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R'  CHeBr (4) 
\ / 

C = C 
/ \ 

R R" 
can be at t r ibuted to the presence of isomers I I I  and 

I V .  The presence of the characteristic band for the 
corresponding chloro-olefin, 7.94 ~ to 8.01 /~, could 
not be confirmed because of an interfer ing triglycer- 
ide band.  

The ratio of isomers I and I I  to isomers I I I  and 
IV formed by hydrohalogenation is not known. That  
it is a constant for  the hydrochlorination reaction, 
however, was shown by the reproducibil i ty and the 

consistent mathematical relationship between absorp- 
t ivi ty measurements at 11.05 ~ obtained when syn- 
thetic mixtures of Sterculia foetida oil and corn oil 
were subjected to the hydrochloric, acid treatment.  
Similar absorptivi ty measurements on HBr- t i t ra ted  
samples, on the other hand, indicated that  this rat io 
varied f rom experiment to experiment. 
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A Method for the 
and Lecithins 

Structural Analysis' of Triglycerides 

O. S. PRIVETT and M. L. BLANK,  University of Minnesota, The Hormel Institute, Austin, Minnesota 

A b s t r a c t  

The structural  analysis of lecithins and tri- 
glycerides is described. The procedure is carried 
out on 2-5 mg of sample by a combination of 
reductive ozonolysis and thin-layer chromatog- 
r aphy  (TLC) .  The ozonides as well as the alde- 
hyde " c o r e s "  derived f rom reduction of the 
ozonides are separated by TLC and analyzed 
quanti tat ively by densitometry. The constituent 
saturated fa t ty  acids of the separated aldehyde 
" c o r e s "  are methylated and analyzed by gas- 
liquid chromatography (GLC).  The scope of the 
method is demonstrated by the analysis of sev- 
eral synthetic and natural  tr iglycerides and sev- 
eral lecithins isolated from natural  sources. 

I n t r o d u c t i o n  

G ENERALLY, the component tr iglycerides of fats 
and oils are determined on the basis of the fa t ty  

acid composition of simple fractions. In  some meth- 
ods, the fractionation is carried out directly on the 
fats or oils (9,37,41,44,45,46), in others af ter  oxida- 
tion of the unsaturated f a t ty  acid constituents (20, 
22,25,48). Pancreat ic  lipase hydrolysis, together with 
f a t ty  acid analysis, has also been used to obtain in- 
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formation on triglyceride s t ruc tu re  (1,6,31,32,42,43). 
The position of the f a t ty  acids in lecithin has been 

studied mainly by methods based on the specific ac- 
tion of lecithinase A (12,13,15,26,30,22,40). I t  was 
generally believed that lecithinase A was specific for  
the hydrolysis of the f a t ty  acids in the a-position. 
However, recent evidence (16,47) indicates that  the 
attack by this enzyme is directed to the fa t ty  acids 
on the fl-position. Although enzymatic methods pro- 
vide information on the position of the f a t ty  acids in 
both lecithin and triglycerides, they do not permit  a 
direct determination of the positional arrangement  of 
the f a t ty  acids in the paren t  molecules. 

Present  methods for the s t ructural  analysis of tri- 
glycerides are laborious or time consuming, and re- 
quire gram-wise amounts of material  which limits 
their  application with regard  to both the number of 
analyses tha t  may be performed and to samples which 
are available in relatively large amounts. These draw- 
backs have been largely eliminated in the analysis of 
triglycerides by  a method described recently by the 
authors (34). Presented here are fu r ther  develop- 
ments in this method for tr iglyceride analysis and its 
application to the analysis of the positional arrange- 
ment of the f a t ty  acids in lecithin. 

The two basic reactions of the method are dem- 
onstrated on glyceryl- 1-1inoleate-2,3- distearate as 
follows: 
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The above triglyceride ozonide falls into the class 
having two ozonide groups; on reduction, the ozonide 
gives an aldehyde "core" with one aldehyde group. 
Evidence that the above reactions are essentially 
quantitative under the conditions described in the 
method is presented in another paper from our labo- 
ratory (35). 

TLC is carried out on both the ozonides and the 
aldehyde "cores."  The ozonides are separated on 
the basis of the number of ozonide group/molecule, 
the aldehyde "cores"  are separated on the basis of the 
number of aldehyde groups/molecule. 

