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Determination of the Glyceride Structure of Fats 

of Individual Saturated and Unsaturated Acids' 

Distribution 

M.R. SUBBARAM 2 and C.G. YOUNGS, National Research Council of Canada, 
Prairie Regional Laboratory, Saskatoon, Canada 

Abstract 
A method has been devised which gives the 

distribution of saturated and unsatura ted  fa t ty  
acids. I t  involves fraet ionation of the triglyc- 
erides into groups on the basis of total unsatura-  
tion by employing ehromatography on a silicie 
acid-silver ni trate  colmnn. The glyeeride composi- 
tion of eaeh fract ion is then determined by gas- 
liquid chromatography (GLC) of the oxidized 
glycerides. Using this method, the glyeeride com- 
position of lard and cocoa but ter  was determined 
to give quant i ta t ive amt of 24 and 18 glycerides, 
respectively. Duplicate analyses agreed to within 
_+0.5%. The f a t ty  acid composition calculated 
f rom the glyceride composition agreed to within 
•  with that  of the original fat. This ap- 
proach provides a new basis for the evaluation of 
the glyeeride ryes in na tura l  fats  and for the first 
t ime permits  the quanti tat ive determination of 
all the chemically different glyeerides of myristie, 
palmitie, stearie, oleic, linoleic and linolenie acids 
in a fat. 

Introduction 

I X a RETEST publication f rom this laboratory (16), 
we have reported a method for the determination 

of glyceride composition of natural  fats  whieh involves 
oxidation of the fa t  by permanganate-per iodate  and 
subsequent GLC of the oxidized esterified glyeerides. 
Although this method gives the distribution of the 
individual sa turated fa t ty  acids in the glycerol moiety, 
the unsa tura ted  acids are estimated together as azelao- 
glycerides, in  order to obtain the distribution of the 
unsa tura ted  acids as well, it is necessary to first quan- 
t i ta t ively separate the fa t  into groups differing in 
unsaturat ion,  de Vries (3) has recently described 
such a method. Using a column of silicie acid im- 
pregnated with silver nitrate,  and vary ing  proport ions 
of benzene in petroleum ether as eluting solvent, he 
obtained clear cut separation of tristearin,  oleodi- 
pahnitin,  stearodiolein and triolein. In  this paper  we 
describe a method of glyeeride analysis based on 
fraet ionation of a fa t  into groups differing" in the 
degree of unsatura t ion followed by GLC analysis of 
oxidized, esterified glyceride fractions thus obtained. 

1 Presented at AOCS Meeting in Minneapolis, 1963. Issued at NRC 
7947. 

e National Research Council Postdoctorate Fellow, Pra i r ie  Regional 
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The method has been applied to the s tudy of glye- 
eride composition of lard and cocoa butter .  

Experimental 
Materials 

Benzene was purified as outlined by Vogel (14), by 
shaking it with coned H2S04, washing, dry ing  and 
distilling using a f raet ionat ing column. The firt and 
the last 50 ml were rejected and the middle fract ion 
was collected. 

Mallinckrodt silieie acid, 100 mesh, analytical  grade 
was used. 

Samples of synthetic triglyeerides were obtained 
f rom Canada Packers, Toronto, and purified by silieie 
acid chromatography (6). 

Lard  and cocoa but ter  were commercial samples 
and had iodine values of 66 and 39 respectively. 

Methods 
Cohtmr~ Chromatography. A mixture  of tristearin,  

oleodistearin, palmitodiolein and triolein was sepa- 
rated on a silver nitrate impregnated silieie acid 
column as described by de Vries (3). Subsequently, 
lard was fraet ionated into 5 fractions as follows: 20 
g silver ni trate  impregnated silieie acid (3) and 10 g 
eelite were mixed together in a mor ta r  and pestle 
and packed on to a column (18 nnn diam) with 30%, 
by volume, of benzene in Skellysolve F (a hydro- 
carbon fract ion with a br of 35-58C) to give a column 
length of 28 era. The column was covered with black 
paper  dur ing operation. Lard  (146 rag) in 3 ml 30% 
benzene in Skelly F was added at the top of the 
column. Elution was comineneed with 40% benzene 
in Skelly F. The rate of elution was 0.5 ml /min  and 
fractions of 20 ml were collected. A change in the 
eluting solvent was made only af ter  a peak star ted 
coming down. Thus 55, 80 and 100% benzene solu- 
tions were used to elute fractions 2,3 and 4, respec- 
tively. Fract ion 5 was eluted with ether. Solvent 
systems for effeeting separat ions were arr ived at on 
the basis of pre l iminary  runs. Cocoa but ter  was 
fract ionated into 4 fractions using the same general 
procedure. Fract ions belonging to each peak were 
pooled together. Thin layer chromatography (TLC) 
of these fractions by the method of Padley (1) gave 
single spots. The wt of each fract ion was then de- 
termined. 

