
tr ibution (11) and results obtained by two different 
oxidation procedures (12,13). The component glyc- 
erides of Argemone mexicana have not been reported 
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T A B L E  I I I  

C o m p o n e n t  A c i d s  a n d  G l y c e r i d e s  ( ~  m o l )  of  S e e d  Oi l s  C o n t a i n i n g  L i n o i e i c  A c i d  

9(;3 

R e f e r e n c e  

Saf f lower  T o b a c c o  S u n f l o w e r  

( 5 )  ( 6 )  A:' B C e ( 7 )  A a B C c ( 5 )  B a C e A a B C e ( 2 6 )  ( 5 )  ( 5 )  A a B C e ( 9 )  

A .  m e x ~ i c a n a  

A • B C e , 

C o m p o n e n t  a c i d s  

1 6 : 0 @ 1 8 : 0 ¢  
1 6 : 1 q -  1 8 : 1  
1 8 : 2  q- 1 8 : 3  

C o m p o n e n t  g l y c e r i d e s  
SoU d 
SU'~ 
Ua 

3 2 2  r 
2 2 2  
2 2 1  
2 2 0  
2 1 1  
2 1 0  
1 1 1  
2 0 0  
1 1 0  
1 0 0  
0 0 0  

11  11  1 0  11 1 4  
13  13  13 1 7  1 4  
7 6  76  77  72  72  

. . . . . . . .  2 2 2 3 7 5 4 
32  .... 2 6  2 6  2 6  2 7  33  32  3 3  
6 8  .... 72  72 72  70  62  C3 63  

2 2 2 

3 7  2 6  19 23  23  51  17  2 2  2 2  
30  8 18  19 1 9  2 3  2 4  2 2  2 3  
. . . . . . .  5 4 4 5 4 5 
2 .... 7 6 6 ' 4  8 9 9 
. . . . . . . .  1 . . . . . . . .  3 . . . . . . . .  
. . . . . . .  2 2 2 "'3 7 4 3 

1 . . . . . . . .  1 1 1 .... ~ 1 ~ 1  
) ( 1  1 

1 3  1 2  1 0  1 4  1 1  1 2  7 1 0  
2 4  2 6  30  2 8  3 3  4 4  5 1  4 9  
63  6 2  6 0  5 8  5 6  4 4  4 2  4 1  

2 3 3 2 3 3 . . . . . . . .  1 1 2 1 .... 
3 5  2 8  2 8  2 6  2 5  2 5  .... 3 2  3 4  2 2  18  19  3 1  
63  79  79  72  72  72  .... 6 8  6 5  7 7  8 0  80  69  

3 1  2 7  2 7  
2 0  . 14.,1111  7 , , .... 

13  . 1 0  . 3 3  3 3  
i 5  12  11 11112 2 7  11  

2 2 3 3 ~  6 f . . . . . . . .  13  1 3  13  .... 
'2 ~ 2 ' i  2 o j  / . . . . . . . . . . . .  • 1 .... 
. . . .  2 2 1 3 3 5 . . . .  7 4 5 5 . . . .  
. . . .  1 1 1 1 1 2 . . . .  1 1 1 1 . . . .  

1 7  
2 8  
5 5  

7 6 6 
3 8  3 7  3 7  
55  5 7  5 7  

1 8  2 5  2 5  
1 7  1 6  1 6  
1 2  1 3  1 3  
1 6  1 7  1 7  

5 2 2 
5 4 4 
5 4 4 
2 2 2 

M a i z e  C o t t o n s e e d  M .  l a t i f  olie~ 

A a B C e ( 1 0 ) ( 1 1 )  ( 1 2 )  ( 1 3 )  A~ a A2 a B C e ( 1 3 )  ( 1 4 )  ( 1 5 )  ( 1 6 )  ( 1 7 )  ( 1 8 )  
~ - - ~  ~ A B e 

A a B C ~ ( 1 7 )  ( 2 0 )  

C o m p o n e n t  a c i d s  
1 6 : 0 @  1 8 : 0  e 
1 6 : 1 q -  I 8 : 1  
1 8 : 2  q- 1 8 : 3  

C o m p o n e n t  g l y c e r i d e s  

S2U a 
S U e  
U a  

3 2 2  r 
2 2 2  
2 2 1  
22O 
2 1 3  
2 1 0  
3 1 1  
20O 
1310 
1 0 0  
0 0 0  

1 4  1 5  13  13  1 6  
31  2 4  2 7  2 7  ? 
5 5  61  6 0  60  ? 

