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pared from sesame oil was found to be 35.1%, which 
agrees reasonably well with the calculated value of 
37.3%. 

The method has been applied to the determination 
of free and bound sesamol in a number  of samples of 
crude, refined, bleached, hydrogenated,  and deodor- 
ized sesame oils as par t  of an investigation of the 
role ptayed by sesamol in the stability of these oils. 

Summary 
The Villaveechia test was adapted for the quanti- 

tative determination of sesamol in sesame oil. Of the 
several a r o m a t i c  a l dehydes  tested, furfura l ,  in the 
presence of aqueous  s u l f u r i c  acid (sp. gr. 1.37 at 
15~ proved to be the most suitable for  the quan- 
ti tative m e a s u r e m e n t  of the color produced with 
sesamol. 

The oil, dissolved in iso-octane (10 g. per 100 ml.), 
is shaken with dilute aqueous-alcoholic potassium hy- 
droxide to remove the free, bu t  not the bound sesa- 
real. The modified Vi l l avecch ia  test is applied to 
a) the original iso-oetaue solution of the oil, b) the 

iso-octane solution af ter  extraction with alkali, and /  
or c) the aqueous-alcoholic extract. The optical densi- 
ties, read at a wavelength of 518 m~, correspond to 
the total bound, and free sesamol, respectively. 

The method was applied to the determination of 
free, bound, and total scsamol in a number of crude, 
refined, bleached, and deodorized sesame oils. Agree- 
ment between the values for  total and free plus bound 
sesamol was close. Four  crude sesame oils of different 
origins had total contents of sesamol ranging from 
0.13 to 0.17%, of which nearly all was in the bound 
form. The yields of added sesamol varied from 95 
to 106%. 
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T H E  widespread use of monoglyeerides has devel- 
oped in the last decade although methods for  
prepar ing them have been known since the mid- 

19th century. In  the presence of an alkaline catalyst, 
either direct esterification of f a t t y  ac ids  or inter- 
esterification of fats provides a convenient method 
for prepar ing monoglycerides. The reaction product  
is a mixture of monoesters, diesters, and triesters as 
well as free glycerol, free fa t ty  acid, and the catalyst 
in the form of metallic soaps. The term monoglycer- 
ide has been loosely applied to this total reaction 
mixture in which the glyceryl  monoester is f requent ly  
a minor constituent. 

Up to the present there has been little or no con- 
centration of monoester f rom such a mixture on a 
commerc i a l  basis. The wide range in molecular 
weights of the components of the mixture  suggests 
a distillation process, but  ordinary distillation is dif- 
ficult because of the low vapor pressure and thermal 
instability of the monoester. Molecular distillation 
however is readily effective for separating the mono- 
glyceride from the reaction mixture. 

Molecular distillation is well-known and should not 
need any discussion in this paper. Essentially pure 
monoglycerides were obtained by  molecular distilla- 
tion of the reaction products of glycerol and a par- 
t ially hydrogenated vegetable oil. A sample of one 
of the well-known products of the commercial mono- 
glyceride mixture  type was distilled on a 5-inch cen- 
tr i fugal  molecular still (1).  

Table I shows the temperature  and pressure during 
the distillation of the monoglyceride mixture. Two 

1 Precsented a t  the  23rd  Fa l l  Meeting, American  Oil Chemists '  Soci- 
ety, Chicago, Ill.,  Oct. 31, Nov. 1 and 2, 1949. 

Communica t ion  No. 165 f rom the Laborator ies  of Dis t i l l a t ion  Prod-  
ucts  Industries. 

small 5% cuts were taken to remove the low molecu- 
lar  weight components. Three 10% fractions, assay~ 
ing over 90% monoes te r ,  were obtained from the 
original 41% monoglyceride mixture. The monoester 
was determined by the periodic acid oxidation method 
of Pohle, Mehlenbacher, and Cook (2) as modified by  
Handschumaker  and Linteris  (3). 