GLC Analysis. A portion of each fract ion was in- 
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FIG. 1. F r a c t i o n a t i o n  of  l a rd .  

teresterified with methanolic HC1 and the fatty acid 
composition of the esters was determined by GLC 
using a column containing phthalic ethylene glycol 
on chromosorb W. 

Glyceride composition of a further portion of each 
of these fractions was determined by the method of 
Youngs and Subbaram (16). Details of the method 
of oxidation and GLC analysis are described in that 
paper. 

Pancreatic Lipase Hydrolysis. In order to calculate 
triglyceride composition according to Vander Wal 
(13), pancreatic lipase hydrolysis of lard and cocoa 
butter was carried out by the procedure described by 
Youngs (15) .  
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TEMPERATURE "C 

~IG. 2. ~ L C  char ts  o f  o~ id ]zed  i n e t h y ] a t e d  g l yce r ides  o f  
l a rd .  

C o l u m n - - 4  f t  x ~ 6  in. in  S.S. 
P a c k i n g - - 2 %  S E 3 0  on A n a k r o m  A.B .S .  
H e l i u m  flow r a t e - - 1 0 0  m l / m i n  
I I y d r o g e n  flow r a t e - - 3 0  m l / m i n  
A i r  flow r a t e - - 4 0 0  m l / m i n  
T e m p  p r o g r a m - - 2 6 0 - 3 4 0 C  a t  3 ~  
I n j .  p o r t  t e m p - - 3 8 5 C  
Block  t e m p  355C 
A t t e n u a t i o n - - 8 0 0  
C h a r t  s p e e d - - 2  r a i n / i n  

VoL. 41 

TABLE I 

Separation of Lard  and Cocoa Butter on Silicic Acid-Silver 
Nitrate Column 

Fraction No. Number ] Lardl of Elating [ wt % Cocoa 
_ _  butter 

doublebonds solvent t%un 1 [ l~un 2 wt % 

I ~ . . T . . . ~ . .  40~ 4.7 I 4.0 / 1.4 2 ....................... 0 
5 .................... i.. 2 55 a 23.3 24.4 73.8 3 ....................... 80" 37.7 38.2 I 18.1 
4 ...................... 3 100a 24.0 24.4 6.7 

4 / Ether ] 10.3 I 9.0 I 

a % Benzene in Skelly F. 

Results  and Discussion 

A mixture of synthetic triglyeerides, tristearin, 
oleodistearin, palmitodiolein and triolein was sepa- 
rated on the silieic acid-silver nitrate column. Clear 
Gut fractions were obtained and the recovery was 
98-102%. This determined the pattern of elution 
of the triglycerides under the present experimental 
conditions. 

Before attempting the fraetionation of lard and 
cocoa butter by column chromatography, a prelimi- 
nary TLC separation was carried out by the method 
of Padley (1) on silver nitrate coated silica gel plates. 
From this an idea of the components present was 
obtained. The fractionation of natural fats was then 
carried out using column chromatography. Lard was 
thus separated (Fig. 1) into five fractions with 0,1,2,3 
and 4 double bonds by eluting respectively, with 
40,55,80 and 100% benzene in Skelly F, and finally 
with ether. Table i gives the wt per cent of fractions 
as obtained by column chromatography of duplicate 
runs for lard and a single run for cocoa butter. Dupli- 
cate analysis of lard agreed with 1%. Assignment 
of the degree of unsaturated for each fraction was 
substantiated by the determination of the fat ty acid 
composition. 

