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Abstract 

Five fats containing less common fa t ty  acids, 
nutmeg but ter  (myristic),  rapeseed oil (erucic, 
eicosenoic), peanut  oil (arachidie, behenie, 
lignoeerie), tung oil (eleostearie), and coriander 
seed oil (petroselinie) were oxidized, and the 
oxidized esterified glycerides were analyzed by 
gas-liquid chromatography (GLC).  The values 
obtained are compared with those calculated from 
lipase hydrolysis data. Although there was a 
general over-all agreement between the conlposi- 
tions caleulated from lipase hydrolysis data and 
that obtained by GLC analysis of the oxidized 
glycerides, there were some discrepancies that  
exceeded the range of experimental error. 

Introduction 

I N A PREVIOUS PUBLICATION results of the analysis of 
14 animal and vegetable fats were describe~t (1). 

These fats contain the common fa t ty  acids, pahnitie, 
stearie, oleic, linoleic, and linolenic acids. For  such 
fats the elution of the oxidized, esterified glyeerides 
in the GLC unit  starts from triazelain, which has an 
effective carbon number of 36 on a silicone eolumn, 
and continues up to 54 with the elution of tristearin. 
In this paper the scope of the method has been ex- 
tended to cover fats containing sonle less conlmon 
fa t ty  acids in fair ly large amounts, such as petro- 
selinic, eieosenoic, erucic, eleostearie, nlyristic, and 
arachidie acids. The fats analyzed were nutmeg 
butter,  rapeseed, peanut, tung, and coriander seed 
oils. Pancreatic lipase hydrolysis of the oils was car- 
ried out to determine the composition of fa t ty  acids 
esterified in the 1,3 positions of the glycerol molecule. 
The glyceride compositions calculated fronl pancreatic 
lipase hydrolysis are compared with those obtained 
by GLC of oxidized glycerides. 

Exper imenta l  Section 
The fats analyzed were extracted from the seed 

except the peanut  oil and nutmeg butter,  which were 
commercial samples. About 20 mg of each fat  were 
oxidized with permanganate-periodate as previously 
described (2). The resulting azelaoglyceride mixture 
was esterified with diazomethane and analyzed by 
GLC on an F&M Model 1609 temperature-programmed 
unit  with a flame ionization detector. The colunm 
was a 4-ft X 3/16-in. stainless steel tube, packed with 
2% S.E. 30 on 60-70 mesh Anakrom A.B.S. Ten> 
perature programming was from 250-325C at 3~ 
and the helium flow rate was 100 ml/min. The 
significance of carbon numbers used to denote emer- 
gence times of the esterified azelaoglycerides has been 
discussed earlier (2). Glycerides containing erueie 
acid are converted by oxidation into those with 

1 I s sued  as N.R.C. No. 9626. 
2 Nat iona l  Research Council  of Canada Postdoctora te  Fellow, 1 9 6 2 -  

1963. P resen t  address :  Regiona l  Research Laboratory,  Hyderabad ,  
Ind ia .  

tridecanedioic acid. A carbon number of 16 was 
assigned to this acid by analogy with methyl azelate, 
which emerges with methyl laurate. Similarly oxidized 
products of eicosenoic, eleostearic, and petroselinic 
acids were assigned carbon numbers of 14, 12, and 9 
respectively. As before (2), the quantitat ive results 
were based on the molar response of the detector as 
proportional to the number of carbon atoms remain- 
ing after  as many C02 groups as possible have been 
split off. Thus tr imethyl- tr iadipin (formed from 
tripetroselinin) with 24 actual carbon atoms and six 
ester groups would have an effective carbon number 
of 18. The GLC peak areas were divided by the 
appropriate  effective carbon numbers to give mole 
percentages. 

F a t t y  acid compositions of the oils before and af ter  
pancreatic lipase hydrolysis were determined by GLC 
of their methyl esters by using an 8-ft • 3/16-in. 
copper column, packed with 15% o-phthalic ethylene 
glycol polyester on 60-60 mesh Chromosorb W. 

GLC analysis of methyl esters of coriander seed 
oil gave the proportion of pahnitic, pahnitoleic, 
stearie, oleic + petroselinie, and linoleic esters. 
Another  portion of the methyl esters was oxidized 
with permanganate-periodate to convert oleate and 
linoleate into azelaic acid and petroselinate into 
adipic acid. The oxidized material was esterified and 
analyzed by GLC to get relative molar amounts of 
azelate (from olea te+l inolea te)  and adipate (from 
petroselinate). The method used to determine the 
eleostearic acid content of Momordica charantia (3) 
was utilized to obtain the eleostearic acid content of 
tung oil. All results are reported as mole percentages. 