Experimental 
M a t e r i a l s  

Lead-poisoned paUadium catalyst. This catalyst is 
prepared according to the procedure of Lindlar (27) 
except that the final product is extracted with ace- 
tone and methylene dichloride to remove organic 
matter with which it is usually contaminated. 

Silica Gel G (according to Stahl, Brinkmann Instru- 
ments, Inc., Great Neck, L. I., New York). The or- 
ganic matter is extracted from this adsorbent with 
freshly distilled diethyl ether. 

Solvents. All solvents are routinely dried and dis- 
tilled before use. 

Triglycerides. Triolein and tripalmitin were pre- 
pared by transesterification of pure methyl oleate and 
palmitate with triacetin using sodium methoxide as 
a catalyst (24). The crude product was purified by a 
partition between petroleum ether (B.P. 35-60C) 
and 90% ethanol, fractional crystallization from ace- 
tone and silicic acid column chromatography. The 
latter procedure was used for the purification of 
mono- and diglycerides as well as triglycerides and 
was carried out essentially as used by several investi- 
gators for the fractionation of neutral lipids (21,7,3, 
11,19). In brief, about 2 g of the mixture of g]ycer- 
ides was separated in a 2.5 • 50 cm column of silicic 
acid pretreated according to Horning et al. (21). 
The triglyceride fraction was eluted with 5 % diethyl 
ether in petroleum ether (B.P. 35-60C) ; the diglyc- 
erides were eluted next with 30% diethyl ether in 
petroleum ether and the monoglycerides were eluted 
last with diethyl ether. TLC was used to monitor the 
fractionation (36). 

Glyceryl-2-oleate-l,3-distearate and glyceryl-l-stea- 
rate-2,3-dioleate were prepared by reaction of oleyl 
chloride with 1,3-distearin and 1-monostearin respec- 
tively, according to the procedure described by Hart- 
man (17). The final products were purified by silicic 
acid column chromatography followed by crystalliza- 
tion from acetone. 

Glyccryl-2-1inoleate-l,3-distearate and glyceryl-2-ste- 
arate-l,3-dilinoleate were prepared by similar methods. 
The 1,3-diglycerides used in the above preparations 
were prepared via the trityl derivatives (8) and 
purified by silicie acid column chromatography fol- 
lowed by crystallization from ethanol. The monostea- 
rin was prepared by the Fischer method (10) and 
purified in a similar manner. The properties of the 
final triglyceride preparations are summarized in 

Table  I. 
The mp were determined by a capillary method 

corresponding essentially to the "regular  complete 
method" described by Lntton et ah (28). All prep- 
arations were homogeneous by TLC analysis (36). 

Natural triglycerides. Cocoa butter, olive oil, corn 
oil, and lard triglycerides were obtained free of other 
lipid constituents by silicic acid column chromatog- 
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Analyses of Tr ig lycer ides  
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Triglycer idc  

Glyceryl-2-oleate-1,3 - 
distearate 

Glyceryl-2-1inoleate-l,3 - 
distoarate 

Glyceryl-1 -stearate-2,3 - 
dioleate 

Glyceryl-2 -stcarate-1,3 - 
di l inoleate  

Tr io le in  

T r i p a l m i t i n  

I .V. 
(Wijs) 

27.5 

54.8 

58.2 

119.0 

85.7 

m,p. 
Fo rm I 

43 .9 -44 .3C 
at  . 2 5 C / m i n  

36 .8 -36 .9C 
at .025C/ra in .  

2 3 . 7 - 2 4 . 0 C  
at  .06C/ra in  

9 .0 -9 .6C e 
at  1 C / m i n  

5 .6-6 .0C 
at  .5C/ ra in  

66 .9-67 .4C 
at . 6C /min  

60C 
nD 

1.4490 

1.4524 

1.4515 

1.4595 

1.4675 a 

1.4380 b 

a At  25C. 
b A t  80C. 
e F o r m  I I  or F o r m  I I I .  

raphy. The I.V. and fatty acid composition of these 
triglycerides are reported in  Table II. 

