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Stability of Emulsions Containing Sucrose Esters 
LLOYD OSIPOW, FOSTER DEE SNELL, and MURRAY FERENCZ, Foster D. Snell Inc., New York, New York 

/ • E R I E S  of sucrose esters of f a t t y  acids has recently 
been developed for  use as nontoxic detergents  
and emulsifying agents (3). Commercial  mate- 

rials became available in the, midspr ing  of 1957. 
These sucrose esters are manufac tu red  by  an  aleo- 
holysis reaction which involves the methyl  ester of a 
f a t t y  acid a n d  sucrose, in a mutua l  solvent, in the 
presence of an alkaline catalyst. Sucrose monoesters, 
diesters, and higher esters of sucrose can be pro- 
duced by using essentially the same process but  vary-  
ing the ratio of methyl  ester to sucrose. Sucrose 
monoesters of f a t t y  acids containing 12 to 18 carbon 
atoms are, water-soluble, hydrophil ie  emulsifiers while 
the diesters of these f a t ty  acids are oil-soluble, hydro-  
phobic emulsifiers. 

Dur ing  the manufac tu re  of the sucrose monoesters 
some diester is invar iably  produced. Careful  control 
of manufac tu r ing  conditions, or subsequent purifica- 
tion, is required to obtain a product  that  is sub- 
s tant ial ly  free f rom sucrose, diestcr. 

I t  is well known tha t  certain selected pairs  of 
emulsifying agents, consisting of a hydrophil ie  and a 
hydrophobie emulsifier in  the correct proport ions for  
the specific system, will produce more stable emul- 
sions than  will e i ther  emulsifier used alone. 

Emulsion stabil i ty is here considered as the abili ty 
of the dispersed phase to resist coalescence. Creaming 
is not regarded as an indication of emulsio~ instabil- 
ity. In  general, emulsion stabil i ty depends upon the 
format ion  of an interracial  film which resists dis- 
placement.  A complicating fac tor  is the size of the 
emulsion droplets  since it will ordinar i ly  require 
substantial ly more time for  very  fine droplets than  
for  larger  droplets  to fo rm a coalesced layer.  With  
the identical work input  the emulsion system that  
gives the smallest interfaciai  tension will produce 
the smallest droplets. 

I t  was recent ly repor ted that  mixtures  of sucrose 
monopalmita te  and glyceryl  monostearate  produced 
more stable oil-in-water emulsions, with both silicone 
oil and minera l  oil, t han  did either emulsifier used 
alone (3). I t  was not determined whether  the ob- 
served differences in stabil i ty resulted f rom differ- 
ences in droplet  size or f rom interact ion between the 
emulsifier pa i r  to produce, an interracial  film tha t  was 
more difficult to desorb than the film produced by 
either agent  alone. 

I n  this study, ~ombinations of sucrose monostearate 
and distearate were investigated with p re formed min- 
eral oil-in-water emulsions. Consequently the, effect 
of variat ions in droplet  size was eliminated. Simi- 
lar studies were made with combinations of sucrose 
monostearate,  containing 10% distearate, and glyc- 
eryl monostearate.  The la t ter  combinations were also 

i Presented at the 131st meeting of the American Chemical Society, 
in ~[iami, Fla., on April 11, 1957. 
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investigated with emulsions milled af ter  the intro- 
duction of all of t h e  emulsifier. The series involving 
milling a f te r  introduct ion of the entire emulsifier 
introduces the complicating fac tor  of var ia t ions in 
droplet  size for  different systems. Howe~cer it is 
representat ive of commercial emulsions. 

Experimental 
Sucrose monostearate and snerose distearate were 

p repared  f rom commercial  methyl  stearate (about  
5 5 %  palmitate,  45% stearate) by a procedure previ- 
ously deseribed (3). They were purified by  precipi- 
tat ion f rom acetone to give produets  which analyzed 
as follows: 

sucrose monostearate:  90% mono-, 10% di- 
sucrose distearate:  17% mono-, 83% di- 

The glyeeryl  monostearate was obtained f rom the 
Kessler Chemical Company Inc. I t  is designated 
glyeeryl  monostearate,  pure  (Saponifieation No. 168- 
176, Acid No. 3.0 max., Iodine No. 3.0 max.) .  

An emulsion was p repared  by adding 400 ml. of 
Klearol  mineral  oil (L. Sonneborn Sons Inc.) ,  pre- 
viously purified by passing through an activated 
a lumina eolumn, to an aqueous solution consisting 
of 1.0 g. of sucrose monostearate dissolved in 1.6 
liters of distilled water.  The emulsion was p re fo rmed  
by mechanical st irring. I t  was then passed through 
a Gifford-Wood labora tory  colloid mill, first at a 
clearance of 0.005 in., then at 0.001 in. 