Results and Discussion 
F a t ty  acid analyses for the original fats and for 

the 1,3 positions are given in Table I. Glyceride com- 
positions, as calculated from the lipase hydrolysis 
data by the method of Vander  Wal (4) and Coleman 
and Ful ton  (5), are given in Tables I I  to VI along 
with the analysis as obtained by GLC of the oxidized 
esterified glycerides. 

T A B L E  I 

Patty Acid Composit ion of Fa t s  (Mole % ) a  

Nutmeg but te r  L M P O 
Or ig ina l  3.3 87.2 4.5 5.0 
1,3 posi t ions  2.3 83.5 6.6 7.6 

Rapeseed oil P S 0 L Li  E 
Or ig ina l  3.5 1.2 34.8 19.4 7.5 11.7 
1,3 posi t ions 5.2 1.8 31.4 11.6 4.5 16.5 

P e a n u t  oil P S A B L g  0 
Or ig ina l  14.0 3.5 2.0 2.0 1.0 47.8 
1,3 posi t ions 20.0 4.0 3.0 3.0 2.0 48.6 

T u n g  oil P S O L E1 
Or ig ina l  2.5 2.9 6.4 6.7 81.5 
1,3 posi t ions 3.7 4.3 7.4 3.4 81.2 

Cor iander  seed oil P Po S O Pe L 
Or ig ina l  3.4 0.6 1.2 10.0 71.8 13.0 
1,3 posi t ions 5.0 1.0 1.6 8.0 80.0 4.4 

E r  
21.9 
29.0 

L 
29.7 
19.4 

a L - - l a u r i c ,  M- -m yr i s t i c ,  P - - p a l m i t i c ,  S - - s t ea r i c ,  A - - a r a c h i d i c .  
B- -behen ic ,  Lg- - l i gnoce r i~ ,  Po---palmitoleic,  O--ole ic ,  Pe---petro- 
selinic, E--e ieosenoie ,  E r - - e r u e i c ,  L---linoleic,  EI - -e leos tear io  acid. 
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T A B L E  I I  

Glyceride Composit ion of Nutmeg Butter (Mole % )  

Carbon  Glycer ide  F r m n  lipase GLC 
No. data detn. 

38 LMO 0.32 
OMO 0 .61  
L L M  0 .10  
MLO 0 .70  

1.73 ........ 

40 L M M  3.16  
MMO 12 .61  
.~ILM 3 .60  

19 .37  12 .90  

42 L M P  0 .28  
MMM 65 .45  
P M O  1.06 
M L P  0 .60  

67 .39  78 .50  

44 M M P  11 .04  8 .60 

46 P M P  0 .47  . . . .  

N u t m e g  B u t t e r  

The glyceride composition of this fat is given in 
Table II. The principal glycerides were trimyristin 
(65 % ), oleodimyristin (12 % ), and palmitodimyristin 
(11%). Collin and Hilditch (6) found 55% of 

trimyristin in material with a saturated acid content 
of 88.2%. From pancreatic lipase data 13 glycerides 
were calculated for nutmeg butter. The GLC analysis 
showed more of the mono- and trimyristo glycerides 
and less of the dimyristo glycerides than were pre- 
dicted from the lipase data. 

Rapeseed Oil 

Oil was extracted with petroleum ether from a 
sample of commercial rapeseed. The erueie acid 
content of the sample used in this investigation was 
2 2 ~ ,  which is somewhat lower than the usual 45-50% 
reported earlier (7,8). The proportions of eieosenoie, 
linolenie, and linoleic acids were accordingly some- 
what higher than is usual for erucic-rich oils of the 
Crueiferae. The amounts of 114 glycerides were ob- 
tained from pancreatic lipase hydrolysis data (Table 
III) .  Hilditeh and Paul (7) found in rapeseed oil 
6% of mixed pahnito-oleo (or linoleo) erucins, 50% 
of di-Cls-eruein; the C18 acid was oleic, linoleie, or 
linolenic. Probably a and fl erueo-di-oleins were 
present. Hilditch, Laurent, and Meara (8) crystallized 
rapeseed oil from acetone into three fractions at 
- 2 0 C  and -30C.  The chief classes of glycerides 

T A B L E  I I I  
Glycer ide  Composi t ion of Rapeseed  Oil (Mole % )  

F r o m  From GLC 
Carbon  No. Glvcer lde  . lipase data detn.GLC Carbon  No. Glvcer ide  ~ lipase data detn. 

