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Abstract 
Composition and structure of unsaturated glyc- 

erides of vegetable oils can be calculated directly 
from the fatty acid composition of the oil. Fa t ty  
acid distribution on the 2 position as normally 
determined by lipase hydrolysis is calculated 
from the composition of the whole oil by apply- 
ing the following three rules in their respective 
order : Saturated fat ty acids and those with chain 
length greater than 18 carbons are first distri- 
buted equally and randomly on the 1 and 3 
position of the glycerol moiety; oleic and lin- 
olenic acids are treated equally, or as a unit, and 
distributed equally and randomly on all three 
glyceridc positions with any excess from the 1 
and 3 position being added to the 2 position; 
and all remaining positions are filled by linoleic 
acid. Remarkably good agreement between the 
calculated and experimentally determined fat ty 
acid distributions is shown for soybean, linseed, 
safflower and many other vegetable oils whose 
compositions are reported in the literature. An 
association between oleic and linolenic acid within 
the glyceride structure of some vegetable oils is 
evident. 

Introduction 
Random distributions along with various modifica- 

tions have been proposed for the fatty acid positional 
structure of vegetable oil triglyeerides (8,10,18,22,28, 
29,33,35). Statistical random distribution based 
solely on the concentration of the fat ty  acids in tile 
whole oil was demonstrated to be in error by changes 
in physical properties of a catalytically randomized 
fat (23). A modified random distribution that re- 
stricted the saturated fat ty acids in vegetable oils to 
the primary hydroxyl positions on the glycerol moiety 
was first proposed by Richardson as cited by Mattson 
and Volpenhein (22) and by Vander Wal (33). This 
restricted randomization theory has been formalized 
as the 1,3-random-2-random theory by the work of 
Vander Wal (34,35), Coleman (4,5) and others 
(6,17,32,36). 

Proof of the 1,3-random-2-random theory is based 
on the lipase hydrolysis technique, which allows an 
accurate fat ty acid analysis to be made of those acids 
attached at the secondary hydroxyl position. This 
specific analysis allows the calculation of the total 
composition of both primary positions but does not 
distinguish between the 1 and 3 position. Lipase 
hydrolysis investigations indicate a distinct spe- 
cificity of the C16 and Cls saturated fat ty acids in 
vegetable oils for the primary positions of the glycerol 
molecule (20,26). The specificity of the saturated 
acids forces a proportionally higher concentration 
of the unsaturated acids into the 2 position. Specific 
distribution patterns with respect to all three glyc- 
eride positions for individual unsaturated fatty acids 
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in vegetable oils have not been reported, except for 
corn oil (2). 

Broekerhoff (2) reported that the distribution of 
the major fa t ty  acids in corn oil between position 1 
and 3 is almost random and that linolenic acid is 
present in all three positions. Savory and Desnuelle 
(25) proposed that two enzymes are operative in 
plants, one enzyme under specific conditions will 
esterify glycerol with oIeie, linoleic and linolenie acids 
at the 2 position, and the other is a nonspecifie enzyme 
which will indiscriminately esterify with all acids on 
the 1 and 3 positions. Gunstone (13) in his review 
attributes to tIilditch the theory that oleie and other 
unsaturated acids are preferentially esterified at the 
2 position and that the remaining acids become as- 
sociated in some manner with the I and 3 positions. 

Mattson and Volpenhein (22) suggest that oleic, 
linoleie and linolenie acids have a common pattern 
of distribution, which is random in all positions on 
the glycerol molecule that are not occupied by 
Category I Acids. Category I Acids are defined as 
those acids that preferentially occupy the 1 and 3 
position. Except for a few discrepancies which are 
marked, a deviation of about 10% from theory was 
reported for oleie and linoleie acid in the 2 position. 
Gunstone et al. (14) recently reported that in 
Jatropha oils unsaturated C18 acids occupy the 2 
position with linoleic acid taking a slight precedence 
over oleic and linolenie acid. Earlier Gunstone (13) 
had concluded that in vegetable oils the secondary 
hydroxyl is preferentially aeylated with unsaturated 
Cls acids and that the two primary hydroxyl groups 
are acylated subsequently with saturated acids and 
with unsaturated Cls acids not required at the 2 
position. In three theories on glyceride structure 
which Gunstone (13) examined, the first requirement 
was that the 2 position hydroxyls are preferentially 
acylated by unsaturated Cls acids. 