The emulsion was then divided into sixteen 100-nil. 
portions, and each port ion was diluted with an equal 
volume of an aqueous solution or dispersion of su- 
crose monostearate  and sucrose distearate at  a range 
of concentration levels. The remaining 400 ml. of 
the emulsion were discarded. Thus each of the 16 
emulsions p repared  irt this manne r  contained 10% 
of mineral  o~1 and was wi thdrawn f rom a single 
emulsion concentrate. 

A second two-liter batch of mineral  oil emulsion 
containing 1:0 g. of sucrose monostearate  was pre- 
pared  in an identical  manner .  I t  was divided into 
sixteen 100-ml. portions, and each port ion was diluted 
with an equal volume of an aqueous solution or dis- 
persion of sucrose monostearate  and glyeeryl  mono- 
s tearate  at a range of concentration levels. 

A p p r o x i m a t e l y  150 ml. of each of the 16 emulsions 
p repared  in this second series were passed through 
the colloid mill twice at a clearance of 0.001 in. The 
remaining 50 ml. of each o~ these emulsions were 
not milled. 

The stabil i ty of the three series with 16 emulsions 
in each series was determined on 25-ml. portions, 
which were t r ans fe r red  to s toppered test tubes and 
stored at room temperature .  The, coalesced oil was 
renmved periodically with a hypodermic syringe and 
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weighed. With the systems based on sucrose mono- 
stearate-sucrose distearate, the remainder of the 
emulsions was also stored at room temperature until 
broken. In  some cases it was necessary to centrifuge 
for prolonged periods or to store the creamed layers 
at 43~ for many weeks to accelerate coalescence. 
The amount of sucrose distearate dissolved in the 
coalesced oil was determined by optical rotation (3). 
Surface and interracial viscosity measurements were 
also made on the separated oil and water phases, 
using a modified MacMichael viscosimeter. 

Results 
The compositions of the three series of emulsions 

containing 10% (V/V)  mineral oil in water are 
given in Tables I and II .  The stability of the emul- 
sions car~ be expressed in the form 

t 

i Yo 0 t d t  

SE t 
where S~ is the stability of the emulsion and 0t  is the 
weight  of oil separated after time t measured in days. 
The aging period for the sucrose monostearate-sucrose 
distearate series was 28 days while  the aging period 
for the two series of sucrose monos~earate-glyceryl 
monostearate emulsions was 30 days. Values of SE 
for each of the 48 emulsions were determined by 
graphic integration. Results are presented in the last 
columns of Tables I and II .  

Data  on the concentration of sucrose distearate in 
the oil phase of the emulsions showed that in all cases 
the oil phase was not saturated with diester. The 

solubility of sucrose distearate in the mineral oil is 
0.66% at 25~ 

Interracial  viscosity values for the sucrose mono- 
stearate-sucrose distearate systems were essentially 
the same in all cases. None of the combinations tested 
produced a condensed surface-film. 

Discussion 

The method of preparat ion of the emulsions from 
an initial oil emulsion concentrate would be expected 
to produce a situation somewhat as follows. The ini- 
tial emulsion containing 20 vo lume percentage of 
mineral  oil and about 0.05% of sucrose monostearate 
would be sufficiently coarse to provide essentially 
complete coverage of the emulsion droplets by ad- 
sorbed sucrose monostearate,  above the critical micelle 
concentration. Microscopic examination of the emul- 
sion showed that most of the droplets were in the 
range of one to five microns in diameter. Calculation 
of the number of moles of sucrose monostearate re- 
quired to cover the surface of droplets of one micron 
radius in 100 ml. of solution, assuming an average 
area of 200 A 2 per adsorbed molecule,  indicates a 
requirement of 10 -5 moles. Since 10 -4 moles Of su- 
crose monostearate are present and the critical micelle 
concentration is 10 7 moles (2) ,  this requirement is 
satisfied. 

Di lut ion of the emulsion with  solutions or disper- 
sions of sucrose monostearate and/or  sucrose distea- 
rate must  result  in a shift  in the distribution of the 
two emulsifiers between oil and water phases and the 
interface. The stability of  the emulsions will depend 

T A B L E  I 

Compar ison  of the Stabi l i ty  of P re formed  Emuls ions  Conta in ing  
10% Minera l  Oil- in-Water a t  Var ious  F rac t ions  of Sucrose 

Monostearate  in  Sucrose Mouostearate-I ) is tearate  l~Iixtures 

Total  sugar  Sucrose 
esters monostearate,  Emuls ion  

Emuls ion  (g . / 100  co. f rac t ion  of stabili ty,  
emuls ion)  total  sugar  SE 

esters 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I - I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  

0 ............................................. 
P ............................................. 