Fat ty  acid analyses were performed on methyl 
esters by gas-liquid chromatography (GLC) using an 
F & M Model 609 Hydrogen Flame instrument with 
an 8' • 1/s" column of ethylene glycol succinate poly- 
ester phase on 100-120 mesh Gaschrom P at 180C. 
The methyl esters for the GLC analyses were pre- 
pared by transmethylation of a few mg (or less) of 
sample by heating it in refluxing 0.5 N anhydrous 
methanolic HC1 for about one hr. After the trans- 
esterification was completed as indicated by TLC an- 
alysis, the methyl esters were extracted into diethyl 
ether, washed with distilled water, and dried in the 
usual manner. 

Lecithins. Egg lecithin was isolated from the lipid 
of fresh egg powder by a combination of dialysis (4) 
and silicic acid chromatography using the general 
technique of Rhodes and Lea (38,39). 

�9 Lecithins were also isolated from crude soybean 
lecithin (Glidden Co., Chicago, Ill.), wheat germ oil 
(Viobiu Corp., Monticello, Ill.) and fresh beef spinal 
cord lipid (Geo. A. Hormel & Co., Austin, Minn.). 
Crude lecithins were obtained from these lipids by 
acetone precipitation and then purified by silicic and 
chromatography by the same procedure used for the 
isolation of egg lecithin as follows: About 2 g of 
crude lecithin was placed on the top of the column 
(2.5 • 50 cm) of silicic acid and eluted with various 
ratios of chloroform-methanol starting with chloro- 
form. Traces of neutral lipid, in particular, were re- 
moved by elution with chloroform. Then the bulk of 
the cephalin was eluted with an 8:2 (v/v) ratio of 
chloroform-methanol. When, toward the end of the 
elution of the cephalin, a small amount of lecithin 
started to emerge from the column, the ratio of chlo- 
roform to methanol was changed to 7:3 (v/v). The 
remainder of the cephalin (containing some lecithin) 
was eluted almost immediately, and then the leci- 
thin fraction was collected. The entire procedure 
was monitored by TLC. The final products were 
homogeneous by TLC and, as far  as could be deter- 
mined, contained no impurities. Table I I I  shows the 
fat ty acid composition and N/P  ratios of the final 
products. The lecithin isolated from beef spinal cord 
was not analyzed. 

T A B L E  I I  

Fatty Acid Composi t ion of N a t u r a l  Tr ig lycer ides  

Source 

Lard 
Cocoa bu t t e r  
Olive oil 
Corn oil 

I.V. C16 C~6 
satu- mono- 

( W i j s )  r a ted  ene 

58.3 26.O 2.5 
39.7 24.6 
88.3 9.4 0.95 

132.7 12.9 

Chs C~s C ~  
satu- mono~ diene 

rated ene 

15.4 44.7 11.4 
32.6 40.8 2.0 

2.2 77.5 9.9 
27.3 59.8 
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TABLE I I I  
Analyses of Lecithins 

Source - Palmitic II 
Egg a ............................................................. [ 37.0 [ 
Wheat  germ ................................................. I 18.7 [ 
Soybean ........................................................ I 12.5 [ 

Fatty Acid Composition 

Pahnitoleic Stearic Oleic Linoleic I Linolenic I % N % P N /P  

0:.6. 12.4 31.4 12.0 I 1.0 I 1.63 1 " 7 ~ I  ~ "  1'01 
13.1 63,6 3.64 1.00 

: ..... "~:~ 12 .3  64 .o  ~:~ 1 .71  3 .66  1 .o3  
a Arachidonic 2.7% ; Eicosapentaenoic 0.8% ; Docosahexaenoate 2 .1% 

Structural Analysis of Triglycerides 
A sample  of 2-5 mg is ozonized in N-pentane ac- 

cording to the procedure described by  Pr ive t t  and 
Nickell for  the determinat ion of double bond struc- 
ture  (35). 

The ozonides are separated into classes based on the 
number  of ozonide groups in the molecule by  thin- 
layer  chromatography  (TLC)  on Silica Gel G with 
various ratios of diethyl  ether and pet roleum ether 
(B.P. 35-60C).  The rat io  of these solvents depends 
on the range of the ozonide classes to be separated.  
F o r  example, classes of ozonides containing zero to 
4 ozonide group.s are separated with 15% of diethyl 
ether in pet roleum ether as shown in F igu re  1. 

