
218 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 '  S O C I E T Y  VOL. 41 

.J 
0 9.0 

I.i. 
O 8.0 

z 7.0 
0 
o_ 

6.0 
fig 
t~ 
a.. 5.0 

J 
4.0 

', 8.0 
0 

oO 2 . 0  

Z 

0 LO 
a. I 

I 

I ~ , I L I i I 

I0 20 30 40 50 

This brief  analysis indicates the importance of 
developing auxil iary sources of high protein concen- 
trates so that  oil and meal supplies can be kept in 
reasonable balance. I t  appears uneconomic to process 
seeds with a lower oil content than soybeans; hence 
the answer lies in production of a high protein ma- 
terial that can be used direct ly in feed formulation. 
Present  trends in feeding practice indicate that  an oil 
content of 7-10% in the ration would be an advantage. 
This suggests that  our oil bearing crops might well 
be adapted to produce high yielding low oil content 
varieties to supply this market. Such a development 
would be a constructive step in the solution of a prob- 
lem that  is rapidly becoming critical in the oil seeds 
industry. 
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O I L  C O N T E N T  OF OIL  SEED, % 

Fro.  4. R a t i o  of  p o u n d s  o f  m e a l  pe r  lb o f  oil a t  d i f f e r e n t  
levels  o f  oil c o n t e n t  in  the  seed  c rushed .  

displaced then the loss in meal supply amounts to 
2.5 lb per lb oil or a total of 30 million lb meal. 

Even under  present pricing conditions it is evident 
that for  soybeans the meal has become the most valua- 
ble product, with the oil the by-product.  As higher oil 
percentages in crops are obtained, and as demand for 
meal increases faster than for oil, the situation will 
become increasingly critical. 
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Determination of the Glyceride Structure of Fats: 
Liquid Chromatography of Oxidized Glycerides 1 

Gas 
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Abstract 
A method has been developed for the deter- 

mination of glyeeride composition of natural  
fats, which involves oxidation of the fat  by per- 
manganate-periodate, esterifieation of the oxidized 
glycerides, and subsequent GLC using a flame 
ionization detector. Quantitative analyses, re- 
quiring about 4 hr and 20 mg of sample, are 
reported. The method gives the distribution of 
individual saturated acids within the glyeerides. 
Glyeeride composition of four vegetable oils has 
been determined, using the above procedure. 

Introduction 

T HE QUANTITATIVE analysis of glyeerides in a fa t  
has ahvays posed a difficult problem because of 

the similarity in physical properties between adjacent 
glyeerides in a series. Several niethods have been 
described for the determination of glyeeride composi- 
tion. In  some methods fraetionation of glycerides is 
carried out directly on the fat  (3,24,25,27-29) and 
in others af ter  oxidation of unsaturated fa t ty  acid 
components (5,13,32). The observation (15,26) that  
pancreatic lipase cleaved the 1,3 positions in a glyeer- 
ide leaving the fa t ty  acid in the 2 position intact, 
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gave another method (30) of getting information 
about glyeeride structure. Recently (22,23) a micro- 
method involving ozonization of double bonds, fol- 
lowed by catalytic reduction of ozonides, has been 
described. The ozonides, as well as the aldehyde cores 
obtained by the reduction of ozonides, are then sepa- 
rated and quanti tat ively estimated by TLC. 

A successful application of GLC for the separa- 
tion of glyeerides was reported by F ry e r  et al. (4) 
who obtained f ingerprint  ehromatograms of various 
natural  fats. Peliek et al. (20), using a temperature  
of 290-300C, recovered simple triglyeerides within 
40 rain after  injection. Huebner  (11) achieved good 
separations of triglycerides f rom triaeetin to tri- 
stearin, using tenIp f rom 110-370C. Kuksis and Mc- 
Carthy (14) separated tr iglyeeride mixtures accord- 
ing to their carbon number by GLC, with SE30 as 
liquid phase, using a flame ionization detector system 
and with temp from 200-320C. This method was 
later (16) applied to the determination of the tri- 
g]yceride composition of molecular distillates of 
but ter  oil. 

The above methods of glyeeride analysis by GLC 
do not distinguish unsaturated glyeerides f rom the 
saturated ones having the same carbon number. This 
could, however, be achieved by oxidizing the mixture 
which converts the unsaturated glyeerides into conl- 
pounds with smaller carbon numbers, GLC of which 
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would then give the amounts of unsatura ted glycer- 
ides. Using the above concept, the glyceride composi- 
tion of four  vegetable otis, cocoa butter,  cottonseed, 
olive, and soybean oils has been determined. Results 
have been compared with those obtained by other 
methods, and also with an earlier method proposed by 
one of the authors (32). 