These fractions were oxidized, esterified and ana- 
lysed gas chromatographically by the method of 
Youngs and Subbaram (16). Figure 2 shows the 
GLC separations of lard. The separation of oxidized, 
esterified lard is shown in 2A, while 2B-2F give the 
glyceride composition of the fractions separated from 
lard on the silicic acid-silver nitrate column. Figure 
2B shows the separation of fraction 1, which should 
consist of fully saturated glyeerides (no double bond) 

TABLE II 
Glycerides in Lard  

Fraction from 
silicie acid 

silver nitrate 
column 

Glyceride 
composition 
of fractiona 

Final 
composition 

Mole % Mole % 

PS'~ 46.8 2.2 
P2S 38.2 1,8 

l ........................................................ pe 10.6 0.5 
MP2 4.4 0.2 

SuO 6.0 1.4 
PSO 67.0 15.6 

2 ........................................................ P20 23.2 5.4 
MPO 3.4 0.8 
M'~O 0.4 0.1 

PSL 5.9 2.2 
P~L 3,2 1.2 

3 ....................................................... SOu 23.0 8.7 
POu 64.5 24.3 
MO'~ 3.4 1.3 

PSLi 1.2 0.3 
PPLi  0.4 0.1 
SLO 16.8 4.O 

4 ........................................................ PLO 46.6 11.2 
MLO 2.4 0.6 
Oa 32,6 7,8 

SL2 7.8 0.8 
5 ....................................................... PL2 23.4 2.4 

ML2 3.9 0.4 
OL, L 64.9 6.7 

M--myrist ic,  P--palmit ic ,  S--stearic,  O--oleic, L--linoleic, L i - -  
linolenic. 
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GS3 

GSeU 

GSU.~ 

S3 
PSe 
P2S 
Pa 
MP2 

$20 
S2L 
PSO 
P S L  
P S L i  
P20 
P2L 
P2Li 
M~O 
MPO 

S02 
SL~ 
SOL 
P02  
PLe 
P O L  
M0~ 
ML2 
MOL 

R u n  

1.8 
0.5 
0.2 

1.4 

2.2 
0.3 
5.4 
1.2 
0.1 
0.1 
0.8 

8.7 
0.8 
4.0 

24.3 
2.4 

11.2 
1.3 
0.4 
0.6 

P resen t  resul ts  

Calc ~ I R u n  2 b 

1.6 
1.7 
0.5 
0.2 

1.6 

2.4 
0.1 
6.0 
1.2 
0.2 
0.2 
1.1 

8.9 
0.6 
3.2 

24.3 
2.2 

11.0 
1.4 
0.3 
1.0 

8.9 
5.9 

0.2 
2.4 
2,2 
0.4 
0.2 

1,9 
0,1 

15,5 
4,0 

6,2 
1.5 

0.1 
0.5 

9,1 
0.4 
2,7 

23,3 
1,6 

12.1 
1.4 
0,I 
0.5 

Coleman 

SSS 0.2 
P S S  0.1 
SPS  2.4 
P P S  1.7 
P S P  0.2 
P P P  0.3 

SSU 1.2 
SUS  1.1 
S P U  18.9 
P S U  0.4 
P U S  0.7 
P P U  6.5 
P U P  0.1 

S U U  8.3 
U S U  2.4 

P U U  2.9 
U P U  36.5 

P r i v e t t  
(S = sa t 'd)  

Sa 7.0 

$20 23.6 
S2L l l . 9  

802 19.4 
SOL 23.5 

Qnimby 

2.4 

28.0 

40.1 

Riemen- 
schneider  

1.9 

25.9 

54.6 

GUa Oa 7.8 7.9 
O'~L 6.7 5,7 U U U  16.1 03 14.6 29.5 17.6 

a M - - m y r i s t i c ,  P - - p a l m i t i c ,  S - - s t ea r i c ,  O--oleic ,  L- - l ino le ic ,  L i - - l i n o l e n i c .  
b Values calculated according to Vander  Wal  from lipase hydrolysis  data.  

and only saturated glyeerides were recorded. Figure  
2C depicts the compounds present in fraction 2 (1 
double bond group).  The combination of fa t ty  acids 
possible in this group are those of oleic acid with 
2 saturated acid groups. The predominant  peak in 
this chart is that of PSO which represents nearly 
65% of the fraction. Figure  2D gives the separation 
of fraction 3 (2 double bonds). Here we can expect 
combinations of 2 oleic acid groups with 1 saturated 
or 1 linoleie with 2 saturated acid groups. Palmitodi- 
olein represents nearly 65% of this fraction. In' 2E 
we see the separation of fraction 4 (3 double bonds). 
The glycerides in this group contain either 3 oleic 
acid groups or 1 linoleie, 1 oleic and a saturated acid 
group. Trace amounts of glycerides of linoleuie acid 
with 2 saturated acid groups were also detected in 
this fraction. Triolein and POL are the main peaks 
in this group. Figure 2F represents separation of 
fraction 5 (4 double bonds). Combinations of fa t ty  
acids in this group are 2 linoleies with 1 saturated 
or 2 oleies with 1 linoleic. Linoleodiolein represents 