The TLC of the ozonides of corn oil (Fig.  2) dem- 
onstrates the separat ion of tr iglycerides containing 
up to six ozonide groups. This separat ion was effected 
with 20% diethyl  ether in pet roleum ether (B.P. 35- 
60C.). The results in F igures  1 and  2 demonstrate  
tha t  t r iglyceride ozonides differing by  only one ozo- 
a ide  group  can be separated by  TLC. 

Quantitative TLC. A p p r o x  50 ~g of mixed ozo- 
nides is chromatographed on a 5 • 20 cm plate. The 
spots are made visible by charr ing them by  heating 
the plate in an oven at  180C for 25 rain af ter  spray-  
ing i t  with chromic-sulfuric acid (29). This reagent  
is p repared  by  sa tura t ing  80% aqueous H2SO+ with 
K2CR207. The spots arc measured by  densi tomctry 
using a densitometer (Photovolt  Covp, New York, 
N.Y.) equipped with a specially designed stage for  
holding thin-layer plates. No filter is used in the 
densitometer,  and measurements  are made with a 1 
m m  • 1 m m  slit. F igure  3 shows a typical  densi- 
tometer  curve of the analysis of a s tandard  mixture  
of t r iglyceride ozonides. 

The amount  of each component is represented by 
the product  of the max density (peak height) and the 
diameter  of the spot (base of the peak) .  These values 
arc corrected for  the relat ive amount  of carbon lost 
th rough degradat ion of the ozonide group dur ing the 
charr ing  process. Since ozonides are immediately 
decomposed by  s t rong acids and heat, only the resid- 
ual sa tura ted  carbon skeleton of the tr iglycerides is 
charred;  the low tool wt f ragments  cleaved f rom each 
unsa tura ted  f a t t y  acid moiety evaporate  f rom the 
plate. The correction for the amount  of carbon lost 
dur ing  charr ing  by  fission of the ozonides is made 
on the basis of the analysis of the aldehyde " c o r e s "  
described below which determines the number  of 

M-MIXT .  A - F  
A -  $3 
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FIG. 1. TLC separation of standard mixtures of triglyceride 
ozonides (15% diethyl ether in petroleum ether B.P. 35-60'C). 
S -- stearate, O = oleatc,, L = linoleate. 

unsa tura ted  f a t t y  acids in each tr iglyceride ozonide 
c l a s s .  Fo r  example, the correction for  an ozonide 
class containing two monomeric ozonide acids such 
as tha t  given by  a tr iglyceride containing two oleic 
acids and  one sa tura ted  acid would be on the basis 
of a loss of 18 carbon atoms. The number  of carbon 
atoms contr ibuted by  the sa tura ted  f a t t y  acids is de- 
termined by  a GLC analysis of the aldehyde "cores" 
as described below. The results  of the analysis of a 
s tandard  mix tu re  of tr iglycerides (Table IV)  shows 
tha t  the values calculated in this manner  agree closely 
with the known composition. 

Af t e r  the analyt ical  separat ion of the ozonide 
classes is carr ied out, another  sample is chromato: 
graphed for  the isolation of the individual classes 
of ozonides for  fu r the r  analysis. About  10 spots of 
about  100 ~g each are placed on a 20 • 20 cm plate 
and developed under  the same conditions used for  
quant i ta t ive analysis. The positions of the spots are 
located by  spray ing  the plate with 0.1% alcoholic 
2,7 dichlorofluorescein and viewing it  under  ul tra-  
violet l ight (29). Each row of spots is then scraped 
off the plate in a band of adsorbent  and recovered 
by  extraction with  methylene chloride, the solvent in 
which the subsequent reductive fission is performed.  

Each of the recovered ozonide classes is fissioned 
by  catalytic reduction as previously described (34) 
using the L ind la r  catalyst. 

