
Use of Pulsed Nuclear Magnetic 
Predict Emulsion Stability 1 

Resonance to 

J. TRUMBETAS, J.A. FIORITI,  and R.J. SIMS, 
General Foods Corporation, Technical Center, White Plains, New York 10625 

ABSTRACT 
Pulsed nuclear magnetic resonance (NMR) was 

used to measure extent  of oil solidification during 
cooling of oil-in-water emulsions. "Percent  inter- 
act ion,"  derived from these measurements,  was found 
to correlate well with actual resistance of the 
emulsion to creaming and phase separation during 
storage. Average oil drople t  size gave a fair correlation 
with stability, but  the correlation of required 
Hydrophile-Lipophile  Balance (HLB) with stabili ty 
was poor. Pulsed NMR cooling curve measurements 
on emulsions offer an improved method for 
predict ion of emulsion stability. 

INTRODUCTION 

Probably the most impor tant  consideration in the 
formulat ion of food emulsions is their stabil i ty to creaming 
and phase separation. Selection of emulsifiers to maximize 
stabili ty has been largely a trial-and-error procedure in the 
past (1). At tempts  to improve on this si tuation resulted in 
the Hydrophile-Lipophile  Balance (HLB) system which has 
been applied extensively to emulsions containing nonionic 
surfactants such as the Tweens and Spans (2). Use of this 
method requires a knowledge of both  the opt imum HLB 
for each oil and the HLB of the individual surfactants. 
Since in most cases the commercially available edible 
emulsifiers are mixtures,  HLB cannot easily be determined 
from chemical structure. 

In a previous paper, we described a pulsed nuclear 
magnetic resonance (NMR) method for measuring the 
extent  of  oil solidification during the cooling of an 
oil-in-water emulsion (3). Unstable emulsions showed little 
supercooling, whereas those which were relatively stable to 
creaming and phase separation were also resistant to oil 
solidification. The "percent  interact ion,"  derived from such 
measurements,  or degree of supercooling, was found to 
relate directly to emulsion stability. 

Recent ly we also described an improved pulsed NMR 
technique for determinat ion of emulsion stabili ty (4). 
Emulsion samples were aged at room temperature in 
constant bore tubes, which were lowered by a drive 

1 Presented at the A O C S  M e e t i n g  in  C h i c a g o ,  S e p t e m b e r  1 9 7 6 .  

mechanism at constant speed through the magnet. The 
pulsed NMR signal response is recorded, giving a profile of 
oil distribution throughout  the tube. Since each sample can 
be tested repeatedly at intervals during the aging process, 
this approach indicates quanti tat ively the rate at which the 
phases are separating. 

It has been said that the lack of a clear-cut index of 
emulsion stabil i ty,  and excessive reliance on subjective 
evaluation, have hindered the development of a useful 
theory for predict ion of emulsion stabili ty (5). The extent 
of phase separation is fairly easy to measure visually, but 
with creaming there is no well defined phase boundary.  
Particle size distribution of  the dispersed phase, as a 
function of storage time, is one valid measure of emulsion 
stabili ty (6). Also a hygrometer  technique has been used to 
measure changes in density as separation occurs (7). A 
device has been patented for determining phase separation 
of emulsions by  transmitted fight to give a direct 
observation of  the relative propor t ions  of separated layers 
(8). Turbidimetr ic  or nephelometr ic  methods have also 
been used for this purpose (9). Incorporat ion of  radioactive 
materials into the disperse phase was also suggested as a 
method for determining rate of separation and homo- 
geneity (10). 

Pulsed NMR measurements provide a new, rapid, and 
precise measurement  of emulsion stability. Also it appears 
that by  chilling the emulsion and measuring the resistance 
of the dispersed oil to solidification, values for "percent  
interact ion" can be obtained which correlate well with 
observed emulsion stability. 

EXPERIMENTAL PROCEDURES 

Materials 
Hydrogenated soybean oil was obtained from Archer- 

Daniels Midland Co., Decatur, IL. Coconut oil (92 ~ m.p.) 
was from Capital City Products Co., Columbus, OH. Cocoa 
but ter  was produced by General Foods Corporat ion at 
Dover, DE. See Table I for fat ty acid composit ional  
analyses of these three oils. 