O.525 

0.275 

0.150 

0.76 
0.62 
0.48 
0.34 
0.90 
0.77 
0.64 
0.50 
0.37 
0 . 2 4  
0.90 
0.78 
0.65 
0.53 
0.41 
0.29 

65.0 
36.4 

2.9 
0.7 

230.0 
94.0 
33.8 

2.3 
0.9 
1.1 

230.0 
50.0 
29.2 

3.7 
1.1 
0.5 

T A B L E  I I  
Comparison of the S tab i l i ty :o f  P re fo rmed  and Milled Emuls ions  Contain-  

ing  10% Minera l  Oil- in-Water at Var ious  Weigh t  F rac t ions  of 
Sucrose Monostearate  in  Sucrose Monostearate-Glyceryl  

Monosteara te  Mixtures  

Emul s ion  stabili ty,  SE 

Emul s ion  

A-1 
B-1 
C-1 
D-1 
E-1 
E-1 
G-1 
It-1 
I-1 
J-1 

K-1 
L-1 
M-1 
N-1 
0-1 
P-1 

Emuls i f ier  
conc. 

(g./lO0 co. 
emuls ion)  

O.525 

o ~ 5  

0.150 

Sucrose 
inono- 

stearate,  
f r ac t ion  of 
emulsif iers 

present  

o.TG- 
0,56 
0.39 
0.22 
0.90 
0.74 
0.58 
0.40 
0.24 
0.08 
0.90 
0.77 
0.60 
0.45 
0.30 
0.15 

Glyceryl 
mono- 

stearate,  
f r a c t i o n  of 
emulsifiers 

present  

0.19 
0.38 
0.57 
0.76 
0.00 
0.18 
0.36 
0.55 
0.73 
0.91 
0.00 
0.14 
0.33 
0.50 
0.67 
0.83 

Not mil led Milled 

1.5 1.7 
2.8 5.0 
1.5 > 100.0 
3.0 4.2 
5.5 6.7 
1.7 2.7 
0,9 2,6 
1.0 2.1 
0.9 2.8 
0.6 1.4 
4.2 2.5 
1.3 1.3 
0.8 0.8 
0.7 0.7 
0,6 0.6 
0.6 0.6 

80. 

60.' - - ~ - -  

8.0 

~.l 6 . 0 - - - -  

\ 
o x 

4.0 \ 
\ 

{} .4  

O, 90 0.80 0. 70 0.60 0, 50 0, 40 0. 39 0,20 
SUGROSE MONOSTEARATE FRACTION 

FIG. 1. Emulsion stability, SE, of preformed emulsions, as a 
function of the fract ion of sucrose monostearate present based 
on total  sucrose stearate. X,  0.525% sucrose stearate;  O, 
0.275% sucrose stearate;  A,  0.150% sucrose stearate. 
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upon the energy required for desorption of the surf-  
actants  f rom the interface. 

Desorption into the dispersed phase of a su r fac tan t  
soluble in tha t  phase does not ordinar i ly  involve a 
large energy-term. This is shown by the fact  tha t  
oil-soluble emulsifiers produce unstable oil-in-water 
emulsions, while water-soluble emulsifiers give un- 
stable water-in-oil emulsions. The stabil i ty of an 
emulsion then depends pr imar i ly  upon the energy 
necessary for  desorption, into the cons phase, 
of the sur fac tan t  soluble in that  phase. In  the case 
of specific sur fac tan t  pairs  tha t  produce more s table  
emulsions than  either surfae tant  alone, interact ion 
between the two s ur fac tan ts  increases the energy 
required for desorption. 

The stabil i ty of an emulsion is related exponen- 
t ial ly to the energy required for  desorption of the 
surface film (1) 

SE ~ ~G 

where SE is the stabil i ty of the emulsion and G is 
the energy required for  desorption of the surface film. 

I f  we assume tha t  the energy required for  desorp- 
tion is propor t ional  to the surface excess of mono- 
ester aud this in t u rn  is proport ional  to the rat io of 
monoester to total  sugar  ester in the emulsion system, 
then 

C= 
log SE 

Cm + Cd 

where Cm and C~ refer  respectively to the eoneentra- 
t ion of monoester and diester in the emulsion. 

