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ABSTRACT 

A method has been developed for the quantitative 
thin layer chromatographic determination of the tri- 
glyceride groups, differing in unsaturation, based on 
densitometry of the charred bands. Complete separa- 
tion was achieved by continuous development in an 
open glass jar. The need for correction coefficients 
was avoided through addition of bromine to the 
double bonds prior to charring in the presence of 
sulphuryl chloride. The accuracy and precision of the 
method were evaluated on a standard mixture and on 
sunflower oil, olive oil, lard, cocoa butter, and beef 
tallow. The method is applicable for triglyceride 
group analysis of the most commo: z fats and oils 
which contain saturated, monoene, an,i diene acids. 

INTRODUCTION 

Barrett et al. (1,2) introduced argentation thin layer 
chromatography (TLC) for separating natural triglycerides 
according to their degrees of unsaturation. Direct densito- 
metric measurement of the spots made their method simple 
and rapid. However, the need for correction coefficients for 
quantitation of the peaks constrained Kaufmann et al. (3) 
to use the two-dimensional technique for this purpose. For 
the same reason, many workers prefer to elute each zone 
from a preparative plate and measure the recovered frac- 
tions by such methods as gravimetry (4,5), gas liquid 
chromatography of the methyl esters with added internal 
standard (6,7), colorimetry after chromotropic (8 -10 )o r  
hydroxamic acid (11,12) reaction, and titration after 
periodate-oxidation (13). These methods are very useful as 
part of more detailed analyses by consecutive chromato- 
graphic and enzymatic procedures (14) but are laborious 
and time-consuming for a routine practice. 

Several modifications in the method of Barrett et al. (2) 
with respect to preparation of the chromatoplates, develop- 
ment, and especially charring of zones has led to the rapid 
and simple procedure of quantitative analysis described in 
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FIG. 1. Cylindrical jars for continuous ascending development 
(A), impregnation with 0.5% methanolic silver nitrate (A), and 
exposure to bromine and sulphuryl chloride vapors (B). Dimensions 
correspond to those of the plate (4 x 19 cm). 

this paper. Presented here are results of its application to 
both a standard mixture and some natural oils and fats, 
used to obtain accuracy and precision data. 

EXPERIMENTAL PROCEDURES 

Acetone, heptane, and petroleum ether (br 40-70 C) 
were redistilled reagent grade solvents. Sulphuryl chloride 
and Silica Gel G for TLC were purchased from Merck 
(Darmstadt, W. Germany). The triglycerides (TG) of the 
oils and fats (commercial samples) were isolated by prepara- 
tive TLC on silica gel, using petroleum ether:acetone 
(100:8, v/v). Trilinolein, triolein, and tristearin were iso- 
lated from sunflower oil, olive oil, fully hydrogenated lard, 
respectively, by a preparative argentation TLC method that 
will be published elsewhere. 

Glass plates (4 x 19 cm) were cut from spectral thin 
plates and roughened on the face to be coated as recom- 
mended by Barrett et al. (2) A series of five uniform sized 
plates was coated with a slurry of Silica Gel G (4 g) in 
distilled water (10 ml) to give a layer 150-180/~ thick by a 
spreader similar to that of Goodall (15). The chromato- 
plates were allowed to dry overnight at room temperature. 
They were then impregnated by vertically dipping (3) in a 
0.5% methanolic silver nitrate solution, using a glass 
cylinder (Fig. l-A). The air-dried chromatoplates were 
activated 5 min in an oven at 110 C prior to use. 

A self-made glass sample applicator, constructed on the 
principle described by Achaval et al. (16), was used to 
apply the sample solution in heptane as an even, narrow, 
5 mm long band. Usually 15-35 pl of 0.1% sample solution 
was used, depending on triglyceride (TG) composition. 
Larger volumes were carefully applied, when necessary, in 
I 0/al portions several times on the initial band. 