The graph in Figure  1 shows the concentration of 
the various components. The bulk of the glycerol and 
fa t ty  acids shown by the hatches is removed in the 
forepar t  of the distillation. The free f a t ty  acids were 
determined by the A.O.C.S. procedure (4) and the 
glycerol by the method of Bradford,  Pohle, Gunther,  
and Mehlenbacher (5). About  50% of the volatile 
glycerol escapes condensation on the condenser sur- 
face and is collected in the d ry  ice t rap which is ahead 
of the pumping system. The major portion of the 
monoester is obtained in a substantially pure form 
and only small amounts of monoester are found in 
the di- and tr iglyeeride fractions. 

The above example is typical  of the method used 
to prepare purified monoglyceride concentrates f rom 
a var ie ty  of oils and fa t ty  acids. Data are presented 

T A B L E  I 

Opera t ion  Da ta  for  the Separa t ion  o f  Monoesters  by Molecular  
Dis t i l l a t ion  of a Pa r t i a l l y  Hydrogena ted  Vegetable  

0 i l  Monoglyceride Mix ture  

Tempera- 1% Mono- 
F'raction t u r e  ~ C. ester 

Charge .................................. 
1 ........................................... 
2 ........................................... 
3 ........................................... 
4 ........................................... 
5 ........................................... 
6 ........................................... 
7 ........................................... 
Res idue  ................................ 

80-140 
140-142 
142-148 
148-153 
153-168 
168-200 
200-206 

Pressure ,  
ram. Hg.  

0.018 
0.016 
0.011 
0.04 
0.04 
0.04 
0.04 

% 
Cut  

5.2 
4.8 
9.2 

10.O 
9.9 

I0 ,0  
9.9 

39.6 

41 
67 
84 
93 
97 
94 
23 
12 

1 
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F~o. 1. C o m p o s i t i o n  of  t he  d i s t i l l a t e  f r o m  tt m o l e c u l a r  s t i l l  
d i s t i l ] a t i o n  o f  p a r t i a l l y  h y d r o g e n a t e d  v e g e t a b l e  oil m o n o g l y c -  
e r i de  r e a c t i o n  p r o d u c t s .  F A  ~ f r e e  f a t t y  a c i d s ;  G L  ~ f r e e  
g l y c e r o l ;  ICES = u n d i s t i l l e d  r e s idue .  

comparing the analyses of these distilled monoglyc- 
erides with those of commercial monoglyceride mix- 
tures. The distilled monoester is usual ly paired with 
a corresponding commercial  monoglyeeride mixture.  
However  in a few cases a commercial product  was 
not available. Therefore  those samples d e s i g n a t e d  
s imply as labora tory  mixtures  were made in the labo- 
r a to ry  under  conditions approximat ing  commercial 
methods. 

TABLE II 

Analytical D~Le. on Products Containing Saturated Acid 
2~onoesters o,f Glycerol 

Monoglyceride 
Products 

Monolaurate 
Commercial Mixture 
Dist.illed Monoester 

Monopalmitate 
Labo :atory Mixture 
Distilled Monoester 

Monostearate 
Comme~cial Mixture 
Distilled Monoester 

% 
Mono- 
ester 

35 
92 

38 
93 

40 
94 

% 
Glyc- % 
erol F.F.A. 

9.5 ~ .') 
0.7 1.3 

3,6 2,7 
0 1.3 

3.9 2.3 
0.5 1.2 

Melting 

47 
57 

61 
72 

59 
71 

Oo]or 
51s 

Lovibond 

35Y/4.0R 
20Yf2.4t~ 

60Y/13.5R 
8Y/1.2R 

12Y/1.9t~ 
IOY/L5R 

N A L Y S E S  of monoglyceride products  p repared  
f rom sa tura ted  acids are given in Table I I .  I t  

will be immediately apparen t  that  the monoester con- 
tent  of the distilled product  is approximate ly  twice 
that  of the commercial mixture.  The glycerol con- 
tent  of the distilled ester is f requent ly  less than  1% 
whereas in most commercial mixtures  the glycerol 
content is usual ly 3-4%. The free f a t t y  acid content 
of monoglycerides p repared  f rom f a t t y  ac ids  may  
va ry  f rom 1-10%. Distillation however permits  a 
control of the f a t t y  acid content. The melt ing point 
of the distilled monoester is invar iably  higher than 
tha t  of the c o r r e s p o n d i n g  reaction mixture.  The 
color of the monoesters made f rom satura ted  acids is 
usual ly good. However  distillation improves the color. 