36 0 0 0  3 .93  42 P O E  0 .72  
OOL 3.21 S O 0  0.52 
OOLi  1 .04 SOL 0 .21  
L O L  0 .60  SOLi  0 .08  
L O L i  0 .40  E O E r  4 .25  
L i O L i  0 .06  P L E  0 .58  
OLO 3 .36  SLO 0 .44  
O L L  2 .60  S L L  0 .18  
O L L i  0 .85  S L L i  0 .08  
L L L  0 .50  E L E r  3 .50 
L L L i  0 .34  P L i E  0 .24  
L i L L i  0 .06  SLiO 0 .20  
OLiO 1.30 S L i L  0 .08  
O L i L  1 . ] 0  E L i E r  1 .40 
O L i L i  0 .34  P E O  0 .06  
L L i L  0 .20  O E E r  0 .45  
L L i L i  0 .14  L E E r  0 .14  

E E E  O.O6 
2 0 . 0 3  8 .50 O E r E  0 .74  

38 OOE 4 .50  L E r E  0 .30  
L O E  1.71 L i E r E  0 .10  

L i O E  0 .56  14 .33  18 .20  
O L E  3 .60  
L L E  1.42 44 P O P  0.11 
L i L E  0 .48  P O E r  1.22 
O L i E  1.48 SOE 0 .30  
L L i E  0 .56  E r O E r  3 .48 
L i L l E  0 .20  P L P  0.09 
O E 0  0 .27  P L E r  1 .00 
O E L  0 .18  S L E  0 .24  
L E L  0.03 E r L E r  2 .90  

P L i P  0 .04  
14 .99  12 .60  P L i E r  0 .42  

40 P O 0  1.30 S L i E  0 .10  
P O L  0 ,50  E r L i E r  1 .16  
P O L l  0,16 E E E r  0 .20  

P E r O  0.22 
O O E r  7 ,39 P E r L  0 .08  
L O E r  2 ,99  O E r E r  1 .22 
L i O E r  0 ,98  L E r E r  0 .52 
E O E  1,22 L i E r E r  0 .18  
P L O  1.08 E E r E  0 .20  
P L L  0.42 
P L L i  0 .14  " - -  
O L E r  6 .30 13 .68  13 .20  
L L E r  2 .44  46 P O S  0 .08  
L i L E r  0 .80  S O E r  0 .48  
E L E  1.02 P L S  0 .06  
P L i O  0 .44  S L E r  0 .52  
P L i L  0 .16  P L i S  0 .02 
P L i L i  0 .04  S L i E r  0 .16  
O L i E r  2 .52 P E E r  0 .06  
L L i E r  0 .98  E r E E r  0 .20 
L i L i E r  0 .32 P E r E  0 .12  
E L i E  0 .40  S E r O  0 .10  
O E E  0 .23  S E r L  0 .04  
L E E  0 .08  E E r E r  0 .70  
L i E E  0 .04  
O E r O  0 .65  2 .54  2 .80  
O E r L  0 .60  
O E r L i  0 .16  
L E r L  0.11 48 P E r P  0 .02  

P E r E r  0 .22  
33 .47  4 3 . 9 0  S E r E  0 .06  

E r E r E r  0 .58  

0 . 8 8  0 .80  

50 S E r E r  0 .08  . 
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were stated to be monosaturated-mono-C18-unsatu- 
rated-mono-C22-unsaturated (18%), mono-Cls-unsatu- 
rated-di-Cee-unsaturated (54%), and di-Cls-unsatu- 
rated-mono-C22-unsaturated (28%). 

The principal glyceride types, as determined in 
the present work, are as follows: tri-Cls-unsaturated 
(20%), monocicoseno-di-C18-unsaturated (15%), and 
monoeruco-di-C18-unsaturated (35%) glycerides. 
Glyceride composition by GLC showed a lower per- 
centage of the tri-C18-unsaturated glycerides and a 
higher percentage of monoeruco-di-C18-unsaturated 
glycerides than those calculated from pancreatic lipase 
hydrolysis data. In order to investigate thoroughly 
the glyceride structure of rapeseed oil, it would be 
preferable to use a combination of silieic acid silver 
nitrate column and GLC separations as outlined 
earlier (9). 