Continuous ascending development in an open glass 
cylindrical jar (Fig. I-A) was applied instead of that used in 
sandwich type equipment. Attempts to achieve resolutions 
like those in the chromatograms of Figure 2 for 19-cm long 
plates failed when single or multiple developments (8,10) in 
closed tanks were used. A filter paper disk with nearly the 
same diameter was placed on the even bot tom of the jar, 
providing uniform development. Usually 5 ml of a petro- 
leum ether:acetone (100:4, v/v) mixture was used per plate 
at room temperature to obtain good separation for the 
samples studied. All the developing solvent was allowed to 
move through the layer and evaporate at the upper end of 
the plate. 

The plates were heated in an oven at 100 C for at least 1 
hr, then placed for 30 min in a closed horizontal cylindrical 
jar over a uniform layer of liquid bromine and transferred 
for 30 min in a second jar over liquid sulphuryl chloride, as 
shown in Figure 1-B. In this way, the chromatogram is 
evenly saturated with the vapors of the charring agent. The 
plates were then heated 10-15 min at 150-180C over a 
temperature-controlled metal plate. The zones appeared as 
dark brown to near black bands on an almost white back- 
ground. 

Densities of the charred substances were measured for a 
band along the chromatogram, on which the zones were 
situated, the two spot-free sides being covered with a glass 
screen to avoid scattering of light. A Carl Zeiss Densito- 
meter (Model ERI 65 m, Jena) with no filter, adjusted for 
highest sensibility of transmitted light, was used. The peaks 
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of  the different ia l  dens i tomet r ic  curve were measured  by 
t r iangulat ion.  For  tha t  reason,  only those  densi tograms 
showing s m o o t h  and a lmost  straight base lines were used 
for quant i ta t ive  evaluation. This was especially valid for the  
partially over lapping peaks, whose areas were measured by 
means of  the  c o m m o n  rule of  in te rpola t ion .  The absolute  
area under  each peak was taken  as relative percent ,  which 
co r r e sponded  to  the  wt c o n t e n t  o f  the substance.  

The same procedure  was applied for TLC quant i ta t ive  
de te rmina t ion  of  the  me thy l  esters of  the  oils and fats. The 
pure TGs were conver ted  in to  methyl  esters by the  m e t h o d  
of  Har tman  et al. (17). 

A mixture  of  equal parts of  the  chromatographica l ly  
purif ied TGs of  sunf lower  oil and lard and a small amount  
of  tr is tearin was separated and the  bands  ident i f ied ,  using 
the  data of  Kau fm ann  et al. (5). Iden t i f ica t ion  of  the  bands  
of  the oils and fats under  s tudy  was made with the  aid of  
this re ference  mix ture  by compar ing  the  bands  on one and 
the same ch romatogram.  Li terature  data were also used for 
the purpose .  

RESULTS AND DISCUSSION 

Comment on the Procedure 

The solvent mixture  was adjus ted  to the smallest pos- 
sible amount  of  silver n i t ra te  because of  its negative effect  
during charring. The ace tone  con ten t  should  be tes ted  and, 
depend ing  on  t empe ra tu r e  and TG compos i t ion ,  ad jus ted  
before  use if necessary.  

It is impor t an t  to  develop the  ch romatograms  in an open  
jar to  ob ta in  the  fol lowing advantages: (a) be t t e r  resolu t ion  
of  bands,  (b) ma in tenance  of  each zone  under  the same 

condi t ions ,  (c) simple equ ipment ,  and (d) night develop- 
ment .  

Double  b o n d  cleavage was supposed  to  take place during 
charring at elevated t empera tu re s  in the presence of silver 
ni trate.  The shor te r  chain f ragments  fo rmed evaporate  
p robab ly  in part ,  thus  lowering the  values for the  unsat-  
ura ted TGs. The results of  Barrett  et al. (2) could be ex- 
plained by this p h e n o m e n o n .  Because prel iminary hydro-  
genat ion of  the sample (18,19)  is not  applicable in this case, 
addi t ion  of  b romine  to  the  double  bonds  prior to  charring 
wi th  sulphuryl  chlor ide (20) was f o u n d  to  be very impor-  
tant  in this s tudy.  The need  for  cor rec t ion  coeff ic ients  was 
thus avoided (Table I). 