In  Table I I I  analyses of several glyceryl  monoes- 
ters of unsa tura ted  acids are given. The monoester 
content of the distilled product  is a p p r o x i m a t e l y  
twice that  of the commercial mixtures.  The glycerol 
and free f a t t y  acid contents are considerably less in 
the distilled material .  

The significant differences in melt ing points how- 
ever may  not have been expected. The i n c r e a s e d  
melt ing point of the distilled monoesters, which is 
f r e q u e n t l y  10-20~ higher than that  of the corn- 

mercial  mixtures,  has a pract ical  advantage  when 
working with the unsa tura ted  esters. For  example, 
the monoester made f rom liquid cottonseed oil is a 
plastic product  closely resembling a shortening in 
appearance.  

The monoglyeeride mixtures  made f rom unsatu- 
ra ted  fats  f requent ly  are exceedingly dark. There- 
fore the removal of the color bodies by  distillation 
is much more marked when comparing the distilled 
and undisti l led unsa tura ted  monoglycerides. Fo r  ex- 
ample, the color of the distilled monoester of cotton- 
seed oil is bet ter  than  commercial  sa tura ted  mono- 
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FI(;. 2. T h e  e f fec t  o f  h e a t  ( 1 8 0 ~  u p o n  t h e  m o n o e s t e r  con- 
t e n t  of  m o n o g l y c e r i d e  p r o d u c t s .  

glycerides. Even  products  with as high a degree of 
unsa tura t ion  as soybean oil yield a distilled mono- 
ester which is almost water  white. The monoester 
content and color are often the essential proper t ies  
to be considered. Fo r  example, a lkyd resins made 
f rom distilled soybean monoesters are pract ical ly  col- 
orless and  have many  other unusual  proper t ies  asso- 
ciated with the monoglyceride pur i ty .  

Saponification values and  iodine values of the dis- 
tilled monoester are always less than  those of the 
reaction mixtures  since these values will be decreased 
by  the increased amount  of combined glycerol. Odor 
and taste are also effectively removed by  the molecu- 
lar distillation process. 

Products  which are intended for edible use should 
be free of soap or other catalysts. I t  is diffcult to 
remove the catalyst  completely f rom a monoglyceride 
p repara t ion  by  methods such as water  washing or 
precipi ta t ion with phosphoric acid. Ash contents for  
commercial  monoglyceride mixtures  were found to be 
820 p.p.m, of ash for  a stearic acid product  and 290 
p.p.m, of ash for  a par t ia l ly  hydrogenated  vegetable 
oil product.  The molecularly distilled monoglycerides 
however are substant ia l ly  catalyst  free with typical  
ash contents of 1 to 2 p.p.m. 

p E R H A P S  the most impor tan t  reason for  catalyst  
removal is to minimize changes in monoester con- 

tent. F igure  2 shows the monoester destruction when 
samples of a commercial  monoglyceride mixture  and 
a distilled monoglyceride are heated at  180~ for a 
period of three hours. Most shortening manufac tur -  
ers are aware of the monoglyeeride loss encountered 
when the monoglyceride is added to shortening dur- 
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FIO. 3. M e a s u r e m e n t  of  t h e  r e d u c t i o n  in  i n t e r r a c i a l  t e n s i o n  
b e t w e e n  o i l  a n d  w a t e r  p r o d u c e d  b y  v a r i o u s  p e r c e n t a g e s  of  m e n -  
oe s t e r s  f r o m  t r l p l e - p r e s s e d  s t e a r i c  a c i d  m o n o g l y e e r i d e  p r o d u c t s .  

ing the deodorization stage. Thus, even though the 
catalyst  in the commercial  reaction mixture  has been 
par t ia l ly  removed, the residual catalyst  is sufficient 
to promote the rap id  destruction of the monoester. 