S U B B A R A M  A N D  Y O U N G S :  G L Y C E R I D E  S T R U C T U R E  O F  F A T S  

T A B L E  V 

Glyceride Composit ion of T u n g  Oil (Mole % )  

From GLC 
Carbon Glyceride l ipase detn. 

No. data  

36 OOEl 0.61 
LOE1 0.26 
EIOE1 3.00 
OLE1 1.82 
LLE1 0.69 
EILE1 9.00 
OEIO 0.44 
OE1L 0.43 
OE1EI 9.86 
LE1L 0.10 
LE1EI 4.52 
E1E1E1 54.08 

84.81 85.0 

4O POE1 O.27 
P L E I  0.91 
PEIO 0.44 
P E I L  0.21 
PE1E1 4.92 

6.75 l l . 0 O  

42 SOEI 0.36 
SLE1 1.08 
SEIO 0.52 
SElL  0.24 
SE1E1 5.72 

7.92 4.00 

44 PE1P 0.11 ...... 

46 PEIS  0.26 ...... 

48 SE1S 0.15 ...... 

Peanut Oil 
The sample used in the present investigation con- 

tained 2% arachidic, 2% behenic, and 1% lignoceric 
acids. Crawford and Hilditch (10) deduced the 
presence of monosaturated dioleins in ]arge amounts 
(65% of total glyeerides) with minor amounts of 
saturated oleolinoleins, oleodilinolein, and triolein. 
Vander Wal (4) analyzed a sample of peanut oil 
with a saturated acid content of 21% and found the 
glyceride structure to be (S saturated, U unsaturated) 
SSS 0.1, SSU 0.6, SUS 9.3, SUU 41.8, USU 0.7, and 
UUU 47.5. 

In the present analysis 64 glycerides were obtained 
from pancreatic lipase hydrolysis data (Table IV). 
Values determined by GLC analysis agreed well with 
calculated values. The principal glycerides were 
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triolein 11%, dioleolinolein 21%, saturated oleo 
linoleins 22%, dilinoleo-olein 12%, saturated diolein 
15%, and minor amounts of saturated dilinoleins 
(6%). 
Tung Oil 

The anomalous glyceride structure of Momordica 
charantia, which contains high amounts of eleostearic 

T A B L E  I V  

Glyceride Composit ion of P e a n u t  Oil (Mo!e % )  

From GLC 
From GLC Carbon Glvceride l ipase Carbon Glyceride l ipase detn. No. " detn. 

No. data  data  

36 O L 0  11.88 48 P L A  0.64 
OLL 10.14 SLS 0,09 
L L L  1.92 LgLO 0,98 
0 0 0  11.02 L g L L  0.38 
OOL 8.70 POA 0.56 
LOL 1.60 SOS 0,07 

L g O 0  0.88 
45.26 50.00 L~OL 0,36 

P P P  0,10 
40 P LO 10.18 OPA 0,06 

P L L  3.94 
P O 0  8.82 4,12 1.80 
P O L  3.60 
OPO 0.50 50 P L B  0,64 
O P L  0.50 SLA 0,14 
L P L  0.09 POB 0,56 

SOA 0.10 
27.63 28.20 OPB 0,04 

42 SLO 2.14 1,48 1.00 
S L L  O.8O 
SO0  1.80 52 P L L g  0,40 
SOL 0.72 ALA 0.50 

P O L g  0,36 
5.46 7.59 SOB 0,10 

AOA 0.04 
44 P L P  2.08 SLB 0.14 

ALO 1.52 
A L L  0.60 1,09 ...... 
POP 1.84 
P P O  0.40 54 S L L g  0.08 
P P L  0.20 SOLg 0.08 
AOL 0.54 A L B  0.10 
A O 0  1.36 AOB 0,08 

8.54 7.00 0.34 ...... 

46 P L S  0.84 56 A L L g  0.06 
P OS  0.72 AOLg 0.06 
BOO 1.36 BOB 0.05 
B O L  0.54 B L B  0.04 
BLO 1.54 
B L L  0.60 0.21 ...... 
SPO 0.ii 58 B L L g  0.06 

5.71 4.50 B O L g  0.06 

0.12 ..... 