65% of this fraction. As ether was used to elute 
this fraction, glycerides containing more than 4 dou- 
ble bonds may also be included. However, the f a t ty  
acid composition of this fract ion would indicate that  
such materials, if present, occur in very  small 
amounts. F rom Figure  2 it becomes apparent  that 
there is clear cut separation of fractions according 
to the number of double bonds. On the basis of the 
above analysis, lard has been shown to consist of 24 
glycerides in  the proportion given in Table II.  The 
triglyceride type distribution determined by GLC 
for whole lard agreed well with those obtained for 
the fractions. The agreement of any individual tri- 
glyeeride peak of whole lard and the total from the 
fractious was 95% or better. The fa t ty  acid composi- 
tion calculated from the glyceride composition agrees 
closely with that of the original to within 1% (Table 
V).  As pahnitoleic acid gives azelaic acid on oxida- 
tion, it will be included along with oleic acid when 
the values for monoethenoid acids are calculated from 
the glyceride composition. In Table I, percentage 

T A B L E  I V  

Comparison of Glyceride Composit ion of Cocoa Bu t t e r  

P resen t  results  

R u n  1 Cale a 

Sa 0 . 3 - -  1.0 
PS~ 0.6 2.6 
P2S 0.4 2.2 

GS3 P~ , 0.1 0.7 

20.5 19.0 
S~L 0.3 1.4 
SeLi I 0.2 0.1 
SPO I 37.8 32.7 

GS2U S P L  i.I 2.5 
S P L i  0.4 0.1 
P'~O 15.5 14.0 
P2L 1.2 1.O 
P2Li 0.2 0.1 

S02 8.8 9.0 
SOL 2.1 1.1 

GSU~ SL2 1.5 
P02 6:7 7.6 
P O L  2.0 1.5 
PL~ 0.7 

GUa 03 1.8 1.2 

Coleman 

SSS 0.3 
SSP 0.4 
S P S  0.6 
P P S  0.9 
P S P  0.2 
P P P  0.3 

SSU 0.1 
S U S  27.4 

S P U  0.2 
P S U  0.1 
P U S  39.3 
P U P  14.1 
P P U  0.1 

S U U  8.9 

P U U  6.4 

U U U  0.7 

P r i v e t t  
(S z sa t 'd)  

2.0 

$20 74.7 
S2L 6.3 

SO~ 17,0 

Dut ton  

0.9 

$20 26.5 
PSO 38.7 
P20 15.1 

H a m m o n d  

$20 17.0 
PSO 46.6 
P20 21.0 

S02 6.6 
PO~ 8.8 

Meara  

3.0 

$20 22.0 
PSO 57.0 
P20 3.7 

S02 5.8 
P02 7.4 

1.1 

Hi ld i t ch  

2.8 

S'~O 18.4 
PSO 51.9 
P20 6.5 

S02 12.0 
P02  8.4 

Sctmlfield 

0.16 

S,20 22 
PSO 41 
P,~O 12 

a Values calculated according' to Vander  Wa l  from lipase hydrolysis  data. 
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T A B L E  V 

Fa t ty  Acid Composition of L a r d  and Cocoa But t e r  

(Mole % 

1 1 4 , 0 1 1 _ 6 : :  18:0 18;1 18:2 
L a r d  I = - -  - -  - -  

Calc a ............................. 1.3 26.4 13.0 48.6 10.5 
Original  ......................... I 1.5 I 26.0 12.5 48.5 b 11.0 
l : 3 p 0 s i t i o n " .  ................ I 0.7 I 8.2 ' 1 8 . 9  56.8 15.4 

I I 
Cocoa ba t t e r  I I 

C a e  a " " '  ............................ I I 28.4 31.2 I 37.8 i 2,3 [ 
Or ig ina l  ......................... 28.1 32.7 J 36.0 I 3.0 I 
1 : 3 p  osi t i~  ................. [ I 40.1 46.8 / 11.8 [ 1.3 / 

18:3 

0.2 
0.5 

0.3 
0.2 

a Values  calculated f rom Tables I I  and IV.  
b Inc ludes  palmitoleic acid 3 %. 
e F r o l n  panc rea t i c  lipase hydro  vsis. 

composition of the fractions separated on the colunln 
are given in wt per cent, while those in Tables II,  
l I I  and IV are given in mole per cent. When values 
in Table f were converted on a molar basis, the dif- 
ferences were negligible and mole per cents were not 
included. 