Distillation has made it possible to obtain a reason- 
ably  pure  glyceryl  monoester. S u b s e q u e n t  studies 
were under taken  to determine the action of the roche- 
ester when free of the other components of the reac- 
tion mixture.  

Monoglycerides are capable of lowering the inter- 
facial tension of oil and water.  In ter rac ia l  tension 
measurements  have been made by  the ring method 
using a Cenco-du Nhuy tensiometer. Correction val- 
ues as determined by  Hark ins  and Jo rdan  (6) were 
applied to all readings. Each monoglyceride product  
was added a t  vary ing  levels to a refined cottonseed 
oil and the interracial  tension of these mixtures  was 
determined against  water  at 70~ 

The action of a commercial monostearate mixture  
containing 40% of the monoester and a distilled mono- 
s tearate  containing 94% of the monoester in lowering 
the interracial  tension is shown in F igure  3. Com- 
parisons of commercial mixtures  and distilled prod- 
ucts in this discussion are based on the monoester 
content ra ther  than  on a weight basis. In  comparing 
the distilled monoester and the reaction mixture  on 
a weight basis, approximate ly  2.2 times more of the 
reaction mixture  is used than  of the distilled prod- 
uct. The action of a monoglyceride mixture  when 
added on a weight basis is shown by  the dotted line 

TABLE I I I  
Analytical Data on Products  Containing Unsaturated 

Acid Monees~rs of Glycerol 

�9 % % 

J P r o d u e t s  
Monoglycerlde I Mono-I  Glyc- 

Monoesters, Part .  I I ] 
Hyd. Veg. Oil I I I 

Commercial Mixture I 41 I 3.5 I 
Distilled Monoesters I 95 I 1.0 I 

Monooleat~ ] 
Commercial :Mixture ) 54 0,5 
Distilled Monoester ] 95 1.0 

~onoesters, / 
Cottonseed Oil I 

Laboratory Mixture / 42 4.0 
Distilled Monoesters J 93 2.0 

~ o n o e s t e r s ,  ] 
Soybean Oil { 

Laboratory Mixture I 49 2.5 
Distilled Monoest~rs I 97 0 

% 
F.F.A. 

3.7 
1.0 

2.6 
2.3 

0.5 
0.5 

0.7 
0.8 

Melting I Color 
Poin$ 5 ~ "  

~ Lovibond 

8Y/1.2t~ 

21 80Y/20R 
41 12Y/1.4R 

3O 57Y/27R 
51 8Y/1 .2g  

18 155Y/161~ 
34 5Y/1.0tr  

in the graph  in F igure  3. The act ivi ty of the dis- 
tilled monoglyceride plotted on a weight basis is 
essentially the same as that  shown on a monoester 
basis. There seems to be little effect on interracial  
tension due to the diester and minor  constituents 
except at the higher level Of monoester addition. 

F igure  4 shows the interracial  tension lowering 
obtained with a commercial  monoglyeeride mixture  
of a par t ia l ly  hydrogenated vegetable oil containing 
41% of the monoester and the distilled product  con- 
taining 95% of the monoester. Da ta  points for  these 
two products fall  on the same curve indicating that  
the surface tension lowering is due solely to the 
monoester content. 
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:Fie. 4. M e a s u r e m e n t  of  t h e  r e d u c t i o n  i n  i n t e r r a c i a l  t e n s i o n  
b e t w e e n  r e f ined  c o t t o n s e e d  o i l  a n d  w a t e r  p r o d u c e d  b y  v a r i o u s  
p e r c e n t a g e s  of  m o n o e s t e r s  f r o m  p a r t i a l l y  h y d r o g e n a t e d  vege-  
t a b l e  o i l  m o n o g l y e e r i d e  p r o d u c t s .  

The graph  in F igure  5 compares a l a b o r a t o r y  
prepara t ion  of cottonseed oil monoglyceride reaction 
mixture  containing 42% of the monoester with a 
corresponding 93% distilled monoester. There seems 
to be a small bu t  measurable  act ivi ty a t t r ibu tab le  
to the other c o m p o n e n t s  of the reaction product.  
The interracial  tension lowering data obtained, using 
several distilled monog lyee r ides ,  are graphed in 
F igure  6. 