60 L g L L g  0.02 
L g O L g  0.02 

0.04 ...... 
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T A B L E  VI  

Glyeeride Composit ion of Cor iander  Seed Oil (Mole 9~c) 

V O L .  44  

From From GLC 
Carbon Glvceride li~ase GLC Carbon Glyceride liDase detn. 

No. - data detn. No. data  

27 P e P e P e  35.80 41.80 38 ? ..... 1.10 

30 OPePe 8.23 39 S P e P  0.17 
P e P e L  3.86 SPeL  0.08 
PeOPe 8.95 SOPe 0.35 
P e L P e  19.22 S L P e  0.75 

40.26 42.50 1.35 0.80 

33 O P e 0  0.46 40 POO 0.12 
OPeL 0.44 P O L  0.06 
L P e L  0.12 PLO 0.27 
OOPe 2.06 P L L  0.13 
PeOL 0.96 
OLPe  4.34 0.58 ..... 
P e L L  2.10 

41 P P e P  0.14 ...... 

10.48 3.40 42 SO0  0.14 
34 P P e P e  4.44 2.10 SOL 0.02 

S L 0  0.O9 
35 ? ...... 0.30 S L L  0.04 

36 SPePe  1.42 0.19 ...... 
0 0 0  0.12 
OOL 0.11 43 P P e S  0.10 ...... 
LOL 0.03 
OLO 0.25 44 P O P  0.04 
OLL 0.24 P L P  0.07 
LLL 0.05 0,ii .... 

2.22 1.00 46 POS 0,03 
37 PPeO 0.50 P L S  0,05 

P P e L  0,24 
POPe  1 . l l  0~08 . . . .  
P L P e  2.40 

4.25 7.00 

acid, has been reported earlier (3). In marked con- 
trast, tung oil, which contained 81.5% of eteostearie 
acid, follows the glyceride pattern obtained for other 
vegetable oils (Table V). A total of 25 glyeerides 
was calculated from pancreatic lipase hydrolysis data. 
Hilditeh and Mcndelowitz ( t l )  reported the presence, 
in tung oil, of 4% of monoeleostearo-di others 
(saturated, oleate, and linoleate), 40% of dicleostearo- 
mono others, and 56% of trieleostearin. The present 
results both from pancreatic lipase data and GLC 
determination show that, in tung oil, the following 
glycerides are present: 54% of trieleostearin, 27(70 
mono-Cls-unsaturated dieleostearin, 11% of saturated 
dieleostearins, with minor amounts of eleolinoleo- 
eleostearin (4%) and saturated oleo(linoleo)eleo- 
stearins (4%). 

C o r i a n d e r  S e e d  O i l  

This oil was selected for study because of the 
presence of petroselinic acid, a C18 monoenoic acid 
with the double bond in the 6,7 position. On oxidation 
of the oil the petroselinyl groups are converted into 
adipyl groups. Christian and Hilditeh (12) found 
53% of petroselinic acid in coriander seed oil fatty 
acids besides oleie (32%), linoleic (7%), and pahnitie 
(8%) acids. The present analysis shows a higher 
proportion of petroselinic (72%) acid and a lower 
oleic acid content (10%). 

The glyeeride structure of this oil does not seem 
to have been investigated so far. Triadipin (the free 
carboxyl group of the dicarboxylie acid was esterified 
with diazomethane), for purposes of elation, has a 
carbon number of 27 and was found to the extent 
of 42% in the present glyceride analysis (Table u  
Dipetroselinomono-oleo (or linoleo) glycerides 

amounted to 43%. The rest was made up mostly by 
dipetroselino-monosaturated glyeerides. Agreement 
between the glyeeride composition, obtained by pan- 
creatic lipase data (a total of 42 glyeerides), and 
that by GLC determination was fairly good excepting 
for dioleo (or ditinoleo) monopetroselinin, where the 
calculated value was higher by 7% than that deter- 
mined by GLC whereas tripetroselinin was 6% lower 
than that determined by GLC. 

The present results show the usefulness of the GLC 
technique for determining glyceride compositions of 
various natural fats and demonstrates the applicability 
of the method to fats containing some less common 
fatty acids. Although there is a general over-all 
agreement between the compositions calculated from 
lipase hydrolysis data and that obtained by GLC 
analysis of oxidized glyeerides, there are some dis- 
crepancies that exceed the range of experimental 
error. Thus the assumption of a 1,3 random, 2 
random distribution appears to hold for a number 
of fats (1) but cannot be applied as a general rule 
to all fats. 
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