Experimental 
Materials. Samples of synthetic triglycerides were 

obtained from Canada Packers, Toronto, and purified 
by silieie acid chromatography (10). About 0.1 g 
of the material was pu t  on a 6 • 35 cm column of 
Mallinekrodt Silieie Acid (100 mesh). The triglyc- 
eride fract ion was eluted with 5% diethyl ether in 
Skellysolve F, (a hydrocarbon fract ion with bp range 
of 35-58C). TLC was used to check the seperations 
(1). Triazelain was prepared by oxidizing triolein 
with permanganate-periodate (31) and purified on 
a silieie acid column. Twenty g silicie acid was 
slurried onto a column with 20% ether in benzene. 
The material obtained by the oxidation of 125 mg 
triolein was put  on the column and eluted with 20% 
ether in benzene. Triazelain appeared between 35-50 
ml eluate. Fract ions eluted between 3 8 4 7  ml were 
pooled and the pur i ty  of the triazelain was checked 
by TLC which gave a single spot for triazelain. 

Cocoa butter,  cottonseed, olive, and soybean oils 
were commercial samples, and had iodine values of 
39,108,83 and 130, respectively. 

Methods 

Oxidation. The method of oxidation was essentially 
as given by yon Rudloff (31). In  a typical  oxidation, 
20 mg triolein, dissolved in 5 ml te r t ia ry  butanol, 
was added to a mixture of 5 ml oxidant solution, 4 ml 
distilled water, 1 ml of a solution containing 8 mg 
potassium carbonate and 10 ml te r t ia ry  butanol. The 
reaction mixture was st irred 21/2 hr at 65C, cooled 
in tap water, and e thylene  gas was bubbled in until  
the pink color disappeared. The te r t ia ry  butanol was 
then removed under  reduced pressure (water pump) 
on a water bath at 70-80C in a ro tary  evaporator. 
HC1 (2-3 drops) was added to m~ke the contents 
acidic, and af ter  saturat ing the aqueous solution with 
sodium chloride, the oxidized glycerides were ex- 
tracted with three 25-ml portions of chloroform. The 
chloroform layer was separated and solvent was re- 
moved in a current  of air. Diazomethane solution 
was added to the residue to esterify the free carboxyl 
groups. The oxidized and methylated esters were 
taken up in a small volume of chloroform and ehro- 
matographed on the GLC unit. The proportion of 
reagents used for the oxidation was adjusted accord- 
ing to the fa t ty  acid composition. Linoleic and lino- 
lenic acids require three and five times, respectively, 
as much as that  required for oleic acid (31). 

GLC Analysis. GLC was carried out on a F&M 
model 500 programmed temp gas chromatographic 
unit  with flame ionization attachment. Analyses with 
several supports and stat ionary phases were at tempted 
under  a var ie ty  of conditions. The system described 
here gave the best separations. A 4 - f t - ~ s  in. diam 
spiral stainless steel column was packed ~dth Ana- 
krome ABS (an acid washed, base washed and sili- 
cone treated flux calcined diatomaceous earth) 60-70 
mesh, coated with 2% SE30 (silicone rubber gum). 
Temp at the injection port  and detector block were re- 
spectively 385 and 355C. Flow rates for air, helium, 
and hydrogen were 400, 100, and 30 ml/min, respee- 

tively. The oxidized, esterified glycerides from 20 nag fat  
were made up to 0.2 ml with chloroform and a sample 
of 1-3 ul was injected. Attenuation was kept at 800. The 
column was programmed 260-325C at 3~ af ter  
which it was run  isothermally till all the glyeerides 
were eluted. Peak areas were measured by drawing 
tangents to the curves and using the height of the 
triangle times the width of the base. All compositions 
were converted to mole percentages. 

Analysis of oils by the method of Youngs (32). 
This method has been described earlier (32), the 
only alteration being in the methanolysis of oxidized 
fat, to prevent  small losses of dimethyl azelate dur- 
ing the removal of solvent af ter  esterification. The 
oxidized fat  (20 rag) was taken up in 2 ml methanol 
containing 3% anhydrous hydrogen chloride by 
weight. Esterification was carried out in a sealed 
tube, by heating the contents for ~ hr in a boiling 
water bath. The tube was cooled, and a sample was 
injected directly onto the GLC unit. In this case 
a 6-ft, l~-in, diam stainless steel column, packed 
with Chromosorb W (40-60 mesh) coated with 16% 
by weight of QF 1 (commercial fluorinated silicone) 
was used. Temp was commenced at 150C and a pro- 
gramming rate of 5.6~ was used. 

