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Abstract 

A procedure  is described for the separation,  
identification, and quant i ta t ive estimation of 
p ropy lene  glycol mono- and diesters of lauric, 
myristic,  palmitic,  stearic, and oleie acids in 
shortenings and lard containing mono- and di- 
glycerides. Lip id  classes are separated on a silicic 
acid c o h m n ,  and individual  esters are est imated 
by gas chromatography.  Analyses of several con- 
t rol  mixtures  and commercial samples are re- 
ported.  Recoveries for  individual  components  
range f rom 92 to 105%, and total  recoveries 
range f rom 96 to 100%. 

Introduction 

p ROPYLENE GLYCOL (PG; 1,2 propaned io l ) - -mono  
fa t ty  acid esters are used as emulsifiers either 

alone or in combination with mono- and diglycerides 
in several foods, such as shortenings and  cake mixes 
(1-5) .  Methods for  the prepara t ion  of PG mono 
esters have been described by Mart in  and Lu t ton  (6), 
also by B r a dne r  and Birkmeier  (7 ) ;  several com- 
mercial  products  are available. 

In the food indus t ry  the terms propylene  glycol 
mono-stearate (PGMS)  and propylene  glycol stearate 
(PGS)  are appl ied to mixtures  of products  which 
resul t  f rom the esterifieation of PG with edible-grade 
stearic acid. The equil ibrium mixture  consists of free 
f a t t y  acids, monoesters, diesters, and free PG. Edible- 
grade stearic acid invar iably  contains up to 51% 
palmit ic  acid and 2% to 8% of other f a t t y  acids, 
pr incipal  among which is oleic acid. Several  mixed 
esters of f a t t y  acids derived f rom edible fats and oils 
are also available. Li t t le  published informat ion  is 
available on the methods of analysis of such mixtures  
alone or in combination with other emulsifiers, with 
the result  tha t  these compounds are seldom correct ly  
identified. 

In  earl ier  publications f rom this labora tory  (8,9) 
i t  has been shown tha t  mono- and diglycerides can be 
quant i ta t ive ly  separated on silicic acid c o h m n s  and 
analyzed by GLC. This paper  describes the separation,  
identification, and quant i ta t ive  estimation of PG 
esters of lauric,  myrist ic,  palmitic, stearie, and  oleic 
acids along with mono- and diglycerides. 

Several  emulsifier compositions containing PG 
esters and mono- and diglycerides are used in foods. 
In  order  to analyze all the different types of classes 
i t  is necessary tha t  a scheme be developed for  the 
simultaneous analyses of all components. Therefore  
the solvents used for  the column chromatographic  
analysis were the same as used for mono- and di- 
glycerides, laetyla ted glycerides, and polyglycerol  
esters (8).  GLC conditions were also the same as 
repor ted  earlier  for  mono- and diglycerides (9) .  
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Materials and Methods 

The esters were p repared  by three procedures with 
varying ratios of P G  to f a t ty  acid. As examples, 
methods for  stearic acid esters are described. 

Method A. (6) Stearie acid (0.015 mole) in xylene 
(200 ml) was refluxed with PG (0.15 mole) and 
toluenesulphonic acid (0.1 g) for  three hours. The 
reaction mixture  was then poured onto ice with 
stirring. The xylene layer  was separated, washed with 
water three times, and dried over sodium sulphate. 
The filtered xylene solution was then diluted with 
600 ml of n-hexane and stored over-night at -18C.  
Next morning the PGMS crystals  were recovered and 
recrystallized f rom 600 ml of n-hexane (yield 53.0%). 

Method B. (7) Stearic acid (0.0035 m01e) was 
heated with P G  (0.0130 mole) and NaOH (20 rag) 
in an oil bath a t  140-160C for  three hours. Nitrogen 
was bubbled th rough  the mixture  during the entire 
reaction period. The mixture  was then dissolved in 
pentane-ethyl e ther  (1 :1) ,  washed with water till 
free of NaOH, and dried over sodium sulphate. The 
solvent was evaporated in a ro ta ry  evaporator  at 
40C (yield 51.6%).  

