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Oils Containing 

Abstract v o  

The fa t ty  acid compositions of 7 oils containing 
different amounts of erucic acid (1.4 to 57.2%) 6o 
have been investigated. Fa t ty  acid distribution 
between the 1,3- and 2-positions of the glyceride 
molecules was estimated by the pancreatic lipase 5o 
splitting technique. On the basis of this experi- 
mental data, it is possible to speculate on the ~j 
rules governing glyceride composition in the oils " 
investigated. ~ 4o  

Introduction 
t - ~ I t E  FATTY ACID COMPOSITION'S o f  various oils c o n -  30  

.[  tainiHg erucic acid have been reported in the lit- 
erature. However, very  little information is available 
on the distribution of crucic acid in the triglycerides 2o 
of these oils. In  this paper, the results of an inves- o-~ 
tigation of seven seed oils containing 1.4 to 57.2% 
erucic acid are reported, to 

o 
Experimental 

The following seed oils were investigated: Crambe 
c~byssinica, Sinapis alba, Brassica napus, Lunaria an- 
nun, Eruca sativa, Brassica juncea, and Camelina 
sativa. All seeds except Brassica napus and Camelina 
sativa (of Polish origin) were from the experimental 
cultivations of the Northern Regional Research Lab- 
oratory, Peoria, Ill. All oils were extracted with cold 
ethyl ether using the procedure of Grynberg et al. 
(1). 

Pancreatic lipase hydrolysis of each oil was carried 
out by the method of Szezepafiska (2) using "S teap-  
s i n "  (Difeo Laboratories, Detroit, Mich.). The proper  

1 Presented at the AOCS Meeting in Houston, April 1965. 
2 Part ol the T. P. Hilditch Symposium on Analysis of Natural Fat 

Triglycerides (JAOCS, September through December, 1965), 
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I I  GLYCERIDES CONTAINING THREE MOLECULES 
OF ERUCIC ACID 

O GLYCERIDES CONTAINING THREE MOLECULES 
OF SOME OTHER ACID 

RANDOM DISTRIBUTION PATTERN 
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M O L E  ~  O F  F A T T Y  A C I D  

Fro. 1. D i s t r i bu t i on  p a t t e r n  for  monoacid  g lycer ides  in  oils 
con ta in ing  erucic acid. 
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�9 GLYCERIDES CONTAINING TWO MOLECULES OF ERUCIC ACID 

O GLYCERIDES CONTAINING TWO MOLECULES OF SOME OTHER ACID 

RANDOM DISTRIBUTION PATTERN 
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M O L E  ~ OF F A T T Y  A C I D  

FIe .  2. D i s t r i bu t i on  p a t t e r n  for  d iac id  g lycer ides  in oils 
con ta in ing  erucic acid. 

time of lipolysis was determined for  each oil. Fol- 
lowing lipolysis, the lipid material  was extracted 
with ethyl ether and fraetionated by silicic acid chro- 
matography according to the method of Kaufmann  
and Wessels (3).  The fa t ty  acid composition of the 
2-monoglyeeride fract ion was determined by gas-liquid 
chromatography (GLC).  The fa t ty  acids in the mono- 
glyeerides were esterified using direct methanolysis 
according to the method described in IUPAC (4) as 
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The Structure of Triglycerides in Selected 
Erucic Acid 
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M O L E  ~  O F  F A T T Y  A C I D  

Fie .  3. D i s t r i bu t i on  p a t t e r n  fo r  t r i a c i d  g lycer ides  in  oils 
con ta in ing  erucic acid. 
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T A B L E  I 

F a t t y  Acid Composi t ion of Oils and  2-Monoglycer ide  F r a c t i o n s  

Oil  

Crambe Sinapis  Brass ica  Y~unaria Eruca  Brass ica  Camelina 
abyssinica alba napus  a n n u a  sativa ~uncett sat iva 

A a B A B A B A B A B A B A B 

F a t t y  acid  s 
C:~:o 0.6 
o~o:o '/:5 0.5 3:6 6:6 
C16:: 0 .4  0 .4  0 .4  0 .3 
Ct6:~ 0 .4  0.2 0.3 
C 1 6 : 8  011 . . . . . . . .  T r a c e  
C1711  , . . . . . . .  