Results and Discussion 
Figure  1 shows the separation of esters of oxidized 

synthetic glycerides, triazelain (A3), pahnitodiaze- 
lain (PAf) ,  dipalmitoazelain (PEA), distearoazelain 
(SfA),  t r ipalmitin (P3), stearodipalmitin (PfS) ,  di- 
stearopahnitin (PSf) ,  and tr istearin ($3), which were 
obtained by oxidizing a mixture  of triolein, palmito- 
d i o l e i n ,  dipalmitoolein, distearoolein, tr ipahnitin,  
stearodipahuitin, distearopalmitin, and tristearin. The 
identi ty of the peaks was determined by comparison 
with individually oxidized glyeerides. SfA and P~ 
were found to emerge at the same time. Taking a 
carbon number of 18 for stearic and 16 for palmitic, 
azelaic must have a relative carbon number of 12 to 
give a total of 48 (omitting the 3 carbons of the 
glycerol moiety common to all) for each of these two 
glycerides. This is consistent with the fnd ing  that  
dimethyl azelate and methyl laurate emerged to- 
gether on a SE30 column. On this basis carbon 
numbers were assigned to each peak as shown in 
Figure  1. As pure samples of stearodiolein and pal- 
mitostearoolein were not available, they could not be 
included in the mixture. However, taking into con- 
sideration the emergence time in relation to carbon 
numbers, stearodiazelain (SAf)  with a carbon number 
of 42 would be expected to be eluted between PA2 
and PeA; similarly, palmitostearoazelain (PSA)  be- 
tween PfA and SeA. This is borne out by the results 
for cocoa butter.  F rom the above, it is apparent  that  
10 glyceride types can be determined in fats contain- 
ing glycerides of palmitie, stearic, and unsaturated 
fa t ty  acids (oleic, linoleie, and linolenic) which give 
rise to azelaic acid on oxidation. Fur ther ,  no peaks 
could be found for diglycerides on GLC, thereby 
showing that  no hydrolysis had taken place during 
oxidation. 

For  quantitat ive analysis using the flame ioniza- 
tion detector system, it is necessary to know the rela- 
tive response of the compounds under  investigation. 
McCarthy, Kuksis, and Beveridge (16) found that  
peak area with medium and long chain saturated tri- 
glyeerides approximately represented the weight com- 
position, but  stated that  the shorter chain triglyeer- 
ides, as in but ter  oil, would be expected to show 
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lower responses per uni t  of weight in this detector 
system. McWilliam and Dewar  (17) have shown that  
the molar response is related to the carbon number.  
(The carbon nmnbers  used in quant i ta t ive calculation 
using the flame ionization detector system are not 
necessarily the same as those previously used to pre- 
dict the emergence time of individual glycerides on a 
silicone column.) Ongkiehong (19) found that  with 
oxygenated compounds an approximate  response factor  
may  be obtained if the carbon number  is taken as the 
number  of carbon atoms remaining af ter  as many  CO~ 
groups as possible have been split  off. Perkins  et al. 
(21), while determining the relative response per  mote 
of some esters in the flame ionization deteetor found 
that  the relative response of esters as eompared to 
hydrocarbons effectively diminished by one carbon 
atom per molecule for mono esters. Thus n-pentyl  
propionate with 8 carbon atoms had an effective num- 
ber of 7 carbon atoms in the molecule. 

TABLE I 
Relative Response of Aa and Pa in Flame Sonization Detector 

_ Actual 
wt % 

Aa 51.4 
Ps 48.6 

Area % 
obtained 

I 43.5 
I 56.5 

Actual 
mole % 

56.8 
43.2 

Area % 
corrected 

for carbon 
number 

57.8 
42.2 

In  the present  investigation, a mixture  of purified 
Aa and Pa was separated by GLC, and the relative 
response was calculated by both the above methods 
(Table I ) .  Results calculated on the basis of area 
percentage corresponding to weight percentage showed 
poor agreement,  while those ealculated af ter  correct- 
ing area percentage on the basis of earbon number,  
showed good agreement  with the actual  mole per- 
eentage. The carbon numbers  used were obtained as 
fo l l ows .  Tr imethyl  triazelain (Aa), having 6 ester 
groups and 33 aetual carbon atoms, will have effective 
carbon atoms of 27; t r ipalmit in  (Pa),  which has 3 
ester groups and 51 actual carbon atoms, will have an 
effective number  of carbon atoms of 48. Therefore, 
in all subsequent ealeulations, peak areas were di- 
vided by the appropr ia te  effective carbon numbers  
to give mole percentages. 