Method C (10) The PG (0.1 mole) in dimethyl- 
formamide (40 ml) with d ry  pyr id ine  (2 ml) and 
d ry  chloroform (30 ml) was cooled in an ice bath. 
Stearoyl chloride (24.1 g, 0.08 mole) in chloroform 
(30 ml) was added dropwise with constant stirring, 
and the reaction mixture  was stored over-night at 
room temperature .  Next  morning  the mixture  was 
dissolved in 200 ml of ether and successively washed 
with water, 0.5M HC1, and water. The solvent was 
removed on a flash evaporator ,  and the esters were 
crystallized from n-hexane (yield 53.2%).  

The f a t ty  acid esters of lauric, myristic,  palmitic, 
and oleie acid were p repared  by  Methods B and C. 
All fa t ty  acids were of 96-99% pur i ty  as determined 
by GLC. F a t t y  acid chlorides were commercial tech- 
nical grade. 

Several commercial samples of PG esters were also 
used. All samples in control mixtures  were purified by 
preparat ive  TLC on Silica Gel-G (500 ~), impregnated 
with 4% boric acid or 11.7% sodium arsenite. 
Benzene-methanol (8:3) was found to be the most 
suitable solvent system. 

The 1- and 2-isomers of PG mono stearate were 
prepared  as described by Mar t in  and Lu t ton  (6). 
Purified samples obtained f rom Lut ton  were used for 
comparison. Several  mixtures  of vegetable shortening 
and lard with purified P G  esters and mono- and 
diglycerides were prepared.  Mono- and diglycerides 
in the mixtures were p repared  and purified as de- 
scribed earlier (9).  The ident i ty  of each fract ion 
was confirmed by  quant i ta t ive  fa t ty  acid analysis by 
GLC (11). 
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T A B L E  I 
Analyses  of P r o p y l e n e  Glycol S t e a r a t e s  
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Sample  Number s  ,a 

1 2 3 4 5 6 7 8 

P G  diesters : 
P G P P  b 0.3 1.0 9.6 15 .1  4.6 20 .1  1.5 1.3 
I ~  2.0 1.9 13.5 24 .5  16.9  34 .5  4.8 4 .0  
P G S S  2 2 . 8  73,1 22.3 6.9 18 .5  13 .1  21 .2  18 .4  
0 t h e r  e . . . . . . . . . . . . . . . . . .  2.1 ( 3 )  3 .0  ( 4 )  2 .8  ( 3 )  0 .1  (2 )  -~- 

2 4 . 1  76.0 45 .4  4 8 . 6  43 .0  70 .5  2 7 . 6  2 3 . 7  
P G  monoesters  : 

I~  2 .8  + 16.9 27 .8  17 .2  14.3  7.3 6.2 
P G S  73�9 20.5  31.6  19 .5  35 .3  11 .1  62 .9  54.4  
Ot  here ...... -t- ...... 4 .1  ( 4 )  1 . 5 ( 3 )  3 .1  ( 3 )  2 .3  (2 )  2 .0  ( 3 )  

7 9 , 9  20 .5  48 ,5  5 1 . 4  54.0  2 9 . 5  72 .2  62 .6  
Tota l  100 .0  96.5  d 93.9 1 0 0 . 0  97 .0  1 0 0 . 0  1 0 0 . 0  86.3  e 

a Samples  1, 2, and  3 a r e  p r o d u c t s  p r e p a r e d  in the l abora tory  by methods  A, B, and  C as descr ibed in the text .  Samples  4 to 8 a r e  commerc ia l  
products �9  Ail va lues  a r e  p e r c e n t a g e  of total.  

b :F, pa lmi t ic  ac id ;  S, s t ea r i c  ac id .  
c Inc ludes  rnyr is ta tes  and  oleates.  F i g u r e s  in pa ren theses  r ep resen t  n u m b e r s  of peaks�9 
d Difference  f rom 100 in Samples  2, 3, and  5 accounts  for u n r e a c t e d  fa t ty  acids.  
e Sample  8 is a m i x t u r e  of P G  es ters  wi th  mono- and  diglycerides ( 1 0 . 4 % )  a n d  t r ig lyce r ides  ( 3 . 3 % ) .  

Column Chromatography. Samples (1 g) were 
eluted from silicic acid columns as described earlier 
(9). The lipid material was elated successively with 
300 ml each of benzene ( I ) ,  benzene with 10% ethyl 
ether ( I I ) ,  and ethyl ether ( I I I ) .  The lipids frac- 
tionated as follows: Fract ion I, triglycerides and PG 
diesters; Fract ion II ,  diglycerides and PG mono- 
esters; Fract ion I I I ,  monoglycerides. 