Glyceride structure calculations are complicated 
especially when restrictions are placed on specific 
acids or on glyceride positions. In vegetable oils, it 
is possible for the first time to calculate the fatty 
acid distribution directly from the fat ty  acid analysis 
of the whole oil  Calculated distributions are based 
on three simple rules and the results agree excep- 
tionally well with lipase hydrolysis data. Basic 
evidence fundamental to the reliability and validity 
of the calculations is presented and a theory of 
glyceride structure discussed. 

Experimental Procedures 
Calculations 

Soybean, linseed and safflower fat ty  acid com- 
position and the lipase hydrolysis data previously 
presented (12) were used for development of the 
method. The extensive data of Mattson and Volpen- 
hein (21,22) on vegetable oils as well as the published 
data of Coleman (4), Gunstone et al. (14), Jurriens 
et al. (16,17) and others (3,35, Evans, unpublished 
data) were used to illustrate the reliability of the 
method. All data are used as reported and not re- 
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T A B L E  I 
Calculated Glyceride S t ruc tu re  

Fat 
F a t t y  Glyceride, 
acids Total  

JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY 

TABLE III 
Composition of Soybean Hypoeotyl Oil 

Pos i t ion  F a t t y  acids, % 
Sample 

1 2 3 Pa l  a St O1 Lo L n  
(~¢[ol % )  

I 12.1 3.8 13.8 55.3 14.9 
I I  12.8 3.6 13.6 56.4 13.5 

III 11.9 3.5 12.3 55.1 17.1 

a Pal, palmi t ic ;  St, s~earie. 

Soybean 

Linseed  

16 :0  10.9 5.45 0.00 5.45 
1 8 : 0  4.1 2.05 0.00 2.05 
1 8 : 1  22.5 7.50 7.50 7.50 
18 :2  54.3 15.60 23.10 15.60 
1 8 : 3  8.2 2.73 2.73 2.73 

1 6 : 0  6.3 3.15 0.00 3.15 
1 8 : 0  3.6 1.80 O.00 5.80 
18 :1  17.9 5.97 5.97 5.97 
18 :2  16.2 3,75 8.70 3.75 
18 :3  56.0 18.67 18.67 18.67 

calculated to a mole per cent basis but  have been 
normalized to total ].00% for computer analysis. 
Calculation of g]yceride structure in vegetable oils 
embodies three rules:  (a) palmitie and stearic fa t ty  
acids and acids whose chain length is greater than 
18 carbons are exclusively assigned to the 1 and 3 
position and assumed to be randomly distr ibuted;  
(b) oleic and linolenic acids are t reated alike (or 
as a unit)  and distributed randomly and equally 
in all three positions; any excess of these acids from 
the I and 3 position are added to the 2 position; 
(e) all remaining glyceride positions are filled by 
linoleie acid. 

The reliability of the calculated glyceride struc- 
ture method depends upon the accuracy of the fa t ty  
acid composition and upon the accuracy of the lipase 
determined data with which it is compared. The 
t-test of the mean differences between calculated and 
reported values for o]eic, linoleie and linolenic acids 
was not significant, which indicated that  the two 
methods are in agreement. Excluded from the cal- 
culations were data on linoleic acid for rape seed 
and palm oils, as was the single oleie acid value for 
the cottonseed oil. The oleie acid value for the one 
sample of cottonseed oil is most likely in error, while 
the consistently large differences observed for lin- 
oleic acid in the Cruciferae and fats with high 
saturate contents is in need of fu r the r  investigation. 
Small errors either in individual f a t t y  acid analysis, 
or when the total f a t ty  acid composition does not 
add up to 100%, can result in large differences be- 
tween the calculated and determined fa t ty  acid dis- 
tr ibution values. When the percentage composition 
of any fa t ty  acid becomes relatively low ( ~ 5 % )  
the accuracy of its determination is much poorer 
and differences between the calculated and deter- 
mined structure are greatly exaggerated. Another 
source of difference is the authentici ty and reliability 
of the original oii sample. The sample must be rep- 
resentative of the whole natural  oil; compositional 
data of winterized, fractionated or selectively modi- 
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O1 -~ L n  

28.7 
27.1 
29.4 

fled oil cannot be used. Nonagreement of calculated 
structure data in some instances indicated that  the 
reported fa t ty  analyses were for a modified oil. 

An example of calculations made in this manner  
for  the fa t ty  acid distribution in soybean and linseed 
oils are shown in Table I. A comparison is given in 
Table I I  between the calculated results and those 
obtained by lipase hydrolysis techniques for soybean, 
linseed and several other vegetable oils. 