About  50 ~g of the mixture  of aldehyde " c o r e s "  
f rom each ozonide class is chromatographed on a 
5 • 20' cm. chromatoplate  for  quant i ta t ive analysis. 
The spots are charred and analyzed by densi tometry 
as described above. F r o m  this analysis, the types of 
tr iglyeerides in each ozonide class are determined in 
te rms of the number  of their  consti tuent sa turated 
and unsa tura ted  (aldehyde) f a t t y  acids. Fo r  exam- 
ple, the ozonide class containing 2 ozonide groups 
is analyzed for  its content of $102 and SeLl where 
O is oleate and  L is linoleate. 

Samples of each aldehyde " c o r e "  are also sepa- 
rated by prepara t ive  TLC for  a GLC analysis. About  
ten 50 /~g spots of the sample are chromatographed 
on a 20 • 20 cm plate under  the same conditions 
used f o r  quant i ta t ive  analysis. The plate is sprayed 
with 2,7 dichlorofluoresceiu and viewed under  ul tra-  

ZERO-DB. S S S -  | -TR IPALMIT IN  

I - D B  S S O -  O STD. 

2 -DB  S O 0  § S S L -  I 

3 - D B  0 0 0  + S O L -  O 

4 - D B  Q O L  + S L L -  0 

5 -  DB OLL - Q 
6-  DB L L L -  6 

03 RESIDUE- I 

FIG. 2. T L C  s e p a r a t i o n  of  c o r n  o i l  ozon ides  ( 2 0 %  d i e t h y l  
ether in petroleum ether B.P. 35-60C). S : Saturated fatty 
acids (pa]mitic acid), O : olcic acid, L = linoleic acid. 
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TABLE I V  

Analyses of S t anda rd  Mixtures Triglycerlde 0zonides 

P R I V E T T  AND B L A N K :  T R I G L Y C E R I D E S  AND L . E C I T I t I N S  

Triglyc- Ozonide K n o w n  No. 1 No. 2 No. 3 Avg 
erido class 

Pa 0 9.5 7.4 6.8 7.3 7.2 

S201 1 15.2 16.3 15.0 16.0 15.7 
$102 

2 41.5 41.6 43.0 42.8 42.5 
S2L~ J 
0 8  3 3 3 . 8  3 4 . 7  3 5 . 2  3 3 , 9  3 4 . 6  

violet light to locate the position of the spots (bands) .  
Each row of spots is then scraped f rom the plate in a 
band of adsorbent and recovered by  extraction with 
f reshly  distilled diethyl ether. The recovered samples 
are t ransmethyla ted  as pre~iously described and the 
sa tura ted  f a t t y  acid composition determined by  GLC. 

The final t r iglyceride composition is calculated on 
the basis of the analysis of the ozonide classes, the 
tr iglyceride types of each ozouide class ( f rom the 
analysis of the aldehyde "cores") ,  and the sa tura ted  
f a t t y  acid composition of the " c o r e s "  of each tri-  
glyceride type. The analysis of several na tura l  tri- 
glycerides are summarized in Table V. 

Structural Analysis of Lecithins. Lecithins are 
analyzed by  essentially the same method as triglyc- 
erides, tha t  is, by  reductive ozonolysis followed by 
analysis of the aldehyde " c o r e s "  by TLC. At  pres- 
ent, the fract ionat ion of the lecithin ozonides pr ior  
to catalytic reduction has not been investigated. This 
step. is not as impor tan t  in the analysis of lecithins 
as in the analysis of tr iglycerides because t h e "  cores"  
of all four  lecithin types can be separated by  TLC. 

The TLC of the lecithin aldehyde " c o r e s "  is car- 
ried out by  the reversed phase system of Malins and  
Mangold (33) using Silicone (Dow Coming  20'0 fluid 
viscosity 10 cs) as the s ta t ionary  phase and 85:15 
(v /v )  acetic ac id :wate r  as the mobile phase. The 
separated "cores" are analyzed by  densi tometry af ter  
being charred as described above. The silicone used 
as the s ta t ionary  phase does not interfere  with the 
charr ing  process. The densi tometry  of the four  natu- 
ra l  lecithins described abo~e is shown in F igure  4. 