Gas-Liquid Chromatography. Trimethylsilyl ether 
(TMS) derivatives were prepared as described earlier 
(9) and analyzed by GLC. A Perkin-Elmer model 
800 gas chromatograph, equipped with dual 1/s-in. 
stainless steel columns packed with 3% J X R  on 
Gasehrom-Q with dual ceramic tip flame ionization 
detectors, was used. Helium flow was regulated at 
37 ml/min at ambient temperature. Columns were 
programmed from 120 to 325C at 10C per minute. 
Percentage distribution was calculated as area under 
each peak by a disc integrator�9 

Results and Discussion 

Separation of lipid classes on silicic acid columns is 
based on the differences in polarity because of free 
hydroxyl groups. Mono fa t ty  acid esters of PG are 
elated with diglycerides whereas diesters of PG, with 
both hydroxyl groups esterified, are elated with tri- 
glycerides. Recoveries of known mixtures were in 
the range of 96 to 100%. 

Table I shows the analyses of PGS prepared in the 
laboratory by the three methods. In choosing these 
three methods for the synthesis of the esters, it was 
not the intention to s tudy the comparative yields of 
mono- and diesters but  to obtain PG esters from 
various sources. Fract ion I along with PG diesters 
also included some of the unreacted fat ty acids. All 
diester fractions in this s tudy were purified by pre- 
parative thin-layer chromatography.  Unreacted fa t ty  
acid derivatives haYe a lower retention-time than PG 
esters and can be estimated quantitatively by GLC. 
Commercial samples contained up to 3% of unreacted 
materiah Analyses of five commercial samples are 
shown also in Table I. 

GLC separation of PG monoesters and diglycerides, 
which are eluted together in Fract ion II ,  is shown in 
Fig. 1. In earlier studies on the application of GLC 
to quantitative analysis (9) it was emphasized that  
relative flame-response factors (RRF)  should be 
established for the different classes of compounds. 
R R F  for diesters in relation to PG monomyristate 
were as follows: PG-laurate 1.05 ; PG-myristate 1.00 ; 
PG-palmitate 1.03; PG-oleate 1.10; PG-stearate 1.00. 
R R F  were established on the basis of five to six in- 
dividual analyses. Under the conditions of GLC used 
in this s tudy the two isomers of mono fat ty  acid esters 
were not resolved. 
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Fro. 1. Separation of PG monoesters and diglycerides. PG 
esters: 1, monolaurate; 3, monomyristate; 5, monopalmitate; 
6, mono-oleate; 7, monostearate. Diglyeerides: 8, myristo- 
laurate; 9, dimyristate ; 10, myristopalmitate; 11, dipalmitate ; 
12, palmitostearate; 13, distearate. 
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FIG. 2. Separation of PG mono- and difatty acid esters. 
1, PG monolaurate; 2, unknown; 3, PG monomyristate; 4, 
unknown; 5, PG monopalmitate; 6, unknown; 7, PG mono- 
oleate; 8, PG monostearate; 9, PG dilaurate; 10, PG myristo- 
ls urate; 11, PG dlmyristate; 12, PG myristopalmitate; 13, 
PG dipalmitate; 14, ]?G palmitostearate; 15, PG dloleate; 
16, PG distearate. 
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FIG. 3. S e p a r a t i o n  o f  P G  d i f a t t y  a c i d  e s t e r s  a n d  t r i g ] y c -  
e r i de s .  1, P G  d i l u u r a t e ;  2,  P G  m y r i s t o l a u r a t e ;  3, P G  d i m y r i s -  
r a t e ;  4, P G  p a l m i t o m y r i s t a t e ;  5, P G  d i p a l m i t a t e ;  6, P G  
p a l m i t o s t e a r a t e ;  7, P G  d i o l e a t e ;  8, P G  d i s t e a r a t e +  t r i l a u r i n  
(Cs~);  9, t r i m y r i s t i n  (C4~); 10, t r i p a l m l t l n  (C4s). 