Discussion 

Background information and justification for the 
rules of calculation are based on evidence obtained 
from studies on soybean, linseed and wheat ]ipids. 
Data from the l i terature show that the calculated 
compositions are in remarkably good agreement with 
experimental results for the unsaturated fa t ty  acid 
distribution in vegetable oils. 

Rule 1 states tha t  the saturated fa t ty  acids are 
distributed exclusively on the 1 and 3 position, and 
it is widely used by most investigators in glyceride 
s tructure studies (22,26). For  the highly unsatura ted 
vegetable oils, which contain only low levels of 
saturated fa t ty  acids, the distribution of stearic acid 
can be stated as being almost exclusively in the 1 
and 3 position (21,22). Our data on soybeans, saf- 
flower and linseed oils would indicate that  at pal- 
mitate levels of 12% or less, palmitic acid can also 
be regarded as being found exclusively in the 1 and 
3 position. The data of Mattson and Volpenhein 
(21,22) indicate that  in vegetable otis with high 
palmitate levels the amounts in the 2 position are 
relatively small. Kar tha  (19) does not accept the 
specificity of pancreatic lipase for the 2 position, 
regarding the method as more qualitative than 
quantitative. However, he reports the absence of 
t r isaturated glycerides in corn and cottonseed oils, 
which would be most logically explained by the 
absence of pa]mitic and stearic acids f rom the 2 
position. 

Rule 2 distributes oleic and linolenie acid equally 
and randomly to all positions. Perception of rule 2 
developed from our compositional studies on soybean 
oils and soybean hypocotyl oils (Evans, unpublished 
data) .  Table I I I  shows that  soybean hypocotyl  oil 

T A B L E  I I  
U n s a t u r a t e d  Glyceride S t ruc tu re  of Yegetable Oils 

O1 ~- Lo to P ropor t i on  b 
O1 -~ L n  fill of Lo 

L° ' a  Ln,  2 posi- 2 posl- 
Oil % % tion, tion, Calcu- F o u n d  

% % lated 

Soybean 54.3 30.7 10.2 23.1 42.5 43.7 
Soybean 50.3 33.8 11.3 22.0 43.7 45.2 
Soybean c 51.0 33.0 11.0 22.3 43.8 45.0 
Soy hypocotyl 57.0 28.6 9.5 23.8 41.7 43.5 
Linseed  16.2 73.9 24.6 8.7 53.7 45.1 
Linseed 14.5 75.6 25.2 8.1 55.8 47.4 
Linseed  e 15.0 74.0 24.7 8.6 55.6 51.0 
Safflower 78.3 12.0 4.0 29.3 37.4 37.6 
Safflower 80.5 10.7 3.6 29.7 36.9 37.6 
Safflower c 75.0 14.0 4.7 28.6 38.2 38.0 

T A B L E  I V  
Preference of Linoleic  Acid for  the 2 Pos i t ion  in 

~'egetable Oil Tr iglycer ides  

Oil 

Linoleic  acid, % 

Total  
Total  Total  Lo u n s a t u r a t e d  

in  2 
acids posi t ion fa t ty  

acids 

Soybean 54.3 43.7 63.9 
Soybean 50.3 45.2 59.8 
Soybean a 51.0 45.0 60.7 
Soy hypocotyl 57.0 43.5 66.6 
Linseed 16.2 45,1 18.0 
Linseed 14.5 47,4 16.1 
Linseed a 15.0 51.0 16.8 
Safflower 78.3 37.6 86.7 
Safflower 80.5 37.6 88.3 
Safflower a 75.0 38.0 84.3 a 01, oleic; Lo, l inoleic;  Ln, l inolenic.  

b Propor t ion ,  per  cent of to ta l  Lo in  the 2 pos i t ion  (21) .  
c Da ta  f rom reference 22. a Da ta  from reference 22. 
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has about three times more linolenate than is present 
in soybean oil. This increase in linolenic acid was 
exactly balanced by  a reduction in oleic acid. This 
inverse relation of oleic to linolenic in soybean oil 
was shown by Scholfield and Bull  (27) and in linseed 
oil by Eckey (11) who plotted the data of Pa in ter  
(24) for 128 samples. Although the inverse relation 
between oleic and linolenic acids in soybean and 
linseed oils is not perfect  as in soybean hypocotyl  
oil, the degree of association in all three oils is suf- 
ficient to indicate a biological relationship between 
these two fa t ty  acids. 