6 5 5 2 .... 4 5 
3 8  33  3 4  4 1  .... 3 4  3 4  
5 6  62  61  5 7  .... 62  61  

2 1 1 . . . . . . . . . . . . . . . .  
1 4  15  15  1 22  2 0  .... 
2 0  2 7  2 7  4 9  2 4  2 6  .... 
17  1 4  1 4  3 4  1 3  16  .... 
1 4  1 6  1 5  7 .... 1 4  .... 
17  15  1 6  6 .... 15  .... 

6 3 3 . . . . . . . .  2 .... 
5 3 3 2 .... 3 .... 
4 4 4 1 .... 3 .... 
1 2 2 . . . . . . . .  1 .... 

3 2  3 3  2 9  2 7  2 7  2 3  . . . . . . . .  
1 8  1 7  2 2  1 6  ? .q . . . . . . . .  
5 0  5 0  4 7  5 7  .~ .~ . . . . . . . .  

A _ _  

2 3  2 3  2 2  2 2  1 3  1 7  1 3  1 3  . . . . . . . .  
5 0  5 2  4 8  5 0  5 1  5 9  4 8  4 8  4 4  . . . . . . . .  
2 7  2 5  2 9  2 8  2 7  2 8  3 5  39  4 3  . . . . . . . .  

9 10 12 le .... 2s(18) b 14 ........ 13 13 
.... 1 8 ( 3 1 )  2 9  2 7  2 7  2 6  2 1  . . . . . . . .  3 0  2 6  5 3 . . . . . . .  ( 9 )  o 

20 20 .... i!{! 
2 2 . . . . . . .  ( 1 )  

17 i s  16  16 .... 7 ( 1 0 )  1~ . . . . . . . .  } 2 3  21 
3 5 3 4 . . . . . .  ( 2 )  . . . . . . . .  
6 5 6 6 .... 6 ( 3 )  5 . . . . . . . .  5 7 

. . . . . . .  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 8  4 3  4 4  
3 8  ? 4 3  
1 4  .~ 1 3  

5 2  4 6  5 1  4 7  2 8  
3 9  4 1  4 1  3 6  71  

8 9 8 1 7  .... 

Z: ' i  i Z Zi 

f 3 2 3 . . . . . . . .  3 4 4 . . . . . . . .  
1 5  1 7  1 6  . . . . . . . .  

5 4 3 . . . . . . . .  
1 7  1 5  1 4  . . . . . . . .  
21  2 2  2 2  . . . . . . . .  
3 5  3 1  3 7  . . . . . . . .  

1 4 . . . . . . . . . . . .  

a P r e s e n t  w o r k .  
b R e s u l t  r e c a l c u l a t e d  b $  G u n s t o n e  ( r e f .  8 ) .  
e See  f o o t n o t e ,  T a b l e  I .  
d U a n d  S r e f e r  to  s a t u r a t e d  a n d  u n s a t u r a t e d  aey l  cha ins .  
e R e s u l t s  o b t a i n e d  b y  c h r o m a t o g r a p h y  ( A ) ,  b y  l i p o l y s i s  ( B ) ,  a n d  b y  d i r e c t  c a l c u l a t i o n  f r o m  the  c o m p o n e n t  ac ids  (re f .  8 , C ) .  

S e e  foo tno te ,  T a b l e  I I .  

previously. They are very similar to those of maize 
oil, thus emphasising the previously accepted view 
that the glyeeride composition of a seed oil depends 
on its component acids and not on its biological origin. 

The component glycerides of cottonseed oil were 
first examined by Hilditeh and Maddison (14) and 
their results have been reinterpreted and recalculated 
by Gunstone (8). More recently, Russian investigators 
(15) examined this oil by adsorption chromatography 
on alumina, by reverse phase chromatography, and 
by gas-liquid chromatography (GLC). The oil has 
also been examined by oxidation methods (13,16,17) 
and by lipolysis and thin-layer chromatography 
(TLC) (18). Bearing in mind slight differences in 
the composition of the oils examined, our results are 
similar to the more recent studies (only the Russian 
results are equally detailed) but differ from the earlier 
results, even after recalculation. Cottonseed oil was 
one of the first oils we examined by TLC and there- 
fore we did the experiment twice. Both sets of results 
are given in Table II  (A1 and A2) ; they show good 
agreement. 