TABLE I 

Accuracy and Precision Data for a Standard  
Mixture from 20 Analyses 

Relative % by wt 

Trilinolein Triolein Tristearin 

Known value 34.5 30.6 34.9 
Mean value 35.3 29.6 35.0 
Standard deviation • • • 
Relative SD • • • 
Mean error • • • 
Relative error +-2.3 • • 

The polari ty of the  eluent  can be convenien t ly  cor- 
related wi th  its volume,  used for con t inuous  deve lopment .  
For  example ,  TGs wi th  up to  four  double  bonds  can be 
be t t e r  separa ted  using 10 ml of  a pe t ro l eum e the r : ace tone  
(100:2 ,  v/v) mixture .  The distances b e t w een  the  bands  of 
the  more  unsa tura ted  TGs increase wi th  polar i ty ,  a suitable 
e luent  being 4 ml of  pe t ro leum e the r : ace tone  (100:12,  v/v) 
for plates, impregna ted  by dipping in 1% methanol ic  silver 
ni t rate .  

Accuracy and Precision Data 

A standard  mix ture  of  t r is tearin,  t r iolein,  and tr i l inolein 
was used to  judge the accuracy and precision of the  
me thod .  Under  the  cond i t ions  of  the  procedure ,  ch roma to -  
grams were ob ta ined  in which the  three  TGs were s i tuated 
ca. on the same posi t ions  as those  in Figure 2. Statistical 
calculat ions were c o n d u c t e d  on a series of  20 ch roma to -  
grams for the  con ten t  of  each TG. The results are p resen ted  
in Table I. 

Bo th  the  accuracy and precision data are almost  equal 
for  the  three  TGs, irrespective of  their  unsa tura t ion ,  Rf 
value, and shape of spot .  Inasmuch  as the  amo u n t s  are 
almost  equal, it fol lows f rom the  SD values tha t  no system- 
atic error could  be expected .  It is thus  obvious that  the  
b romina t ion  of the  separa ted  TGs is a necessary s tep in the  
procedure .  

Similarly, the  m e t h o d  was examined  for analysis of  
natural  TG mixtures .  Five oils and fats, differ ing in un- 
sa tura t ion ,  were selected so as to  es t imate  the  precision 
when  TG is present  in negligible or considerable  amounts .  
The results o f  three  ch romatograms  for  a sample  were used 
to  calculate the SD for each TG present .  Both  the  TG group 

TABLE II 

Triglyceride Group Composition of Oils and Fats 

Relative % by wt 
Triglyceride 

group Sunflower oil Olive oil Lard Cocoa butter Tallow 

D3a 24.6 b 0.7 c 
MDT 0.9 • 0.2 
M2T 1.0 + 0.4 
DMD 1.8 + 0.3 
MDD 30.0 + 0.6 1.6 + 0.4 1.3 • 0.2 

DSD 18.8 + 0.3 1.1 -+ 0.1 1.4 + 0.2 0.7 • 0.1 
SDD 1.6 + 0.2 
M2D 8.9 • 0.2 12.2 • 1.5 7.6 -+ 1.1 0.4 • 0.1 
SMD 10.6 • 1.0 6.4 • 1.4 18.1 • 2.4 2.8 • 0.2 1.3 
M 3 1.3 • 0.3 39.4 • 1.8 8 .0  • 0.8 0.7 • 0.1 5.9 
S2D 2.0 • 0.3 7.0 +- 0.7 9.7 • 0.8 1.5 
SM 2 2.7 • 0.8 29.5 • 2.4 27.9 • 1.3 13.5 • 0.6 35.5 
SMMt 1.7 
SSM 13.9 
SMS 1.1 • O.1 "/.9 + 0.2 20.5 + 2.6 70.3 • 0.2 22.5 

S2M t 0.8 
S 3 4.9 -+ 0.5 1.9 + 0.8 16.8 

0.4 
1.2 
0.2 
1.0 
0.9 
0.7 
1.2 
0.3 
0.6 

aAcyl groups in the  triglycerides: S = saturated, M = c i s - m o n o e n e ,  Mt = t r a n s - m o n o e n e ,  D = all-cis-diene,  and 
T = all-cis-triene.  The order of the letters is not important, except when positional i somers  are being separated. 

bMean value of triplicate analysis. 
e S t a n d a r d  deviation. 
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TABLE III 