Next, a t tempts  were made to analyse a mixture  of 
Pa and Sa. Pa s tar ted emerging at  the maximum 
temp used (325C). Sa emerged af ter  an additional 7 
nfin at this temp. The amount  of 83 determined by 
this procedure was always lower than the amounts 
taken. In  another  run, p rogramming  was continued 
beyond 325C at 3~ until  Sa was eluted at 340C. 
Even then there was a low recovery of $3. However,  
when Sa was added to oxidized cocoa but ter  and run, 
quant i ta t ive recovery of Sa was obtained. As the 
amount  of Sa in most na tura t  fats  is very  small, this 
error  in the quant i ta t ive determinat ion of Sa is 
negligible. 

Using the procedure described above, glyeeride com- 
positions of cocoa butter ,  eottonseed, olive, and soy- 
bean oils were determined (Fig.  1), and the results 
summarized in Table I I .  Cocoa but ter  contains pre- 
dominant ly  disaturated glycerides. GLC analysis 
has given distinct peaks for  P-.,U, PSU, and S2U giving 
v a n e s  of 19.1,39.9, and 22.7% respectively. Meara 
(18) had worked out the composition by a crystalliza- 
tion procedure, giving va lues  of 4,57 and 22 for  the 
above g lycer ides . .These  values are at variance with 
regard  to P2U and PSU and agree in the ease of 
S2U. Olive and soybean oils have predominant ly  tri- 
unsatura ted  glyeerides with some PU.o, while in the 
ease of cottonseed oil, there is more PU2 than Ua. 
F a t t y  acid compositions of the fats  obtained by GLC 
analysis agree very well with those calculated f rom 
the glyeeride emnpositions; see Table I I I .  This close 
agreement  between calculated and observed values 
also indicates the general aeeuraey of the use of 
carbon numbers  with respect to relative response per  
mole, when using the flame ionization detector system. 

To differentiate UUS f rom USU, and SSU f rom 
8US (U, unsa tura ted ;  S, sa tura ted) ,  analysis of these 
fats  was also carried out by the method of Youngs 
(32) with slight modifications as outlined in the ex- 
perimental  section. Results show in Table IV. I t  
can be seen tha t  results obtained by the present  GLC 
method and those of Youngs '  method agree very  well 
to within ~ 1 % .  In  Youngs '  method the oxidized 
glyeerides were separated into two groups, one con- 
ta ining GSa and GS2U, and the other GSU2 and GUa. 
Af te r  esterifieation, they were analysed separately  
by GLC and the fractions contained only the expected 



M A R C H ,  1 9 6 4  Y O U N G S  A N D  S U B B A R A M :  G [ ~ C  O F  O X I D I Z E D  ( ~ L Y C E R I D E S  

T A B L E  I I  

Ana lys i s  of T r ig lyee r ides  by GLC 
Mole 

221 

I_ u:~ I PV~ _ su_.. P-~U 
Coeoa bu t t e r  ......................................... [ 0.8 [ 6.2 / 8.8 / 19.1 
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glycerides, which showed the effectiveness of the 
partition chromatographic separation. The individual 
composition of the two fractions when added together 
agreed well with the composition determined on total 
glyeerides. 

The results obtained in the present investigation 
by these two nlethods are conlpared with those pre- 
viously reported, (Table V) in terms of GS3,GS2U, 
GSU2, and GU3. In the case of cocoa butter values 
obtained by the GLC method agree closely with those 
of Meara (18), Jones and Hamntoud (12) and Privett 
and Blank (23), and also with that of Kartha's 
hypothesis (13). Olive oil containing nearly 60% tri- 
unsaturated glycerides had no GS3. This is in agree- 
Inent with the results of Privett and Blank (23) and 
with Kartha's hypothesis (13). The values given by 
Hilditch and Maddison (7) show more of GSU2 than 
GU3. In the ease of cottonseed oil, GU3 is lower than 
calculated by Kartha's hypothesis (13), by about 
151,  while GS2U and GSU2 are slightly higher. Hil- 
ditch and Maddison (6) reported 58.4% GSU2. The 
countercurrent method of determination of glyceride 
structure of soybean oil (29) gave 57.7% GU3 and the 
present figures agree with this. GS3 was absent in 
soybean oil. 