G r o u n d n u t  a n d  l Y l a c a d a m i a  t e r n i f o l i a  

These two oils are both rich in oleic acid but other- 
wise they have little resemblance. In groundnut oil 
(Table IV) four glycerides [211 (see footnote a, Table 
I I ) ,  210, 111, and 110] make up almost 80% of the 
total but six minor glycerides are also present. The 

analysis by crystallisation picked out three major 
glycerides (211, 210, and 110; almost 80%) and three 
minor components also. Our results are similar to, but 
more detailed than, those of Barret t  et al. (18), ob- 
tained by TLC and by lipo]ysis. 

M. ternifol ia seed oil is of interest in that it contains 
C16 and Cls monoethenoid acids in appreciable pro- 
portions but its component glycerides have not pre- 
viously been reported. Our chromatographic study 
did not distinguish between glycerides in which these 
two acids were interchanged but the total amount in 
each group of similar glyeerides agrees so well with 
those obtained by lipolysis that the figures for in- 
dividual glycerides can be taken from the lipolysis 
results (column B, Table V). Our results show that 
five major glyeerides (111, 11H, 1HH, 110 and H10) 
comprise over 80% of the oil and are accompanied 
by ten minor components. 

l Y l a d h u c a  l a t i f o l i a  a n t i  G m e l i n a  a s i a t i c a  

Our sample of G. asiatica (Table IV) contained 
23% of saturated acids along with 10% of eicosenoie 
acid which, like the saturated acids, is largely ex- 
cluded from the 2-position. This content of "satu- 
ra ted"  acids (33%) is interesting, for it is at this 
value that the difference between widest distribution 
(requiring 100% of S2U) and positional distribution 
(requiring 50% of SoU) is greatest (8). Our value 
of 48% is therefore highly significant. The subfrae- 
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TABLE I V  

C o m p o n e n t  A c i d s  a n d  G l y c e r i d e s  ( %  r e e l )  o f  G r o u n d n u t  O i l  
a n d  of  G. asiatica S e e d  Oi l  

Groundnut G. asiatica 

R e f .  A a B 0 e ( 1 8 )  ( 1 9 )  ( 1 7 )  A a B C e 
~ A B ~ ' y 

2 3  
2 9  
1 0  
3 8  

2 1  2 4  2 5  
4 8  5 1  5 0  
31  2 5  2 5  

6 4 5 
10  i0 1 0  

6 5 5 
12  ii II 
11  9 8 

6 8 7 
1 1 

7 6 6 
4 2 2 
3 3 3 

1 1 
"'~ 7 7 

7 7 7 
3 4 5 
4 5 5 

C o m p o n e n t  a c i d s  
S a t .  19  .... 2 0  2 0  
1 6 : 1  -~- 1 8 : 1  c 61  .... 59  ? 
2 0 : I ~ 2 2 : 1  2 .... 2 1  '.~ 
1 8 : 2  1 8  . . . . . . . .  ? 

C o m p o n e n t  g l y c e r i d e s  
SPU 'l 1 1  1 0  9 .... 7 9 
SUP 4 0  4 2  4 7  .... 4 7  4 2  
U s  4 9  4 8  4 4  .... 4 6  4 9  
2 2 2  f . . . . . . . .  1 . . . . . . . . . . . .  
2 2 1  5 5 6 
~ E ~  .~ .2 . .2t 8 ~ ~ ~ 
2 1 1  .... 
2 1 E  1 8  2 0  1 9  I ] 
2 E E  1 1 1 ]  2 4  2 2  } 3 4  
2 2 0  . . . . . . . . . . . .  J ! 
2 1 0  1 4  1 5  1 4  I 1 6  

2 E 0  . . . . . . . . . . . .  2 ]  l 1 1 1  2 6  2 8  2 2  ~ 3 9  4 7  
l l E  .... 2 6 
l E E  . . . . . . . . . . . .  J 
200 4 a 2 l } .... 
1 1 0  2 1  2 2  2 2 6  2 4  
E l 0  2 1 1 J  3 1  
l e o  5 6 6 3 4 7 

a P r e s e n t  w o r k .  
e - f  S a m e  as  f o o t n o t e s  to  T a b l e  III. 
g E  s t a n d s  f o r  e i c o s e n o i c  a c i d  a n d  i n c l u d e s  2 0 : 1  a n d  2 2 : 1 .  I n  cal -  

c u l a t i n g  t h e  p r o p o r t i o n s  of  SzU,  e tc . ,  E is  r e c k o n e d  a s  a s a t u r a t e d  a c y l  
g r o u p  ( see  t e x t ) .  

t ionation of oleic and eieosenoic glycerides a l ready 
refer red  to allowed us to distinguish between their  
glycerides with the results shown in Table IV. The 
greater  number  of acids in this oil means more glye- 
eride categories. Four teen  are distinguished with four  
(221, 220, 211, and 210) exceeding 10% and a fu r the r  
six each present  to the extent of 6 to 7%. 