Identification of the peaks (spots on the ehromato- 
plate)  in F igure  4 was made on the following basis. 
Peak  I (with the lowest Rf value) was due to the 
fu l ly  sa tura ted  type. This was confirmed by the an- 
alysis of a sample of ful ly  hydrogenated  lecithin. 
I n f r a r e d  analysis, as well as TLC, showed tha t  the 
hydrogenated lecithin was not al tered by the reduc- 
t i r e  oeonolysis process. Peak  I I  was a t t r ibuted to. the 
" c o r e "  of the a-saturated-B-unsaturated type  on the 
basis of the analysis of egg lecithin which has been 
shown to consist p r imar i ly  of this type  (16,17). Peak  
I I I  was a t t r ibuted to the " c o r e "  f rom the a-unsatu- 
rated-B-saturated type. This was deduced f rom the 
following considerations. Analysis  of the " c o r e s "  
represent ing Peaks  I I  and I I I  by  GLC (af ter  t rans-  
methylat ion of the " c o r e s " )  showed that  they con- 
tained sa tura ted  as well as unsa tura ted  f a t t y  acids. 
Since wheat  germ lecithin gave two well-defined peaks 
represent ing these types, it was evident f rom ~ts f a t ty  
acid composition tha t  they were not due to a differ- 
ence in unsa tura ted  f a t t y  acid composition, and they 
were obviously not due to a difference ilt sa tura ted  
f a t t y  acids because these consisted ent irely of pal- 
mitic acid. Thus,  it was concluded tha t  peak I I  rep- 
resented the a-saturated-B-unsaturated type and peak 
I I I  the a-unsaturated-B-saturated type.  

An explanation for  the difference in the po la r i ty  of 
the " c o r e s "  of these two types was given by  infra-  
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F I o .  3. D e n s i t o m e t e r  c u r v e  o f  a m i x t u r e  o f  t r i g l y e e r i d e  ozo- 
n l d e s .  A = o z o n i d e  r e s i d u e s ,  B = o z o n i d e  o f  g l y e e r y l - l - s t e a r a t e -  
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1 - s t e a r a t e - 2 , 3 - d i o l e a t e ,  E = o z o n i d e  o f  2 - o l e a t e - l , 3 - d i s t e a r a t e .  

red analysis (Fig.  5) which showed that  the P = O  
band in the " c o r e "  giving peak I I  was shifted f rom 
7.9 ~ to a lower wavelength over lapping the P - O - C  
band at  about 8.5 ~. Such a shif t  is due to a decrease 
in the electronegativi ty of the subst i tuent  groups at- 
tached to the P = O  group (2) and explains the lower 
polar i ty  of the "core"  represented by  this peak ( I I ) .  
The s t ructures  of the "cores"  of these types may  be 
represented as follows: 

P e a k  I I  C o r e  

O 
II 

O - - C - - S  

O H 
11 / 

o - c - (era)o - c 
\ \  

0 

H 
0 0 
I' I 

- - o - P - O -  ( e m ) 2 - N  (c~[~)~ 
I 

O H  

P e a k  I I I  Co re  

O O 
IE / /  

O - C - (CII~)n - C 
\ 

O t t  
II 

O - - C ' - - S  

0 
t' 

o - P - o • (cm)~ - N (cm)~ 
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S represents saturated fatty acids. 

F u r t h e r  evidence for  the above s t ruc ture  for the 
"core"  represent ing peak I I  is: the s imilar i ty  of the 
region of the spec t rum f rom 8.0 to 9.0 ~ (Fig. 5) to 
tha t  of phosphat idylser ine (18) which also has a free 
P - O I I  group. A b road  band at about  4.0 ~ in the 
spec t rum of the " c o r e "  represented by  peak I I  
(Fig.  4) also indicated the presence o f  a P - O H  
group as well as an associated aldehyde group  in this 
compound. 
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T A B L E  V 

Analyses of Triglycerides 
(wt %) 

Sa S~Oz 8102 

Corn  oil 0 1 .0  3 .4  
L a r d  7.0 2 3 . 6  19 .4  
Cocoa b u t t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .0  74 .7  17 .0  
Olive oil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T r a c e  12.1  

SsIn  Oa S O L  SLu OL~ OsL 

2 .7  2 .2  14.9 15 .5  26 .6  13 .5  
11 .9  14 .6  23 .5  

0.3 
4 .6  4,4.9 21 .4  T r a c e  17 .2  

L3 

20.3  

S ---- sa tu ra ted  fa t ty  acids, O ---- oleiq, L = linoleic. 