A preference of oleic, linoleic and linolenic acid 
for the 2 position has been observed (3,13,22). How- 
ever, in most vegetable oils 40% to 50% of the 
linoleate present is in the 2 position (Table IV) .  
Linoleate preference holds whether this acid makes 
up only 20% of the unsaturated acids, as in linseed 
oil, or 80% as in safflower oil. A preference mech- 
anism for linoleie acid may exist, or the exact op- 
posite may be true, i.e., that  linoleic acid has the 
least or no preference in whatever mechanism exists 
in the synthesis and deposition of vegetable seed 
storage fats. Work  on fa t  synthesis in vivo with 
isotopic tracers indicates that  formation of the poly- 
unsaturated acids in higher plants follows the forma- 
tion of oleic acid (15,30). Pahnit ic and stearic acids 
are not precursors of the unsaturated C18 fa t ty  acids 
(15). Apparent ly  only myristic acid and saturated 
acids of shorter chain lengths can act as precursors 
of oleic acid and then only in the presence of molec- 
ular oxygen (1,15,31). Two separate pathways are 
postulated for synthesis of fa t ty  acids in plants, one 
for saturated and the other for  unsaturated acids 
(15,31). A satisfactory and acceptable theory on the 
specificity of glyeeride s tructure in plants will have 
to await a clear understanding of the modes of f a t ty  
acid biosynthesis. 

Since linoleate makes up such a large percentage 
of the fa t ty  acids in vegetable oils, calculations based 
on random distributions will most likely require 
severe restrictions in order to obtain the rather  con- 
stant 2 positional arrangement of linoleic acid. No 
logical explanation for the preference of linoleate 
for  the 2 position has been found. However, when 
linoleic acid distribution is considered last in the 
calculation of glyeeride structure, the results agree 
with the lipase hydrolysis data reported for most 
vegetable oils (Table V).  

Table V, arranged in alphabetical order, does not 
show the association sometimes desired for making 
botanical or analytical comparisons within sets of 
analyses. The excellent agreement between deter- 
mined values and calculated results for  the Jatropha 
oils (14) gives strong support  for  this unique three- 
rule method of calculating glyceride s t ructure  in 
vegetable oils directly from the fa t ty  acid analysis. 
Although all the published data by Mattson and 
Volpenhein (21,22) are not included, the agreement 
is very  good for soybean, cottonseed, corn, linseed 
and other common vegetable oils. The lipase distri- 
bution data of Jurr iens  and Knoesen (17) do not 
agree as well to calculated distributions as other 
published data, but  neither do their lipase data  agree 
well with l i terature values. Our data on linolenate 
distribution (12) within the various unsatura ted 
triglycerides of soybean and linseed oils agree, within 
experimental error, to the theoretical random dis- 
t r ibut ion of 33.3%. 