Fig. 2 shows the separat ion of P G  mono- and di- 
esters. As the diesters of PG  are eluted with triglyc- 
erides in F rac t ion  I, i t  was necessary to s tudy  the 
GLC separat ion of mixtures  of P G  diesters with tri- 
glycerides (Fig.  3). Triglycer ides  have been analyzed 
by GLC by several workers  (12-13).  In  the author 's  
labora tory  the GLC conditions described have yielded 
quant i ta t ive ly  reproducible  results. The diesters of 
PG can be quan t i t a t ive ly  est imated in mixtures  with 
t r iglycerides ei ther  f rom the percentage distr ibution,  
as calculated f rom the R R F  for t r iglycer ides  in rela- 
tion to P G  esters, or by  use of an in terna l  s tandard.  

Unsa tura ted  t r iglyeer ides  encountered in shorten- 
ings require  the calculation of R R F  for  several in- 
dividual  t r iglyeerides.  Under  the conditions of this 
s tudy  tr iolein had an RI~F of 6.4. On hydrogenat ion  
of the smnple the R R F  for  all t r iglyeer ides  were in 
the range of 1.25 to 2.8. As this involves an addit ional  
step in the procedure  and because t r ig lycer ide  analysis 
requires exact ing conditions, the use of an in ternal  
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FIG. 4. Separation of PG diesters from triglycerides ( lard).  
1, u n i d e n t i f i e d ;  2, P G  d i p a h n i t a t e ;  3, P G  p a l m i t o s t e a r a t e ;  4, 
P G  d i s t e a r a t e  ; 5, u n i d e n t i f i e d ;  6, t r i m y r i s t i n  ; 7, u n i d e n t i f i e d  ; 
8, t r i g l y e e r i d e  t y p e  C5o; 9, t r i g l y c e r l d e  t y p e  C~;  10, t r i g l y c e r i d e  
t y p e  C5~. 

s tandard was prefer red .  Fig. 4 is a chromatogram 
of such a mixture  (F rac t ion  I ) ,  derived f rom lard 
and P G  esters. Tr imyr i s t in  used as an internal  
s tandard  had an RI~F of 1.05. 

In GLC, t r ig lycer ide  separat ion is based on molec- 
ular  weights, and  peaks are assigned total  carbon 
numbers of the const i tuent  f a t ty  acids. In  this study, 
t r i laur in  (C12+r2+12) could not  be separated f rom PG- 
distearate (C18+18). I t  is assumed that,  except  for 
but ter  fat,  palm oils, and coconut oil, there is little 
possibility tha t  shor ter  chain-length t r iglycerides will 
occur in commercial  shortenings. Shortening com- 
positions in this s tudy  were prepared  f rom hydro- 
genated soybean oil, hydrogena ted  marine oil, and 
lard. 

Table I I  shows the analysis of control mixtures. 
Mixtures were p r ep a red  f rom individual purified 
mono- and diglycerides and P G  esters. Triglycerides 
were obtained by  f rac t ionat ion from lard, hydro-  
genated soybean oil, and hydrogenated  herr ing  oil. 
Several combinations of P G  esters and mono- and 
diglyeerides were used in this study,  and data  from 

TABLE I I  

Analysis of Shortening Compositions 

1 2 3 

A a  B a A B A B 

Trig'lycerides 76.50 76.20 ( 99 ) ~' 70.24 70.13 ( 99 ) 80.t) 79.2 ( 99 ) 

PG diesters 
lYn~r 1.52 1.6o (105) . . . . . . . . . . . .  
P P  0.57 0.53 (92) 1,10 1.15 (105) . . . . . . . . . . . .  
PS 2.34 2.40 (105) . . . . . . . . . . . . . . . . . . . . . .  
SS 2.28 2.25 (98) . . . . . . . . . . . . . . .  4.8 419 (102) 
O 0  . . . . . . . . . . . . . . . .  2 . 0 0  1.92 (96) . . . . . . . . . . . .  

Total 5.19 5.18 (99) 4.62 4.67 (101) 

PG monoesters 
b 0.05 0.06 ( 120 ) 1.56 1.5 t ( 96 ) . . . . . . . . . . . .  
M 0.10 0.09 (90) 1.18 1.20 (101) . . . . . . . . . . . .  
P 2.06 2.10 (102)  2,36 2.40 (101) 
S 4.34 4.42 ( 105 ) 3.0 S 2.95 (95)  510 5:0 (100)  
O 0.05 0,06 (120) 2,05 2.15 (104) . . . . . . . . . . . .  