Mowrah but ter  (M. latifolia) with almost 50% of 
sa turated acy] groups is the most sa tura ted  fa t  we 
examined (Table I I I ) .  I t  contains eight categories of 
glyeerides with four  of them (210, 200, 110, and 110) 
comprising near ly  90% of the whole fat. The s tudy 
of this niore sa tura ted  mater ia l  highlights one of the 
limitations of our chromatographic  procedure in that  
it does not distinguish between the various sa turated 
glycerides. H a l f  of mowrah but ter  is 100 or 200 glyc- 
erides but  within each group we cannot distinguish 
between the dipalmito-, the palmitostearo and the 

T A B L E  V 

C o m p o n e n t  A c i d s  a n d  G lyce r id . e s  ( %  n m l )  of  M. terni fol ia  S e e d  Oi l  

A* B C e 
v~ z 

6 
3 7  
5 7  

'21 
5 2~  5 

3 8 

1 

5 3  l 52  

3 3  1 8 4  

C o m p o n e n t  a c i d s  
S a t .  16  
1 6 : 1  e 2 7  
1 8 : 1  ~- 2 0 : 1  5 4  
1 8 : 2  3 

C o m p o n e n t  g l y e e r i d e s  r 
SeU e 5 6 
SUP 4 0  3 6  
Ua  5 5  5 8  

2 2 0  ~ 1 

2 1 ~ I  h 4 2 
2 t i l l  1 
2 1 0  4 2 
2 t I 0  1 
1 1 1  1 5  
1 1 H  5 1  2 4  
I H H  1 2  
H K I K  2 
2 0 0  .... 
11o ~/5 
l i f O  35  1 5  
H I ~ 0  3 
1 0 0  4 
I~00  5 2 

a S a m e  as  f o o t n o t e  to  T a b l , ,  I l I .  
e-~ S a m e  as  f o o t n o t e s  to  T a b l e  I I 1 .  
h t t  s t a n d s  f o r  h e x a d e c e n o i c  a c i d .  

Ref. 

T A B L , E  V I  

O b s e r v e d  a n d  C a l c u l a t e d  a P r o p o r t i o n s  ( %  m o I )  
SeU,  SU~ a n d  U s  G l y c e r i d e s  

" S a t . "  O b s e r v e d  
a c i d s  b 

( %  m o t )  SPU S U e  

V O L .  4 2  

o f  

3 W i l d  r o s e  5 1 1 5  
* S u n f l o w e r  7 1 2 2  
3 L i n s e e d  9 1 2 9  
3 C a n d l e n u t  1 0  2 2 8  
* S u n f l o w e r  1 0  2 2 6  
* S a f f l o w e r  1 0  2 2 6  

12  O l i v e  12  5 33  
12  C 'orn  13  4 34: 

* T o b a c c o  1 4  7 33  
2 o r. go~sypi]olia 1 4  3 3 5  

2 3  P o p p y  1 4  0 32  
* 3£a ize  1 4  6 3 8  

1 6  0 l i v e  1 5  6 35  
* M.  ternifol ia 1 6  5 4 0  
3 S o y a  1 6  6 38  

1 6  S o y a  1 7  6 3 8  
* A.  mex icana  1 7  7 38  
2 J .  eurcas  2 0  1 0  4 7  
* G r o u n d n u t  2 1  11  4 0  
2 J .  mul t i f ida 2 6  15  51  

1 5  C o t t o n s e e d  2 7  1 7  4 8  
* C o t t o n s e e d  3 2  2 3  5 0  

1 6  C o t t o n s e e d  3 3  2 1  4 9  
* G. asiatica 3 3  2 1  4 8  

2 4  E r y t h r i n a  indica 3 4  2 7  4 8  
1 8  S h e a  4 5  5 2  ? 

