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Abstract 
Polyglycerols and their fa t ty  acid esters have 

been analyzed by gas-liquid chromatography 
(GLC) as tr imethylsilyl  ether derivatives. Lin- 
ear diglyccrols and triglycerols were isolated 
from commercial polyglycerols by vacuum distil- 
lation. Mono- and di-fat ty acid esters were syn- 
thesized in the laboratory. Two isomers of di- 
glycerol have been separated and identified. 
GLC analysis was carried out on columns packed 
with 3% J X R  on Gas Chrom Q. Response fac- 
tors for diglycerol and triglycerol relative to 
glycerol have been established. Commercial poly- 
glycerol esters are shown to be mixtures of glyc- 
erol, free f a t ty  acids, mono- and diglyeerides, 
and mono- fa t ty  acid esters of diglycerol and 
triglycerol. Separation of free polyglycerols and 
their  esters is also demonstrated by thin-layer 
chromatography on Silica Gel-G containing 4.0% 
boric acid. 

Introduction 

p OLYGLYCEROLS ARE PREPARED by acid or base- 
catalyzed condensation of glycerol. Linear  and 

cyclic polyglycerols containing two and more glyc- 
erol units are described by several workers (1-13).  
I t  has been demonstrated that  polyglycerols readily 
form esters with f a t ty  acids (2). These esters, be- 
cause of their  lipophilic and hydrophilic properties, 
are used as emulsifiers in foods. However little in- 
formation is available on the methods of analysis for 
these cmnpounds. Commercial polyglycerols are mix- 
tures of glycerol, diglyeerol, triglyeerol, and higher 
polyg]ycerols. Zajic (13) described a paper  chroma- 
tographic procedure for the separation of polyglyc- 
erols. Siegel, Bullock, and Carter (6) described a 
procedure for the separation, identification, and quan- 
ti tative estimation of a,a'-and a,fl-diglycerol by paper 
chromatography. Troy and Alsop (9) developed a 
periodic acid oxidation method for the quantitat ive 
estimation of glycerol and diglycerol in commercial 
"diglyeerol." A considerable portion of this product  
consisted of higher polyglycerols which were not 
identified. 

Application of thin-layer (TLC) and gas chroma- 
tographic (GLC) techniques to the separation, iden- 
tification, and quantitat ive estimation of polyglyc- 
erols and their fa t ty  acid esters is described in this 
paper. Polyglycerols and their esters are analyzed 
by GLC as tr imethylsilyl  ethers (TMS).  

TMS derivatives have been successfully used for 
the separation of phenols (14,15), carbohydrates 
(16), and sterols (17-19). The ease of preparat ion 
and the volatility of these derivatives provide the 
most suitable criteria for gas chromatographic ap- 
plications. Recently Wood and associates (20) dem- 
onstrated the resolution of a- and fl-isomers of mono- 
glycerides as TMS ethers. Studies carried out in 
these laboratories have shown that  TMS derivatives 
can also be used for the quantitative estimation of 
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diglycerides as well as mixtures of mono- and di- 
glycerides (21). 

Experimental Procedure 
Materials 

Samples of polyglycerol were obtained commer- 
cially and fraetionated by vacuum distillation on an 
Ar thu r  Smith (ASCO) Rota-film Molecular Still 
model 50-2. The scheme of distillation of a 100-g 
sample of commercial triglycerol at 0.1 mm Hg is 
shown in Figure  1. The fractions of diglycerol and 
triglycerol obtained were purified fur ther  by prepara- 
tive TLC. The identi ty of the fractions was checked 
by molecular weights (22), hydroxyl  values (23), 
and elemental analysis. Purified fractions of diglyc- 
erol and triglycerol were esterified with pahnitic, 
stearic, and oleic acids to yield mono- and di-fat ty 
acid esters. The procedure described by Har tman  
(24) for the synthesis of mono- and diglycerides was 
used with slight modifications. 

Preparation of TMS Derivatives 

A 30- to 50-mg sample was dissolved in 0.5 ml of 
pyridine in a 5-ml conical centrifuge tube and 
treated with 0.2 ml of hexamethyldisilazane and 0.1 
ml of trimethylehlorosilane. The reaction mixture 
was shaken for 15 to 30 sec and allowed to settle for 
5 rain. About 0.2 ~l was injected directly into the 
chromatograph. 

Gas-Liquid Chromatography 

Gas chromatographic analysis was carried out on 
a Perkin-Elmer Model 800 gas chromatograph, 
equipped with a dual flame ionization detector and 
with dual 3-ft, 1/s-in. stainless steel columns packed 
with 3% J X R  on Gas Chrom Q. Column tempera- 
ture was programmed from 120 to 325C at 10C per 
rain. Helium flow was regulated at 33 ml/min at 
ambient temperature.  