The present method allows a quick, convenient and 
accurate determination of glyceride composition of 
natural fats, especially in those cases where very small 
samples of triglycerides are available; e.g., in the 
case of lipids from body fluids and glyeerides labelled 
with C14. Although 20 mg of sample has been used 
for analysis, it has been found that glyceride conlposi- 
tion can be determined with only 5 mg of sample. 
The complete analysis is carried out in ca. 4 hr. The 
present method gives the distributi(/n of individual 
saturated acids within the glycerides. All the un- 
saturated acids are, however, estimated together in 
one group as azelaoglycerides. To obtain the distribu- 
tion pattern of the unsaturated fatty acids as well, 
it would be necessary to separate the origilml fat 
into different groups on the basis of unsaturation. 

T A B L E  III 

F a t t y  Acid Composi t ion of Tr ig lyce r ides  
Mole % 

Cocoa bu t t e r  
Cale. a ............ 
O r ig ina l  b ....... 

Olive oil 
Calc. a ............. 
Or ig ina l  ......... 

Cot tonseed oil 
Calc. a ............ 
O r ig ina l  e ...... 

Soybean  oil 
Cale. a ............ 
O r ig ina l  ......... 

1 6 : 0  

2 9 , 1  
28.1 

12.7 
12.6 

28.5 
29.8 

13.3 
12.2 

1 6 : 1  

i 5  

1 8 : 0  1 8 : 1  1 8 : 2  

32.8 
32.9 

2.3 
2.6 ~:~ "d:~ 

2.8 
2.4 i~:~ i~:~ 

4.0 
4.4 i~:~ g55 

18:3_3 Total  
u n s a t ' d  

38.1 
38,3 

85.0 
84.2 

67.7 
66.8 

82.7 
83.4 

" Values  ca lcula ted  f r o m  Table 1I.  
bAl so  2 0 : 0 - - 0 . 7 % .  
cAlso  1 4 : 0 - 1 . 0 1 .  

T A B L E  I V  
Ana lys i s  of T r ig lyce r ides  by Yonngs '  Method 

Mole % 

i i i i sss 
Cocoa butter . . . .  I 1.7 I 14.8 I 1.9 ] 14.0 ] 67.6 ) .... 

Olive oil ........... ] 59.6 I 34.6 [ .... [ ...... I 5.8 ] 
Cot tonseed oil.. 29.6 I 49.2 I .... [ 5.2 ] 14.0 I 2".'0 
Soybean oil ...... 55.7 35.5 2.8 1.4 4.6 .... 

T A B L E  V 

Comparison of Ana lys i s  of T r ig lyee r ides  
Mole ~} 

R e f ~  

Coeoa butter. . . . ]  18 

method  
P r e s e n t  

[ method 
Olive oil ........... [ 7 9 

y o ~  3ng, s ' 23 

method  
P r e s e n t  

I method  
Cottonseed oil..] 136 

Youl~gs' 
method 
P r e s e n t  

oll / m e t h ~  

Soyl . . . . .  " ...... yo ' )  agS " : :  30 

method 
P r e s e n t  

I mefl~od 

S 

61 
54.7 
57 
61 
59 

61 

61 

ig 
11 

15 

15 
28 
31 

32.3 

13.7 
12.8 

16.5 

16.5 

2 
o9 
2 
7,1 

2.5 

2.0 

1.0 

GS2U GSU'2 I 

77 21 / 
83.9 15.2 
81 17 i 
80 17 ] 
67.5 23.3 

81.6 16.7 

81.7 15.0 
...... 45.3 

61.4 
"6"'" 32 
4.6 33.5 

5.8 34.6 

4.8 35.6 
1 3 2  
25 

19.2 49.2 

21.0 55 48.9 

not de t e r mined  
3.7 31.0 

5.9 38.3 

I 7.3 I 37.2 
4 

GUa 

2.1 

1.7 

0.8 
54.7 
38.6 
62 
62.1 

59.6 

59.6 
28.4 
31 

29.6  

29.1 
43 
57.7 
65.3 

55.7 

55.5 

Separation of the triglycerides by the method of 
DeVries (2) followed by analysis of different groups 
by the present method should give the distribution 
of both saturated and unsaturated fatty acids. Such 
a procedure is being investigated in this laboratory. 
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