Calculated and Found Fatty Acid Group Composition of the Oils and Fats 

VOL. 53 

A c i d  g r o u p  

Rela t ive  % b y  w t  

S u n f l o w e r  oil  Olive oil  L a r d  C o c o a  butte~ T a l l o w  

Calc.  F o u n d  Calc.  F o u n d  Calc .  F o u n d  Calc .  F o u n d  Calc.  F o u n d  

D a 64 .3  b 63 .2  c 8 .3  11 .6  14.9  12.8  4 .9  4 .0  0 .9  1.1 
M 2 2 . 9  23 .2  73 .7  7 0 . 3  45 .5  4 7 . 3  32 .0  33 .7  4 2 . 8  4 3 . 3  
Mt 0 .8  1.6 
S 12 .8  13 .7  18 .0  18.1 39.5  39 .9  63 .0  62 .2  55 .4  54 ,0  

a A c y l  g r o u p s  in the  t r i g lyce r ides :  S = s a t u r a t e d ,  M = c i s - m o n o e n e ,  Mt = t r a n s - m o n o e n e ,  D = all-cis-diene. 
The o r d e r  o f  t he  l e t t e r s  is n o t  i m p o r t a n t ,  e x c e p t  w h e n  pos i t i ona l  i somers  are be ing  s e p a r a t e d .  

b C a l c u l a t e d  f r o m  t r i g l y c e r i d e  g r o u p  c o m p o s i t i o n  in Tab le  II. 

C F o u n d  b y  a r g e n t a t i o n  t h in  l a y e r  c h r o m a t o g r a p h y  m e t h y l  es te r  ana lys i s .  

SUNFLOWER OIL 

D3 MD2sD2 M2D SMDM3,R2DSM2__ S2M 

OC :D o 0 0 0  0 I 

MDT MD 2 M3 
M2D SMD S'I'D2 SM2 S2M M2T SD2 

[ , o o o B  0000 0 

LARD /.~ //~A //~ i/r~ /~ . 
u ,l 

DDM DDS M2 D SMD M3 DSD S2D SM2 S2M $3 

, oooo 0 0 0 0 0  0 

SD2 M2D SMD M 3 S2D SM 2 $2 M $3 

I ' o o O o  O 0  0 

SMMt SMS S 3 
SMD M3 S2O SM2 SSM S2Mt 

[St., I 011 C ) o c t |  0 Fr.[ 

FIG. 2. Separation of oils and fats by argentation thin layer 
chromatography. For the sake of clarity, chromatograms are 
diagrammatically depicted. Chromatographic conditions are 
described in Experimental Procedures. Acyl groups in the triglyc- 
erides: S = saturated, M = c i s -monoene ,  Mt = t r a n s - m o n o e n e ,  D = 
aU-cis-diene, and T = all-cis-triene. The order of the letters is not 
important, except when positional isomers are being separated. St = 
start, Fr = front. 

composition and the respective SD values are given in Table 
II, which shows that the SD values are reliable enough for such 
a small number of analyses. A good coincidence between 
the SD values for a TG group in the different oils and fats 
was observed. The precision is not influenced by a system- 
atic error again. 

On the other hand, an indirect approach was applied to 
follow the accuracy of the method when oils and fats are 
analyzed. The fatty acid group composition, calculated 
from the TGs, was compared with that experimentally 
determined by TLC. The results, represented in Table III, 
show that the values are closely related and that a small 
random error is being admitted. Consequently, the average 
values of only three good chromatograms are reliable for 
the determination of the TG group composition of oils and 
fats containing the above acids. 

Application to Natural Oils and Fats 
Separations of the TG groups of the fats and oils studied 

are summarized in Figure 2. 
A typical densitogram of Bulgarian sunflower oil (solid 

line) was used to calculate the areas of all the peaks. How- 
ever, the peaks of  MD 2 and SD 2 groups overlapped and 
that of S2M was too small. The exact quantities of these 
groups were determined by means of two additional 
chromatograms. The ratio of MD 2 to SD 2 was established 
by separating a 5/~1 of 0.1% sample solution, as shown by 
the dotted line. This ratio was used to divide their sum, 
known from the first chromatogram. Similarly, a third 
chromatogram was obtained with 80/11 sample solution to 
exactly determine the ratio of the peaks of S2M and SM2, 
the known quantity of the latter being used as "internal 
standard." In general the composition found is in good 
agreement with the values reported for Bulgarian sunflower 
oil (21,22) and other oils (5,23). 