Cocoa but ter  was fraetionated into 4 groups and 
the fractions were analysed in the same manner (Fig. 
3 and Tables I , IV,V).  The results show the presence 
of fully saturated glyeerides in fraction 1, disaturated 
oleins in fraction 2, disaturated linoleins and mono- 
saturated dioleius in fraction 3, and traces of disatu- 
rated tinolenin, mono-saturated oleolinolein and tri- 
olein in the last fraction. I tere agaii1 the calculated 
fa t ty  acid and glyeeride conipositions agreed with the 
original composition of the fat. 

h i  Tables II1 and IV, results of glyeeride analysis 
of lard and cocoa butter  are compared with those 
calculated according to Vander Wal 's  theory (13) 
and with data reported by other investigators. In 
the present investigation no at tempt has been made 
to distinguish isomers; for example, POP and PPO 
are given as PiO. Data calculated according to Vander 
Wal (13) from pancreatic lipase analysis for lard 
(Table I I I )  and similar data given by Coleman (2) 
agree closely with the present results. Figures ob- 
tained by Pr ivet t  and Blank (9) by TLC of the 
products of reductive ozonolysis of triglycerides ap- 
pear to be somewhat different from the present re- 
sults. While values for SiL and SOL are higher by 
8 and 7% respectively, that for S02 is lower by 15% as 
compared with the present results. Riemenschneider 
et al. (11), using low-temp crystallization for the 
determination of glyeeride composition of lard, ob- 
tained almost the same results as reported here. 
Quimby et al. (10) who also used low-temp crystal- 
lization have reported 40.1 and 29.5%, respectively, 
for GSUe and GUy These values vary from the 
present results. As far  as we know this is the first 
time that  the presence of 24 glycerides has been 
reported for lard. 

A comparison of results for cocoa butter  (Table 
IV) shows that, in general, there is agreement of 
the values obtained for the 4 general classes of glye- 
erides. Jus t  as with lard there was close agreement 
between the present values and those calculated from 
lipase hydrolysis data. Values calculated by Coleman 
(2) froni his pancreatic lipase data, are closer to 
the results of the present investigation than those 
calculated by us from our pancreatic lipase data. 
Jones and Hammond (7), Hilditch and Stainsby (5) 
and Meara (8) have reported values of 47,52 and 57% 
for PSO as compared to 37.8% obtained in the present 
investigation. This figure compares favourably with 
values ranging from 38-41 reported by Dutton et al. 
(4,12). 

The nlethod described in this investigation pro- 

Z 
(D N 2 
hl 
(2: 

g 
CI 

g 

ID) FRICTION 

260 270 2SO 290 300 310 320 525 ~$OTHEAMAL 

TEMPERATURE "C 

:Pro. 3. G L C  c h a r t s  o f  o x i d i z e d  m e t h y l a t e d  g ' l y e e r i d e s  o f  
c o c o a  b u t t e r .  

C o l u m n - - 4  f t  x :}~  in.  i n  S .S .  
P a c k i n g - - 2 %  S E 3 0  on  A n a k r o m  A . B . S .  
H e l i u m  f low r a t e - - 1 0 0  m l / m i n  
H y d r o g e n  f low r a t e - - 3 0  m l / m i n  
Air f low r a t e - - 4 0 0  m l / m i n  
T e m p  p r o g r a m - - 2 6 0 - 3 4 0 C  a t  3~ 
[ n j .  p o r t  t e m p - - 3 8 5 C  
B l o c k  t e m p - - 3 5 5 0  
A t t e n u a t i o n - - 8 0 0  
C h a r t  s p e e d - - 2  r a i n / i n  

vides a new basis for the evaluation of glyeeride types 
in natural  fats. At present it has been used for the 
analysis of fats of relatively simple fa t ty  acid com- 
position. However, as a major i ty  of fats fall into this 
group, the method should prove valuable to s tudy 
their glyceride composition. Fats  containing a large 
proportion of polyunsaturated or conjugated fa t ty  
acids have a different elution pat tern on the silicie 
acid-silver ni t rate  column. Glycerides containing con- 
jugated fa t ty  acids behave more like those containing 
saturated acids. Here, modifications will have to be 
effeeted in the method used for column separations. 
Some of these aspects are being investigated in this 
laboratory. 
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