Thin-Layer Chromatography 

TLC was carried out on 250/, layers of Silica Gel 
G containing 4.0% boric acid, coated on 8 • 8-in. 
glass plates and developed with benzene-methanol 
8:3. Spray  reagent was dibromo(R)fluoreseein. The 
plates were viewed under  UV light. Preparat ive  TLC 
was carried out on 500~ layers, and the desired areas 
were scraped off and eluted with ethyl alcohol and 
ethyl ether (1:1).  

Results and Discussion 
Twenty years ago Isitin (3) fractionated polyglyc- 

erols by fractional vacuum distillation. Other re- 
searchers converted polyglycerols to more volatile 
derivatives, such as acetates (4,12), allyl ethers, and 
ketals (10). In the present study, direct distillation 
was at tempted in order to obtain pure fractions of 
diglycerol, triglyeerol, and hexaglycerol. By step- 
wise distillation of a commercial sample of mixed 
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Fro. 1. Schematic diagram of distillation of 100 g of com- 
mercial polyglycero] (triglycerol) on ASCO Rota-film Mo- 
lecular Still Model 50-2. D = distillate ; t~ = residue. Figures 
in parentheses are weights of fractions in g. 

polyglycerols, samples of diglycerol and triglycerol 
of 94-98% pur i ty  were obtained (Fig. 1). Diglycerol 
distilled from 170 to 210C while triglycerol distilled 
from 210 to 250C. Residual fraction R-B1 was viscous 
and difficult to distill under  the conditions of the 
study, and only small quantities of hexaglycerol 
were obtained when distilled at 260C. 

Figure  2 shows the gas chromatographic pat tern  
of TMS derivatives of a control mixture of glycerol, 
diglycerol, triglycerol, and higher polyglycerols 
(Fract ion R-B1, Fig. 1). All polyglycerols give 
split-peaks. F igure  3 shows some possible isomers of 
diglyceroh Summerbell and his associates (7,8) as- 
signed definite structures to some of the polyglyeerol 
derivatives. They demonstrated that  diglycerol ob- 
tained by the acid-catalyzed condensation is trans- 
2,5-bis- (hydroxymethyl)  -p-dioxane. Base -ca t a lyzed  
condensation yields predominant ly  linear potyglyc- 
erols, such as a,#-diglycerol (3,3' oxipropanediol) 
and a,fl-diglycerol (2,3' oxipropanediol).  Other 
metameric configurations are also possible such as 
cis-2,5-, cis-2,6-, and trans-2,6-bis(hydroxymethyl )-p- 
dioxane. Samples of ~'~- and a,fl'-diglycerol sepa- 
rated by paper  chromatography were obtained from 
Siegel (6). GLC of the TMS ethers of these com- 
pounds individually and in mixtures showed that  
a,fl-diglycerol is eluted before the a,a'-isomer and ap- 
pears as a shoulder on peak No. 3, F igure  2. Similar 
confirmation of the isomers of triglycerol has not 
been possible because of the lack of pure standards. 

Figure  4 shows the resolution of polyglycerols by 
TLC. Samples of polyglycerols, separated by distil- 
lation (Fig. 1), were spotted on TLC plates. Spot 2 

s 
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Fig, 2. TMS derivatives, polyglycerols: 1, glycerol; 2, cyclic 
diglyeerol ; 3, diglycerol; 4, unidentified; 5, triglycerol; 6-10 
higher polyglycerols. 
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is cyclic diglycerol, a fraction that  distilled with glyc- 
erol at 125C. This compound is less polar than glyc- 
erol (Spot 1) and is assumed to be a cyclic diglycerol 
on the basis of its molecular weight and elemental 
analysis. Spots 5, 6, and 7 are commercial polyglyc- 
crol compositions which show the presence of glycerol, 
diglycerol, triglycerol, and hcxaglycerol. 