The four small peaks of the Spanish olive oil densito- 
gram were identified by comparison with those reported by 
Kaufmann et al. (9). To increase accuracy, these groups 
were determined with the aid of a chromatogram, applying 
40/~1 of sample solution and using M2D group as an inter- 
nal standard in the manner already described. This separa- 
tion is represented by the dotted line. Attempts to separate 
M 3 and S2D groups failed due to the great quantity of the 
former. For that reason, the calculated amount of diene 
acid group was lower than the found one (Table III). The 
TG composition reported here is closely related to that 
found for olive oils with similar fatty acid contents 
(9,24-26). 

The TG groups of lard were identified by the standard 
mixture. The groups M 3 and $2 D were separated as before 
by a second chromatogram starting from a smaller amount. 
The four peaks near the start line were identified as posi- 
tional isomers of the groups MD 2 and SD 2. The two 
respective bands formed in a preparative chromatogram 
from larger sample were scraped, and their fatty acid corn- 
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pos i t ion  c o r r e s p o n d e d  to  t he  above  groups.  Thus ,  it was 
conc luded  t h a t  t he i r  pos i t i ona l  i somers  are sepa ra ted  w h e n  
a m u c h  smal ler  a m o u n t  of  sample  is used for  analysis.  The  
pos i t ion  of  each  i somer  was suggested f rom the  t heo re t i ca l  
cons ide ra t ions  of  the  r r -complexing of  t he  silver ion.  The  
c o m p o s i t i o n  of  the  lard TG groups  is in general  ag reemen t  
wi th  data  pub l i shed  previous ly  (7 ,27) .  

Cocoa  b u t t e r  was chosen  as an  example  t o  prove  t he  
appl icab i l i ty  of  the  m e t h o d  w h e n  a larger  a m o u n t  of  a T G  
group is p resen ted .  The  SD2, M2D , and  M 3 groups  s h o w e d  
t o o  small  peaks to  be  exac t ly  evaluated.  Fo r  t h a t  reason,  a 
second  sepa ra t ion  was p e r f o r m e d  wi th  70  gl sample  solu- 
t ion .  The  q u a n t i t y  of  the  SMD group,  f o u n d  in the  first 
dens i togram,  was used as in t e rna l  s t a n d a r d  in t he  second  
run,  t h e  t o t a l  c o m p o s i t i o n  of  the  fat  t h e n  be ing  recalcu-  
la ted  f rom b o t h  dens i tograms.  Tak ing  in to  a c c o u n t  these  
groups,  a s l ightly lower  value  for  S2M resu l ted  t h a n  t ha t  
f o u n d  by  o t h e r  workers  (2 ,27-29) .  However ,  t he  ca lcu la ted  
f a t t y  acid c o m p o s i t i o n  was close to  the  e s t ima ted  one  
(Table  III),  t hus  con f i rming  the  r e p o r t e d  TG c o m p o s i t i o n .  

Nine  TG groups  were separa ted  f rom beef  ta l low.  Of 
special  in te res t  is the  r e so lu t ion  of the  t w o  groups  con-  
t a in ing  t rans -monoene  acids, i.e., SMMt and  S2Mt , ident i -  
fied by  re fe rence  substances .  I r respect ive  of  the  large 
q u a n t i t y  presen t ,  t he  pos i t iona l  i somers  SSM and SMS were 
also de t e rmined ,  especial ly w h e n  a smaller  a m o u n t  was used 
( d o t t e d  line).  The i r  respect ive  pos i t ions  are well  k n o w n  
(1,2) .  The  r ema in ing  groups  were iden t i f i ed  by  the  s t anda rd  
mix tu r e  a n d  eva lua ted  as descr ibed  before .  This  composi-  
t i on  of  bee f  t a l low (Table  II) is c o m p a r a b l e  to  t h a t  given by  
Luddy  et al. (30) ,  t ak ing  in to  accoun t  the  d i sc repancy  in 
the  f a t ty  acid con ten t s .  
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