I f  the sa tura ted  monoglyeerides were plotted on 
a mole basis, the curves would pract ical ly  coincide. 
In  general, the sa tura ted  m o n o g l y e e r i d e s  show a 
greater  lowering effect than  do the u n s a t u r a t e d  
monoglycerides, such as the cottonseed oil monoglyc- 
erides. This does not necessarily indicate that  t h e  
sa tura ted  m o n o e s t e r s  are much be t te r  emulsifiers 
than the unsa tura ted  monoesters. A number  of fac- 
tors other than  interracial  tension lowering also de- 
termine the pract ical  efficiency of an emulsifier. 

A simple water  absorpt ion test has been used to 
evaluate water-in-oil emulsifiers, such as monoglyc- 
erides. In  this test the monoglyceride is added to a 
pe t ro la tum base. Wate r  is added to the oil phase in 
an electric mixer  to fo rm an emulsion (under  care- 
ful ly  controlled conditions). The end point  which 
occurs when the emulsion breaks, or no longer ab- 
sorbs water, is usual ly characterized by  a drop in the 
viscosity of the emulsion. This procedure is based 
on the method published by  Griffin (7). 

In  F igure  7 the water  absorpt ion values are plot ted 
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Fro. 5. Measurement  of the  reduct ion  in  i n t e r r a c i a l  t ens ion  
be tween refined cot tonseed oil a nd  wa te r  p roduced  by  var ious  
pe rcen tages  of monoesters  f rom cot tonseed oil  monoglyeer ide  
products .  

against the percentage of monoester in the oil phase. 
The distilled monoester made from triple-pressed ste- 
aric acid assaying 94% monoester is compared with 
the commercial monostearate mixture containing 40 % 
monoester. It  is evident that this glyceryl monoester 
has a greater emulsifying ability when the rest of the 
reaction mixture is absent. This type of test is prob- 
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pe rcen tages  of monoesters  of severa l  d i s t i l l ed  monoglyeer ide  
products .  
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ably closely associated with some conditions encoun- 
tered in the cosmetic industry. 

In Figure 8 water absorption values are plotted for 
varying percentages of glyceryl monoesters of cotton- 
seed oil in the  oil phase. In this graph the ordinate 
values are 10 times and the abscissa units 1/10 of 
those shown for the stearic acid monoglycerides. Thus 
comparable amounts of unsaturated monoglyeerides 
are approximately 100 times more effective in forming 
this type of emulsion than the saturated monoglyc- 
erides. In this plot a distilled product of cottonseed 
oil containing 93% monoester is compared to a lab- 
oratory prepared reaction mixture of cottonseed oil 
containing 42% monoester. I t  is apparent that in 

this case the rest of the reaction mixture adds to the 
emulsifying properties of the monoestcr. 

Summary 
Monoglyceride concentrates of high puri ty can be 

readily prepared by molecular dist i l lat ion.  Their 
properties are, in general, about what would be ex- 
pected from the high content of monoglycerides and 
absence of catalyst. 

The interfacial tension lowering produced by mono- 
glyeerides is essentially proportional to the monoester 
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I~G. 7. The effect of monoesters  f rom t r ip le -pressed  s t e a r i c  
acid monoglyeer ide  products  on the  s t a b i l i z a t i o n  of a w/o  
emulsion.  The curves ind ica te  the  volume of w a t e r  in  ml. 
held in  a s tab le  emuls ion  by 100 g r a m s  of p e t r o l a t u m  con- 
t a i n i n g  monoglycer ides .  

content of the monoglyceride product. In a water  ab- 
sorption test the unsaturated fat ty  acid monoglycer- 
ides are considerably more active than the monoesters 
of saturated fat ty  acids. 
. . . .  y _ _  
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FIG. 8. The effect of  monoesters f r om cottonseed oi l  mon- 
oglycer ide  products  on the  s t ab i l i z a t i on  of a w /o  emulsion. 
The curves i nd i ca t e  the volume of wa te r  in  m]. held in a 
s tab le  emuls ion  by  1O0 g r a m s  of p e t r o l a t u m  con ta in ing  mono- 
glycer ides .  
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