Since peak IV (Fig. 4) represented the most polar 
"co re , "  it was derived from the fully unsaturated 
lecithin. This was confirmed by analysis of the con- 
stituent acids (as esters) by GLC which showed that 
it contained only fragments from unsaturated fat ty 
acids. 

The quantitative analysis of the lecithin types was 
made from the densitometer curves (Fig. 4) and is 
reported in Table VI. 

These analyses were calculated on the basis of the 
average chain length for the constituent saturated 
fat ty  acids and that a 9 carbon atom half-ester-half- 
aldehyde residue remained in the " c o r e "  for each 
unsaturated fat ty acid on reductive ozonolysis. 

Discussion 
Since the methods described here are relatively fast 

and can be carried out on a semimicro scale, they 
should have many applications in the analysis of tri- 
glycerides and lecithins, not heretofore practicable. 
The analysis of the natural triglycerides demon- 
strated the degree to which a triglyceride analysis 
can be performed at the present stage of the develop- 
meut of the method. 

The pattern of the analysis of triglycerides is illus- 
trated in Table VII. For  example, a triglyceride con- 
taining three ozonide groups which yields one alde- 
hyde would contain two saturated fat ty acids and a 
trienoic acid. The saturated fat ty acids can be de- 
termined by GLC analysis of the aldehyde "co re . "  
The identity of the unsaturated fat ty acids can be 
deduced from the fa t ty  acid composition of the origi- 
nal fat in most cases. 

The method does not permit an analysis of the iso- 
meric triglycerides or the multiple types which give 
5 and 6 ozonide groups with the same classes of alde- 
hyde "co res"  (Table VII) .  However, some informa- 
tion may be obtained on the identity of the unsatu- 

12: 

Z /X  
<( o 
m 
n- 12- 

o 
b9 

.8"  
< 

. 4  ~ 

4 

> CM TRAVEL 

D 

4 8 0 8 

FIG. 4. D e n s i t o m e t e r  c u r v e s  o f  f o u r  n a t u r a l  l e c i t h i n  ' c c o r e s ' '  
( r e v e r s e d - p h a s e  s y s t e m ,  s t a t i o n a r y  p h a s e  ---- s i l i cone ,  m o b i l e  
p h a s e  8 5 : 1 5  v / v  a c e t i c  a c i d - w a t e r ) .  A - - e g g ,  B - - b e e f  s p i n a l  
c o r d ,  C = s o y b e a n ,  D ---- w h e a t  g e r m .  I = a - B - s a t u r a t e d ,  I I  = a-  
s a t u r a t e d - B - u n s a t u r a t e d ,  I I I  = a - u n s a t u r a t e d - B - s a t u r a t e d ,  I V  --  
a - B - u n s a t u r a t e d .  

rated fat ty  acids of these classes of ozonides by col- 
lection and analysis of the simple aldehydes cleaved 
on catalytic reduction of the ozonides by GLC as de- 
scribed by Privett and Nickell (35). I t  would appear 
that a long stride forward could be made in distin- 
guishing isomers and members of other triglycerides 
separated only in groups by application of solid state 
infrared spectroscopy as applied by Chapman et al. 
(5) and/or  by lipase hydrolysis techniques (1,31,32) 
in conjunction with the present method. 

Another technique in the analysis of the tri- 
glyceride which is in the course of development, is 
the fission of the separated ozonides directly on the 
chromatoplate, followed by chromatography of the 
" c o r e "  in the second dimension. Such a technique 
would permit the analysis to be carried out on a 
micro scale as well as simplifying and shortening 
the procedure. 