Figure  5 shows the separation of polyglycerols and 
their fa t ty  acid esters by TLC and identification by 
GLC as TMS ethers. The sample was analyzed by 
preparat ive TLC. Fractions 1, 2, and 3 are essen- 
tially linear polyglycerols; 4 and 5 are assumed to 
be cyclic polyglycerols; and 6, 7, and 8 were iden- 
tified as mono-fatty acid esters of triglycerol, diglyc- 
erol, and glycerol respectively. 
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FIG. 4. TLC polyglycerols: silica gel G -  0.4% boric acid; 
benzene + methanol (8:3) ; 1, glycerol ; 2, cyclic diglycerol; 
3, diglycerol; 4, triglycerol; 5, 6, and 7, commercial poly- 
glycerols. 
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FIG. 5. D i a g r a m m a t i c  r e p r e s e n t a t i o n  of  s e p a r a t i o n  of  poly-  
g ] y c e r o l s  a n d  p o l y g l y c e r o ]  e s t e r s  by  T L C  a n d  t h e i r  i den t i f i ca -  
t i o n  b y  G L C :  T L C  f r a c t i o n s  1, 2, a n d  3, p o l y g l y c e r o l s ;  4 a n d  
5, cyc l ic  p o l y g l y c e r o l s ;  6, t r i g l y c e r o l  m o n o s t e a r a t e ;  7, d ig lyc -  
e ro l  m o ~ o s t e a r a t e ;  8, g l y c e r o l  m o n o s t e a r a t e .  

Figure  6 shows the GLC separation of polyglycerol 
esters as TMS ethers. Known mono- and di-fat ty acid 
esters of glycerol, diglycerol, and triglycerol were 
used in this mixture. 

Figure  7 shows the GLC pat tern  which was ob- 
tained with a commercial sample of polyglycerol 
esters as TMS derivatives. The identified peaks in- 
clude free fa t ty  acids, free glycerol, mono- and di- 
glycerides, di-, tri-, and hexaglyeerols, also mono- 
fa t ty  acid esters of di- and triglycerol. Because of 
differences in the number of hydroxyl  groups and 
consequently the number of TI~[S groups, the re- 
sponses of the various polyglycerols to the hydrogen 
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FIG. 6. GLC of TMS derivatives: a-monoglycerides 1, my- 
r is tate-(M) ; 2, pa]mitate ( s  ; 3, oleate (O) ; 4, stearate (S) 
d i g l y c e r o l  m o n o - f a t t y  a c i d  e s t e r s - - 5 ,  P ;  6, O ;  7, S t r i g l y c e r o l  
m o n o - f a t t y  a c i d  e s t e r s  8, P ;  9, 0 ;  10, S a , a ' d i g l y c e r i d e s - - 1 1 ,  
P P ;  12, P S ;  13, 0 0 ;  14, SS d i g l y c e r o l  d i - f a t t y  ac id  e s t e r s - -  
15, P P ;  16, O 0 ;  17, SS t r i g l y c e r o l  a l l - f a t t y  a c i d  e s t e r s - - 1 8 ,  
O 0 ;  19, SS. 
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FzG. 7. T M S  d e r i v a t i v e s  of  a c o m m e r c i a l  s a m p l e  of  a po ly-  
g l y c e r o l  c o m p o s i t i o n :  1, g l y c e r o l ;  2, cyc l i c  d i g l y c e r o l ;  3, l i n e a r  
d ] g ] y c e r o l s ;  4, p a h n i t i c  ac id  ; 5, u n i d e n t i f i e d ;  6, s t e a r i c  a c i d ;  
7, t r i g l y c e r o l ;  8 a n d  9, g l y c e r o l  m o n o p a l m i t a t e ;  10, h e x a g ] y c -  
e r o l ;  11, g l y c e r o l  m o n o s t e a r a t e ;  12, u n i d e n t i f i e d ;  13 a n d  14, 
d i g l y c e r o l  m o n o - f a t t y  a c i d  e s t e r s ;  15 -18 ,  t r i g l y e e r o l  m o n o - f a t t y  
a c i d  e s t e r s ;  19-21 ,  d i g l y c e r i d e s ;  22, d i g ] y c e r o l  m o n o - f a t t y  a c i d  
es te r .  

flame are different. Response factors relative to glyc- 
erol calculated as weight-to-peak-area ratios for  
diglycerol and triglycerol were 1.48 and 2.88 
respectively. 

Regulatory agencies, such as the Food and Drug 
Adnlinistration in the United States and the Food 
and Drug Directorate in Canada, require precise 
micro quantitat ive methods for the analysis of sev- 
eral food additives when used in mixtures. To an- 
alyze such a complex mixture, a scheme (25) has been 
devised employing column, thin-layer, and gas chro- 
matographic techniques. The sample is fract ionated 
into such lipid classes as triglyeerides, diglyeerides, 
monoglycerdes, and polyglyeerols, also polyglyeerol 
esters (26). Analysis of individual classes is achieved 
by GLC (21). Work on other fa t ty  derivatives which 
are used as food additives is in progress and will be 
reported later. 
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