F igure  1 is a plot of log SE v e r s u s  

C= 

C m  - ~ -  C d 

for  the sucrose monostearate-sucrose dis~earate series. 
Within  experimental  error  all values fall  on the same 
line. 
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FIG. 2. Emul s ion  s tabi l i ty ,  SE, o f  p r e fo rmed  emuls ions ,  as  a 
f u n c t i o n  of  the  f r ac t ion  of sucrose monos t ea r a t e  p re sen t  based  
on to ta l  sucrose a n d  glyceryl  esters .  X ,  0.525% emuls i f iers ;  
O ,  0.275% emuls i f iers ;  /k,  0.150% emulsifiers.  
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FIG. 3. Emul s ion  s tab i l i ty ,  Sm of  nlil led emuls ions ,  �9 as a 
f unc t i on  of the  f r ac t ion  of sucrose monos t ea r a t e  p re sen t  based  
on t o t a l  sucrose and  glyeeryl  esters .  X ,  0.525% emulsi f iers ;  
O ,  0.275% emuls i f e r s ;  /k,  0.150% emulsifiers.  

The, same reasoning can be applied to the series of 
emulsions Containing sucrose mo~ostearate and glye- 
eryl  mo~ostearate,  where the bulk of the emulsifiers 
was added a f te r  format ion  of the emulsion. I n  this 
ease we obtain a different curve for  each concentra- 
tion level, as shown in F igure  2. The curves corre- 
sponding to 0.275 and 0.150% emulsifier are similar. 
They are consistent with the, theory advanced if it is 
assumed that  sucrose monosteara*e is preferent ia l ly  
displaced a* the oil-water interface by glyeeryl  mono- 
stearate. The results  suggest tha~ a t  these low emul- 
sifter eoneentrat io~ levels the sucrose monostearate is 
completely displaeed f rom the interfaee when 25 to 
30% of the emulsifier is glyeeryl  monostearate.  At  
higher levels of glyeeryl  monostearate the emulsions 
behave as though glyeeryl  monosteara~e is the only 
emulsifier present.  

The effect of milling the emulsions eontaining glye- 
eryl  monostearate,  subsequent to the addition of the 
emulsifiers, is shown in F igure  3. At  the two lower 
concentration levels of emulsifiers, the eurves have 
the same fo rm as tha t  shown in F igure  2. Breaks in 
the curve occur at about  20 to 25% glyeeryl  mono- 
stearate. At  0.275% emulsifier the eurve is shifted 
toward greater  emulsion stability. This is undoubt-  
edly because smaller  droplets result  f rom repeated  
milling with addit ional  emulsifier present.  Wi th  
0.150% emulsifier the decrease in droplet  size is 
probably  insufficient to influence emulsion stability. 

The curve represent ing emulsions containing 0.525 % 
emulsifier in F igure  3 shows a substant ial  increase in 
emulsion stabil i ty with approximate ly  equal par t s  of 
sucrose monostearate and glyeeryl  monostearate  pres- 
ent in the  system. Since combinations of sucrose 
monostearate  and glyceryl  monostearas with pre- 
formed oil droplets  do nor appea r  to increase the sta- 
bili ty of the emulsions over that  obtained with sucrose 
monostearate alone, it must  then be suppOsed tha t  
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selected combinations of sucrose monostearate and 
glyeeryl monostearate, above some minimum concen- 
tration, are capable of producing smaller size drop- 
lets and consequently more stable emulsions. 

A satisfactory explanation of the behavior of un- 
milled emulsions containing 0.525% emulsifier, as 
plotted in Figure 2, is not evident. 

Conclusions 
The presence of either sucrose distearate or glyc- 

eryl monostearate will decrease the stability of pre- 
formed mineral oil-in-water emulsions containing su- 
crose: monostearate. Wi th  adequate concentrations of  
emulsifier present the enlulsion stability of milled 
emulsions passes through a maximum as the ratio of 
glyceryl monostearate to sucrose monostearate is in- 

creased. The data suggest tha t  this increased stability 
results f rom a decrease in droplet size ra ther  than 
from the formation of a more tenuous interracial film. 
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[ R e c e i v e d  M a y  27, 1957]  

Indian Stillingia Oil and Tallow 
S. A. NARANG ~ and SADGOPAL, 2 Forest Research 

TILLINGIA OIL AND TALLOW a r e  obtained from the 
Roxb. (faro. ~ fruits  of the tree Sapium sebiferum 

Euphorbiaceae). The tree is indigenous to China 
and has been reported to be growing wild in nor thern 
India (24). In India  it  is known as tarcharbi (Dehra 
Dun) and pahari-shishim (Saharanpur)  (6). The 
fruits  are borne in small clusters. At  matur i ty  the 
outer brown husks split open and expose three oval 
seeds about one-half inch in diameter, weighing about 
0.15 g. The thick mesocarp contains a f a t ty  substance 
commonly known as vegetable tallow. The kernel oil 
is a drying oil known as stillingia oil in English (24) 
or "Tse- iecne"  or " t u n g - y u "  in Chinese (20). 