* M.  latifolia 4 8  52  39  
1 8  h I a l a y a n  p a l m  5 1  4 7  ? 
1 2  C o c o a  b u t t e r  5 7  81  1 7  
1 6  C o c o a  b u t t e r  6 2  81 17  
2 5  C o c o a  b u t t e r  63  9 4  6 
18  C o c o a  b u t t e r  6 3  80  ? 

C a l c u l a t e d  

Us  S~U SUP U s  

8 4  1 13  86  
7 7  1 19  80  
70  2 2 3  75 
7 0  2 2 6  72 
72  2 2 6  72 
72  2 2 6  72 
62  3 30  6 7  
62  4 31  65  
62  4 3 4  62  
62  4 3 4  62  
6 8  4 3 4  62  
5 6  4 3 4  62  
59  5 35  60 
5 5  6 3 6  5 8  
5 6  6 3 6  5 8  
5 6  7 37  56  
55  7 37  5 6  
4 3  9 42  49  
4 9  10  4 3  4 7  
3 4  15  4 8  37  
3 5  1 6  4 9  B5 
2 7  2 3  50 2 7  
2 9  2 5  5 0  2 5  
31  2 5  50  2 5  
2 5  2 6  50  2 4  

? 4 6  43  11  
8 5 2  4 0  8 
? 59  35  6 

73  2 5  2 
" 2  86  1 4  .... 

89  ] 1  .... 
'?-  89  ~1 

a C a l c u l a t e d  a c c o r d i n g  to G u n s t o n e  ( 8 ) .  
b 2 0 : 1  a n d  2 2 : 1  a c i d s  i n c l u d e d  w i t h  s a t u r a t e d  ac i d s .  
* P r e s e n t  w o r k .  

disearo-monounsaturated g]ycerides. In  this respect 
we consider our procedure to be complementary to 
that  of Youngs et al. (13,16) which distinguishes 
between saturated but  not between unsatura ted  aeyl 
groups. 

C h r o m a t o g r a p h y ,  L i p o l y s i s  a n d  C a l c u l a t i o n  o f  C o m p o n e n t  
G l y c e r i d e s  f r o m  C o m p o n e n t  A c i d s  

Results obtained in these three ways have been 
quoted in this paper  and in two of our earlier papers 
(2,3). The agreement between values calculated f rom 
lipolysis data  (eohinn  B)  and those derived directly 
f rom component acids (column C) is to be expected 
and is not great ly  significant since both are based on 
the same assumption tha t  aey] groups present  in the 
2-position are associated statistically with those pres- 
ent in the 1- and 3-positions. They differ in that  the 
lipolysis results allow for  minor deviations from the 
mathemat ica l ly  l imiting situation on which the theory 
is based (8). 

The agreement  between results obtained by our 
chroniatographie procedures and those obtained by 
the other two methods is, on the other hand, much 
more meaningful  for it provides suppor t  for the as- 
sumption adopted in handl ing lipolysis data  and for 
the essential correctness of the postulates in the theory 

T A B L E  -VI I  

P r o p o r t i o n s  ( %  m o I )  of  P o l y e t h e n o i d  G l y c e r i d e s  

C o m p o n e n t  
a c i d s  (% m o l )  C o m p o n e n t  g l y c e r i d e s  

P e  X P e a  P e e X  PeX~ Xa a 

S a f f l o w e r  77  2 3  4 7  3 7  1 4  2 
T o b a c c o  72  2 8  35  4 1  2 0  4 
J .  gossypi f  olia 69 31 33 48 16 3 
S u n f l o w e r  6 0  4 0  1 4  53  31 2 
A.  mex ieana  5 5  4 5  2 0  35  33  ] 2 
M a i z e  5 5  4 5  16 3 7  3 5  ] 1 
C o t t o n s e e d  5 0  5 0  1I. 3 6  4 2  11 
r .  mutti f ida 4 9  51  9 3 8  43  10  
S u n f l o w e r  4 2  5 8  4 3 8  40  18  
G. asiatica 3 8  6 2  6 2 8  4 5  21  
J.  curcas 3 7  6 3  3 2 7  4 6  2 4  
G r o u n d n u t  1 8  8 2  .... 9 37  5 4  
M. latifolia 1 4  8 6  .... 3 35  62  
M. ternifol ia 3 9 7  .... 1 8 91  