C . . . .  16.9  44 :7  21.9  3'7:8 
Cls :'2 8.6 2 7 . 6  10.2  29 .9  
C1313 6.4 21.1  7.6 21 .9  
C2o:o 0.5 0.9 
c .... 3.2 i:3 8.5 ~15 
Ceo:e 0.2 .... 0 .4  T r a c e  
C.z~ :o 2 .0  0.7 0.2 
C22:: 57.2  3,3 43 .3  4.9 
C2~:~ 0.8 .... 0.2 
Ce~:o .... T r a c e  1:0 
Cz~:~ i . 4  .... 1.8 O.7 
C 2 ~ : 2  . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  1.0 

. . . . . . . . . . . .  0 . 5  

. . . . . . . . . . . .  0 .8  

1210 2212 32.9  6218 
15.9 41 .6  9.4 14.5  
12.3 22.0 1.5 4.1 

9 : i  3:3 T r a c e  1.3 
. . . . . . . . . . . .  0 .7  

46 :4  7:7 40.3  7.7 

: : : :  :::: 13.6 21o 
. . . . . . . .  4 .9  

0.5 0.3 0.3 0.2 .... 0.3 
0.4 .... o.1 . . . . . . . .  
0.8 .... o.1 . . . . . . . .  6:3 

0:6 .... i:o .... i:~ 6:~ 
~9.0 35.i 23.3 17:~ 15.8 15.0 
10.9  26 .2  21 .7  43 .8  19.8  27 .5  
12.6  33 .7  14.7  35 .8  38.1  46 .7  

0.8 0.8 1.8 
8.4 0.8 10 .0  1.3 13.3 3:8 
0.5 .... 1.0 0 .3  1.5 0.8 
0.6 0.2 0.8 2.2 

35.7  i17 22 .7  0.3 1.4 .... 
0.2 . . . . . . . . . . . .  

. . . .  i . 9  . . . . . . . .  
1.5 .... 015 0 :4  . . . . . . . .  

a A, to ta l  f a t ty  a c i d ;  B,  2-monoglycer ide .  
b Mean  mole %.  

T A B L E  I I  

D i s t r i b u t i o n  of P r i n c i p a l  F a t t y  Acids  in  the  2 -Pos i t ion  ( m e a n  % ) a  

Cramba Sina~ Bras- Lu-  Eruca  Bras-  Came- 
Oil abys- pis sica naria  sativa slca lina 

siniea, alba napus  ann~a  juncea  sativa 

F a t t y  acid  
C1~:o 8 7 25 12 1 2 16 
C18:1 88 58 61 63 62 24  31 
C:s:2 100  98 87 51 80 67 47 
C:s:a 1O0 96 60 91 89 81 41 
(~zo :: 13 10 12 100  3 4 10 
Ceu :1 2 4 5 6 2 0 0 
Ced:: 0 13 .... 5 0 26  .... 

a The  p e r c e n t a g e  in  the 1 ,3-posi t ions  i s : 1 0 0 -  ( a m t  in the 2 -pos i t ion) .  

modified by Grynberg  (5). GLC conditions were:  
instrument,  Pye  equipped with a fi-ionization detector ; 
column, 0.4 em by 1.2 meters packed with 80/10'0 
mesh Celite coated with 10% P E G A ;  carr ier  g~% 
60-100 ml /min  argon ; column temperature ,  180-190C. 
The f a t t y  acid compositions of the original oils were 
determined in the same manner.  