Total 6.60 6,77 ( 102 ) 10,23 10.21 ( 99 ) 

1,3 diglycerides ~ 2.oo  2.00 (lOO) . . . . . . . . . . . .  
P P  21izi 2108 (97) . . . . . . . . . .  
SS 2.32 2.16 (93) i : i 6  1.41 (95) 3.0 3 :4  (105)  
OO . . . . . . . . . . . . . . . .  1,84 1.90 (103) . . . . . . . . . . . .  

Total 4.46 4.24 (95) 5.30 5.30 (1O0) 

1-monogiycerides 
P 2,87 2.91 (101)  3.46 3.50 (101) . . . . . . . . . . .  
S 4.37 4.42 (101)  3,63 3.72 (102) 7.2 7.4 (105) 
0 ........ @ .......... 2.52 2.34 (92) . . . . . . . . . . . .  

Total 7.24 7.33 ( 101 ) 9.61 9.56 (99)  

a A = known composition. 
B ---- as estimated by the ~aethvd; all values are averages  of two or three determinations. 

b Figures in parentheses are  calculated percentage recoveries. 
c L, laurie;  1Yi, myris t ic ;  P, pa]mitic; S, stearic;  O. oleic. 
Samples 1, 2, and 3 are compositions prepared  with lard, hydrogenated soybean oil, and hydrogenated  mar ine  oil respectively. All values 

are  percentage of total. 



M A R C H ,  1968 S A H A S R A B U D H E  A N D  L E G A R I :  A N A L Y S I S  O F  P I ~ O P Y L E N E  F A  E S T E R S  151 

three such analyses  are shown. Propylene  glycol di- 
f a t t y  acid esters were calculated f rom GLC curves with 
t r imyr is t in  as an in ternal  s tandard .  Recoveries of the 
individual  components  were sat isfactory,  in accor- 
dance with the quant i t ies  used in the mixtures.  

The monoesters are tile funct ional  emulsifiers; how- 
ever commercial  samples contain va ry ing  amounts  of 
diesters. Al though it is not necessary tha t  the food 
addit ive be 100% pure  monoester,  it is impor t an t  for 
regula tory  agencies to know the exact composition of 
the food addit ive.  The procedure described herein 
makes this possible. 

A C K N O W L E D G M E N T S  

Commercial samples of propylene glycol esters and mono- and 
diglycerides, also samples of fats  used in the manufac ture  of shortenings 
were generously supplied by the industry. 

I~EFER.ENCES 

1. Howard ,  N. B., U_S. Patent  3,145,107 (Augus t  18, 1964) .  
2. Abbott, C. J., Jr . ,  U.S. Patent  3,145,110 (August  18, 1964) .  
3. Kuhrt ,  N. H.,  and R. A. Broxbolm, U.S. Pa t en t  3,034,897 

(May 15, 1962).  
4. Kuhrt ,  I~. H., and R. A. Broxholm, U.S. Pa ten t  3,934,898 

(May 15, 1962).  
5. Kuhrt ,  N. I-I., and  R. A. Broxhohn, JAOCS 40, 730 (1963) .  
6. Martin, J. B., and E. S. Lutton, JAOCS 42, 529 (1965 ) .  
7. Bradner ,  J .  D., and l~. L. Birkmeier,  JAOCS 41, 367 (1964 ) .  
8. Sahasrabudhe,  M. 1~., J.  J.  Legari  and W. P.  l~cKinley, J .  

Assoc. Official Anal. Chem. 49, 337 (1966) .  
9. Sahasrabudhe,  M, 1%, JAOCS 44, 379 (1967) .  
10. Ha r tman ,  L., J,  Chem. Soc. London 1957, 3572. 
11. Sahasrabudhe,  ~ .  1~., JAOCS 42, 862 (1965) .  
12. I~uksis, A ,  and M. J. McCarthy, Can. J .  Biochem. Physiol. 40, 

679 (1962) .  
13. Litchfield C., R. D. Har low and 1~. l~eiser, JAOCS 42, 849 

(1965).  

[ R e c e i v e d  S e p t e m b e r  26, 1 9 6 7 ]  