The earliest information on the physico-chemical 
characteristics of the Chinese stillingia oil were re- 
ported by Tortelli and Buggeri  (23), Nash (20), Bol- 
ton (3), and by the Imperial  Inst i tute of London (4). 
By conventional methods Jamieson et al. (15) and 
Kaufmann  et al. (17) found 26-29% linolenic, 46-  
59% linoleic, 9-16% oleic, and 6-9% saturated fa t ty  
acids and  no ted  a b n o r m a l l y  h igh  s a p o n i f i c a t i o n  
values. In 1946 Potts  (21) observed that  one of the 
acidic components of the oil had an unusual ultra- 
violet spectrum. The observation was confirmed by 
Huang  et al. (14) in 1949 who however did not reach 
a conclusion about the s t ructure  of the new acid. Only 
recently Hilditch (8), t I i ldi tch and Crossley (9), and 
Devine (5) were able to isolate about 5% of a deca- 
2:4-dienoic acid having a characteristic absorption 
band at about 260 m~. This acid has been found to 
be absent in the Indian stillingia oil which has a 
saponification value of 205.7. The tallow has been 
studied by Hilditch et al. (13), Jamieson (16), and 
Armstrong et al. (1). 

All of these workers studied stillingia oils and 
tallows from seeds grown in China, Florida,  or South 
Texas. I t  was therefore of interest to examine Indian 
varieties also. 

Experimental 
The external f a t t y  and fibrous coating was easily 

broken and removed by vigorously st irr ing the seeds 

1Now Research Fellow, Indian Association for the Cultivation of 
Science, Calcutta. 

~Now Deputy Director (Chemicals), Indian Standards Institution, 
Delhi, 

Institute, New Forest, Dehra Dun, India 

in warm water (50 ~ to 55~ for two hours. The 
decorticated seeds were separated, dried, and ex- 
tracted with petroleum ether or ethyl ether. Charac- 
teristics of the oils extracted by these two solvents 
were practical ly identical although yields were not 
the same (see below). Physico-chemical values are 
summarized in Table I for  comparison with those 
reported by previous workers. 

Fibrous matter  and tallow were recovered by filter- 
ing off the water and then were dried. Tallow was 
obtained by extracting the dried, powdered material 
with benzene. The Indian stillingia tallow has the 
following characteristics: specific gravi ty  0.89056~176 
refractive index 1.45606~176 acid value 0.75, saponifi- 
cation value 203.9, iodine value (Wij ' s )  24.1, acetyl 
value 1.9, unsaponifiable mat ter  1.5%, and Hehner  
value 93.03. 

By the above procedure the percentage yields from 
the seeds were tallow 19.3, fibrous mat ter  12.5, hulls 
37.45, and kernels 30.75. Based on the weight of 
seeds, extraction with petroleum ether (40-60 ~ ) gave 
an oil yield of 18.27% as compared with 16.91% 
obtained with ether. Based on the weight of kernels, 
the oil yields were 59.4 and 55.0%, respectively. The 
oil had a pale yellow color with pleasant odor. 

Characterization of Fatty Acids 
F a t ty  acids were isolated in the usual nlanner by 

saponification of the oil or tallow. The yie]d of fa t ty  
acids f rom the oil was 91.2% and from the tallow 
93.0%. The fa t ty  acids were resolved into solid and 
l iqu id  f r a c t i o n s  by  Twi t che l l ' s  lead-sal t-alcohol  
method (10). Results of these separations are shown 
in Table II .  

The liquid and solid f a t ty  acid fract ious were sepa- 
rately converted into their methyl esters,  which were 
then systematically fract ionated by distillation under  
vacuum. The percentage of saturated acids in each 
ester f ract ion was calculated by means of Charnley's  
formula (11). The amounts of C~s mono-, di-, and 
trienoic acids and unsaponifiable ina~ter were esti- 
mated on the basis of iodine and thiocyanogen values 
according to the equations of Baughman and Jamie- 
son (2). The results of the ester fractionations are 
given in Table I I I .  