T A B L E  I I I  

Glycer ide  Composi t ion 

F a t t y  acid  Monoacid-  Diac id -  T r i a e i d -  
No. Oil  Symbol % g lycer ides  g lycer ides  g lycer ides  

1 2 3 4 5 6 7 

1 Crambe 
abyssinica Cz2:1 57 .2  2.3 69.2  29 .0  

C:s:x 16.9  .... 2.7 46 .7  
Cls:~ 8.6 . . . . . . . .  28 .3  
ClS:a 6 .4  . . . . . . . .  21 .5  

C~ : :  43.3  1.9 40 .8  45 .2  
C2o:: 8.5 1.8 21 .0  
Cls:: 21 .9  017 9.5 42 .5  
Cls:~ 10.2  .... 0.1 30 .6  
C:s:s 7.6 .... 0.1 20 .9  

Cu211 46 .4  3.3 43 .4  42 .5  
C2o:1 9.1 0.1 2.1 23 .1  
C:su 12.0  0.1 3.1 29 .5  
C18:~ 15.9  2.5 4 6 . 4  
Cls:a 12.3  012 3.1 29 .9  

G~i:l 13 .6  0.1 3.1 30 .4  
C~:1 40 .3  2.5 33.9  50.1  
C~s:: 32.9  2.1 20 .5  55 .8  
C~s:2 9 .4  0.1 2.1 2 5 . 0  

C22:: 35.7  0.5 27.9  44 .8  
C2o:: 8.4 1.5 20 .0  
Cls::  19.0  0 :4  7.3 36 .6  
Cls:e 10 .9  .... 1.5 24 .5  
Cls:a 12 .6  .... 1.2 34 .0  

C22:1 22 .7  .... 11 .2  4 3 . 6  
C~0:: 10 .0  0.1 2.3 2 4 . 4  
ChS:: 23 .8  1.3 12.7  41 .0  
Chs:2 21 .7  0.5 10.3  44 .8  
Cxs:a 14.7  0.1 2.7 36.9  

C~:1 1.4 3.3 
C2o:: 13.3  0:1 410 29 .5  
C:s::  15.8  0 .4  6.4 32 .3  
Cxs:2 19 .8  0.7 12.0  32 .5  
Cls:a 38 .1  5.3 26 .7  46 .2  

2 Sinapis  
alba 

3 Brass iva  
napus  

4 L u n a r i a  
annua  

5 Eruca  
sativa 

6 Brass iea  
] ~ n c e a  

7 Camelina 
sativa 

R e s u l t s  a n d  D i s c u s s i o n  

The f a t t y  acid compositions of the oils investigated 
and the 2-monoglyeerides f rom lipolysis are given in 
Table I. The percentage distribution of individual 
f a t ty  acids on the 1,3- and 2-positions of glycerides 
was calculated f rom the data in Table I and is r e -  
ported in Table I I .  Glyeeride composition was eal- 
eulated according to the method of Coleman (6), 
based on the assumption tha t  the 1,3- and 2-positions 
are occupied by f a t t y  acids in a random manner.  

The tr iglyceride distr ibution of the oils with re- 
spect to erucie and C18 unsa tura ted  acids is presented 
in Table I I I .  (Only those tr iglyeerides present  in 
amounts greater  than 0.05% were considered.) 

The percentages of mono-, di-, and tr iaeid glycerides 
were plot ted vs. the content of individual  f a t ty  acids. 
(See Fig. 1-3.) F igure  1 shows that  tr ierucin content 
is much lower than  the values predicted by random 
distribution. The content of other monoaeid-glyeerides 
is in aeeordanee with the random distr ibution theory. 
The content of the diaeid-glyeerides (Fig.  2) without 
erueie acid is near  to the values calculated for ran- 
dora distribution. On other hand dieruco-glyeerides 
are present  in greater  than  random amounts. For  
the triacid-glyeerides, the highest deviation f rom the 
random distr ibution curve is observed. 

The following conelusions were drawn from the 
experimental  results:  (A) The oils invest igated do 
not conform to the even distr ibution theory. (B) 
A great  number  of glycerides in the oils investigated 
are present  in the amounts  predicted by the random 
distr ibution theory. There is some limitation on the 
format ion of trieruein, however, s imilar  to the lim- 
itations for  t r i sa tura ted  glycerides in K a r t h a ' s  re- 
strieted random distribution theory (7). (C) Certain 
tr iglyeeride s t ructures  were preferent ia l ly  formed. 
The erueie acid appears  almost completely in the 
outer positions, and unsa tura ted  C18 acids appear  
mainly  in the inner positions of the glyeerides. 
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