Fats  high in saturated acids, such as palm oil, or 

T A B L E  V 
Percen tage  of U n s a t u r a t e d  F a t t y  Acids in  the 

Pos i t ion  of ~egetable  Oils 

F a t t y  
0 i l  acid 

P ropor t i on  a 

Calculated Repor ted  

Acorn O1 33.3 33 
Lo 50.0 52 

Almond O1 33.3 30 
Lo 47.6 54 

Braz i l  n u t  O1 33.3 40 
Lo 58.1 50 

Cashew n u t  O1 33.3 31 
Lo 74.1 78 

Cocoa bu t t e r  Ol 86.7 81 
Lo 100.0 122 

Cocoa bu t t e r  O1 87.0 84.1 
LO 100.0 100.0 b 

Cocoa bu t t e r  Ol 85.1 84.3 
Lo  100.0 66.7 

Cocoa but te r  O1 86.5 81.5 
Lo 100.0 76.2 

Cocoa but te r  O1 82.1 77.7 
Lo 100.0 122.0 

Corn O1 33.3 30 
Lo 41.4 41 

Corn 01 33.3 34.3 
Lo 41.4 41.7 

Cottonseed O1 33.3 39 
Lo 50.3 47 

Cottonseed Ol 33.3 56.9 
Lo 53.4 42.4 

Jatropha curcas Ol 33.3 34.6 
Lo 51.4 49.5 

J. multifda O1 33.3 32.9 
Lo 51.1 48.9 

J. gossypifalia 01 33.3 35.9 
Lo 39.8 38.6 

Kokum but te r  Ol 90.1 86 
Linseed  O1 33.3 41 

Lo 55.6 51 
L n  33.3 31 

Linseed  Ol 33.3 39.7 
Lo  53.7 45.1 
L n  33.3 33.8 

Mus t a rd  O1 76.7 88 
Lo 100.0 87 
L u  76.7 74 

Pa lm  h-ui t  O] 60.7 56 
Lo 100.0 81 

Pa lm  oil O1 62.0 52.7 
( S u m a t r a )  Lo I00.0 65.0 

Pa lm  oil O1 58.0 56.6 
(Congo) Lo 100.0 66.4 

P e a n u t  OI 33.3 33 
Lo  55.6 58 
L a  33.3 0 

P e a n u t  O1 33.3 27.8 
Lo 50.3 53.0 
L n  33.3 44.4 

Rapeseed 01 50.9 56 
Lo 100.0 82 
L n  50.9 55 

l~apeseed OI 58.3 63 
Lo 100.0 80 
L n  58.3 67 

Rice b r an  O1 33.3 35 
Lo 50.0 47 
L n  33.0 33 

Safflower O1 33.3 31.7 
Lo 37.5 37.6 

Safflower O1 33.3 31 
Lo 38.2 38 

Soybean O1 33.3 29 
Lo 43.8 45 
L n  33.3 33 

Soybean O1 33.3 30.4 
Lo 46.2 45.0 
L n  33.3 30.4 

Soybean O1 33.3 37.1 
Lo  42.4 41.2 
L n  33.3 23.3 

Soybean O1 33,3 30.0 
Lo 42.5 43.7 
L n  33.3 31.7 

Soybean 
hypocotyl 01 33.3 31.6 

Lo 41.7 43.4 
L n  33.3 26.7 

S t i l l ing ia  
ta l low O1 100.0 102 

Sunf lower  01 33.3 28 
Lo 38.0 40 

Tomato seed Ol 33.3 35 
Lo 42.0 40 
L n  33.3 33 

W a l n u t  Ol 33.3 38 
Lo 39.3 39 
L n  33.3 30 

W h e a t  flour O1 33.3 27 
Lo 37.8 39 
L n  33.3 29 

Whea t  germ Ol 33.3 33 
Lo 45.4 45 
L n  33.3 29 

a Propor t ion ,  per  cent of total  Lo  in  the 2 pos i t ion  (20) .  
b Assumed Lo at  2 % .  
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those high in category I acids (22), like the Cruciferae, 
have almost all the linoleate in the 2 position. Cal- 
culated values for linoleate may  show its distr ibution 
in the 2 position up to ]00%. The difference in 
linoleate distribution between calculated and found 
is not so great  as might  be expected since the actual  
distr ibution in the Cruciferae differs markedly  f rom 
tha t  in other vegetable oils. Lipase data  show tha t  
in Cruciferae oils about 80-90% of the ]inoleate is 
in the 2 position compared to 40-50% for other 
vegetable oils. In  spite of the differences for lin- 
oleate in the 2 position, distr ibution of the other 
unsa tura ted  acids in the Cruciferae oils agrees re- 
markab ly  well with the ]ipase hydrolysis  data. This 
agreement  would indicate that  in Cruciferae either 
all the category I acids, which includes erucic acid, 
are not distr ibuted exclusively on the 1 and 3 posi- 
tion or tha t  the f a t t y  acids are distr ibuted in a 
manner  different f rom most of the other vegetable 
oils. Craig (7) has shown a linear relationship be- 
tween oleic and erucic acids in a varietal  s tudy of 
rapeseed. Downey and Craig (9) repor ted the same 
relationship in a genetic s tudy where the erueic acid 
content was at  different levels. These la t ter  authors 
observed no regular  var ia t ion for either the sa tura ted  
acids or the linolenie acid throughout  the genetic 
series. Such relationships might  indicate tha t  a dif- 
ferent  biosynthetic f a t t y  acid mechanism exists for  
the Crueiferae. 

Vegetable oils are usual ly characterized by  high 
percentages of linoleie acid. Poorer  agreement  shown 
between calculated and determined results for  the 
low level linoleic acid oils would indicate the need 
of fu r ther  investigations with considerable emphasis 
being placed on an accurate determinat ion of the 
distribution of lino]eic acid. 

P lan t  but ters  and tallows also offer special ex- 
amples where sa tura ted  acids are more than suf- 
ficient to fill the 1 and 3 position. Calculated f a t t y  

acid distributions show excellent agreement  with the 
lipase distribution data for  cocoa butter ,  kokum but ter  
and stillingia tallow. 
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