Since the method does not lend itself to the use of 
standard curves of pure reference compounds the 
charring conditions for quantitative analysis of spots 
by densitometry is very critical. If charring is car- 
ried out on a hot plate (over 200C) after spraying 
the plate with 50% aqueous H2S04, as commonly 
practiced, an appreciable amount of evaporation oc- 
curs prior to complete oxidation which results in 
variable amounts of char (yield of carbon) from 
compound to compound. The yield of carbon on the 
charring of glycerides under these conditions is the 
resultant of two opposing processes--the ease of oxi- 
dation vs. the rate of evaporation of the compound. 
The difference in the yield of carbon (intensity of 
spots) on the charring of equal amounts of triolein 
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F i e .  5. I n f r a r e d  s p e c t r a  o f :  A= a - s a t u r a t e d - f l - u n s a t u r a t e d  
l e c i t h i n  ' ' c o r e ,  ' ' B ---- a - u n s a t u r a t e d - B - s a t u r a t e d  l e c i t h i n  ' ' co re ,  ' ' 
C = o r i g i n a l  e g g  l e c i t h i n .  
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TABLE Vl 

Structural  Analysis of Lecithins 
(Wt %) 

(S = saturated f.a. ; U = unsaturated f.a.) 

I I I  I I I  I V  
Peak, Fig B type ................ a - ~ - S S  a - S - f l - U  a - U - ~ - S  a - ~ - U U  

Source 
Egg  4.5 87.6 4.9 3.0 
Soybean .......................... none 20.3 24.7 55.0 
Wheat  germ ................... none 11.4 28.8 59.8 
Beef spinal cord ............. 22.1 33.1 28.9 15.9 

and t r ip  almitin (36) is a good example of the influ- 
ence of these factors. The difference between the 
yield of carbon on charr ing spots of mono-, di-, and 
triglycerides under  these conditions (36) may also 
be explained on this basis. By  carrying out the char- 
r ing process below 200C and with chromic-sulfuric 
acid (29) which is a much stronger oxidizing agent 
than 50% aqueous H2S04, differences in the amount  
of evaporation between glycerides is insignificant. 

The use of the charring conditions described herein 
does not eliminate entirely the effect of Rf on the 
area of spots determined densitometrically with a slit 
just  wider than the diameter of the largest spot as 
previously described (36). However, the er ror  due to 
differences in Rf is eliminated through the use of 
t~he small slit as described here because the value ob- 
tained is a funct ion of the product  of the size of the 
spot and its max density and is independent  of 
the Rf value. Such a technique, of course, could not 
be used if the spots assumed radically different 
shapes. The tacit assumption is that  in addition to 
all spots having the same general shape, the change 
in diameter in one direction is proportional  to that  
in the other direction with the increase in the size 
of the spot at the higher Rf values. 

In  the course of this s tudy many samples of leci- 
thins were analyzed.  The s t ructural  analysis of 
lecithins, previously reported (29), showed that  prep- 
arations from soybean and wheat germ contained 
small amounts of saturated types. In  the present  
s tudy the lecithins f rom these sources were not iso- 
lated in such a way as to preclude fractionation. The 

TABLE V I I  

Separation Pat tern  of 0zonides and Aldehyde "Cores" 

Glyceride types (aldehyde cores) 

Ozonide 
class 

0 

~3 

3S 

AISs AsSI 

Tri 

D 2 ~  

D 

.4- 
Tri : D 

Tet~ D 
P 4-: 4- 

: Tri 

: i~ 
Tri~ D : 

H :4-:4- 
4- : Tot: P 
Tri: : 

Tet 

3~f  

4- 
D 

MID 
4-:4- 
~ : D  
4-:4- 

Tri : ~I 

4 - : + : +  
D : D : M  
+:4 - :  + 

Tri :  D Tot 

~/s ---- ~[onoenoic acid(s)  ; D = Dienoic acid(s)  ; Tri  = Trienoic acid(s)  ; 
Tot = Tetraenoic acid (e) ; P = Pentaenoic acid (s) ; H = Hexaenoic  
acid(s)  ; $1 = one saturated acid; A1 = one aldehyda residue in triglyc- 
eride. 

main objective in the present s tudy was to obtain 
products  free of impurities. Therefore, the analysis 
of the lecithin preparat ions reported here do not rep- 
resent the total lecithins f rom these sources except 
perhaps in the case of egg lecithin where the initial 
isolation is carried out by  dialysis. 

Although egg lecithin consists mostly of one type, 
the a-saturated-fl-unsaturated type, the detection of 
small amounts of diunsaturated and disaturated types 
is unequivocal and indicates the method described 
here for  the analysis of lecithin types is more sensi- 
tive than enzyme methods. 
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