a P e  a n d  X r e f e r  to p o l y e t h e n o i d  a n d  o t h e r  ( m o n o e t h e n o i d  a n d  s a t u -  
r a t e d )  acy I  c h a i n s .  
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N m n b e r  of double bonds 
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ulifera, and the linoleic-rieh sunflower seed oil, each 
with more than 60% of ]inoleic acid, contain 67-84% 
of glycerides having two or three ]inoleic chains and 
are the only oils listed here which are likely to show 

a 2 1 o drying properties. 
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Safflower 10 47 19 23 8 
Tobacco 14 35 17 29 11 
J.  gos~yp~folia 14 33 22 32 9 
Sunf lower  10 14 39 33 11 
Maize  14 16 20 31 23 
A.  mex ieana  17 20 18 29 21 
Sunf lower  7 4 31 36 24 
J.  mult i f ida 26 10 15 32 24 
J.  curcas 20 3 16 26 32 
Cottonseed 32 11 9 32 22 
G. asiatica 33 6 16 29 28 
G r o u n d n u t  21 .... 5 23 40 
M. ternifolia 16 . . . . . . . .  5 55 
M. latifolia 48 . . . . . . . .  6 20 

a See footnote,  Tab le  V I .  

of positional distribution. When first elaborated this 
theory was tested against results then available which 
were taken from Hildi tch 's  monograph (21). Whilst 
agreement in the proportion of Us, USf, and Ss glyc- 
erides was fair, agreement for UfS glycerides was less 
satisfactory and this has been adversely commented 
upon (22). In  Table VI we compare results for these 
categories of glycerides calculated on the basis of our 
theory of positional distribution with recent results 
obtained by ourselves or by others. These show a much 
better  agreement than the earlier results. I t  should 
be noted that  these comments apply  only to vegetable 
fats. 

Polyethenoid Glycerides 
In  Tables VI I  and V I I I  results obtained from our 

linoleic-containing oils are classified according to the 
number of polyethenoid acid groups present in the 
glyeeride and the number of double bonds present in 
the glyeerides. The safflower, tobacco, Jatropha gland- 

Glyceride Studies. V. The Distribution of Unsaturated 
Acyl Groups m Vegetable Triglycerides 
F. D. GUNSTONE, R. ]. HAMILTON, F. B. PADLEY and M. ILYAS QURESHI, St. Salvator's College, 
The University of St. Andrews, Fife, U.K. 

Abstract 
The distribution of oleic, linoleie, linolenie, 

petroselinic,, hexadec-9 and 11-enoic, sterculie, 
four conjugated octadeeatrienoic acids, isolino- 
lenic, and octadeea-6,9,12,15-tetraenoic acid in 
vegetable triglycerides has been studied by hy- 
drolysis with pancreatic lipase. The results, dis- 
cussed in terms of a selectivity factor, indicate 
that  these unsatura ted acids do not compete 
equally for the secondary hydroxyl  group. 

Introduction 

p ANCREATIC LIPASE i s  known to remove acyl groups 
attached to the two pr imary  glycerol hydroxyls 

in preference to those attached to the secondary hy- 
droxyl group and lipo]ysis of vegetable fats by several 
investigators (1-6) has shown that  in most cases 95- 
100% of the fa t ty  acids in the 2-position are unsatu- 
ra ted Cls acids (oleie, linoleic, and linolenie) even 
when the total content of these acids is as low as 37 or 
38% (see reference 7 for a summary of results).  This 

important  result  has emphasised the non-random char- 
acter of aeyl group distribution in vegetable glycerides 
and has led to the wide acceptance of the theory of 
positional distribution (7-9) in place of the earlier 
ideas of random and widest distribution, neither of 
which is entirely acceptable. Gunstone (7) and Matt- 
son and Volpenhein (5) have suggested that  the acids 
found in natural  triglycerides fall into two groups: 
those which are preferent ial ly  esterified at the 1- and 
3- positions (designated " s a t u r a t e d "  by Gunstone and 
Category I acids by Mattson and Volpenhein) and 
those which are preferent ial ly esterified at the 2-posi- 
tion ( " u n s a t u r a t e d "  or Category I I  acids). FIattson 
and Volpenhein (4) had earlier shown that  though 
oleic, linoleic, and linolenic acids belong to Category 
II,  the C2o and C22 monoethenoid acids, which charae- 
terise the Crueiferae, belong to Category I, behaving 
like palmitic and stearic acids. F rom an examination 
of the distribution of the three unsatura ted C18 acids 
these same authors (5) conclude that  there is a slight 
tendency for there to be more linoleie and less oleie in 
the 2-position than would be expected from their pro- 