Equipment and Methods 
The Praxis Pulsed NMR (PR-103)Spec t rometer ,  Praxis 

T A B L E  I 

F a t t y  A c i d  C o m p o s i t i o n  (Re la t ive  %) 

H y d r o g e n a t e d  
C a r b o n  no .  92  ~ C o c o n u t  oil C o c o a  b u t t e r  s o y b e a n  oil 

8 :0  8 .6  
1 0 : 0  7 .5  
1 2 : 0  3 1 . 8  0 .1  
1 4 : 0  23~ t r  0 .2  
1 6 : 0  12 ,0  2 5 . 7  11 .7  
16 :1  0 .2  0 . 2  
1 7 : 0  0 .1  
1 8 : 0  13 .7  34 .6  11 .6  
18 :1  2.1 3 5 . 7  6 6 . 3  
1 8 : 2  0 .1  3 .5  9 .4  
2 0 : 0  0~ 0 .3  

T o t a l  9 9 . 8  9 9 , 7  9 9 . 9  
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FIG. 1. Relationship between Hydrophile-Lipophile Balance 
(HLB) and average oil droplet size in emulsions. 
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FIG. 2. Relationship between Hydrophile-Lipophile Balance 
(HLB) and percent interaction. 

Corporation, San Antonio,  TX, was used. Details of the 
instrument settings, the auxiliary equipment, and a 
schematic diagram of the assembly required to obtain 
cooling curves are all given in a previous paper (3). The 
method used to measure supercooling and the calculation 
of "percent interaction" are also described in this earlier 
paper. Details of the pulsed NMR emulsion stability 
method were reported recently (4). 

The emulsions contained 24% fat, 1% Tween-Span 
combinations, and 75% water. Tween 60 (polyoxyethylene 
20 sorbitan monostearate) and Span 60 (sorbitan 
monstearate) were products of ICI United States Inc., 
Wilmington, DE. Tween was dispersed in distilled water at 
60 C, and Span was dispersed in the melted fat. The phases 
were mixed (100 g total weight) in a Waring Blendor for 5 
min at high speed. Mixing speed, time of mixing, and initial 
temperature before mixing were kept constant to insure 
that all samples received approximately the same amount  of 
work. 

Average particle size determinations were made on the 
freshly prepared emulsions using a Coulter Counter, Model 
TAIl, Coulter Electronics, Inc., Haileah, FL. All measure- 
ments were obtained with a 30 micron aperture cell (11). 
The required HLB values for the three fats: 9 hydro- 
genated soybean oil; 9 for 92 ~ coconut oil; and 9-10 
for cocoa butter,  were supplied to us by ICI America, 
Inc. Fatty acid composition data (Table I) were obtained 
by gas liquid chromatography (GLC) of methyl esters using 
a Perkin Elmer 900 gas chromatograph equipped with a 
dual flame ionization detector. The column (10 ft x I/8 in. 
OD 12% stabilized DEGS on 70/80 mesh Anakrom ABS) 
was run isothermally at 190 C. 
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FIG. 3. Distribution of soybean oil in emulsions after 22-hr 
storage. 
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FIG. 4. Distribution of 92 ~ coconut oil in emulsions after 22-hr 
storage. 

R E S U L T S  A N D  D I S C U S S I O N  

Three series of emulsions were prepared using 
hydrogenated soybean oil, 92 ~ coconut oil, and cocoa 
butter,  each with five different Tween:Span ratios. The 
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FIG. 5. Distribution of cocoa butter in emulsions after 22-~r 
storage. 

objective was to obtain samples over a range of HLB values 
both below and above the required HLB for each of the 
oils. Average oil droplet size was then determined for each 
freshly, prepared emulsion using the Coulter Counter. The 
data show a trend toward smaller particle sizes with 
increasing emulsifier HLB over the entire range tested (Fig 
1 ). This inverse relationship was observed with all three oils. 
It has been suggested that, other things being equal, the 
emulsion having the smaller particle size will exhibit the 
slower creaming rate and have the greater stability (12). 

Cooling curves were also run on each fresh emulsion to 
measure extent of fat solidification (degree of supercooling) 
(3). "Percent interactions" were calculated for each of the 
samples, and these numbers were plotted against HLB of 
each emulsifier combination (Fig. 2). With coconut oil and 
cocoa butter  there were no  opt imum interactions, i.e., the 
interaction increased as the HLB of the emulsifier was 
raised over the range tested. However, a change in slope of 
the curve was observed with both of these oils quite near 
the required HLB values (8.8 for coconut oil and 9.5 for 
cocoa butter). With soybean oil there was a maximum 
interaction which coincided with the required HLB for this 
oil (9.2). 

Storage tests were run on all of the samples at room 
temperature. At intervals, the pulsed NMR equipment  was 

used to measure extent of creaming and/or phase separation 
(4). Fat distribution profiles in the storage tubes were 
obtained after 30 min, 2% hr, 5 hr, and 22 hr. In the 
interests of brevity, only the data after 22 hr are presented 
here. Three emulsion samples for each oil have been 
selected, one at a low HLB, one at the required HLB, and a 
third at a high HLB (Figs. 3, 4, and 5). Selection of the data 
did not  affect the conclusions which follow since all the 
results showed the same general trend. 

The bar graphs are drawn to divide the emulsions into 
ten equal volume segments with 100 representing the top 
10% in the stability tube and 10 the bot tom 10%. The 
lengths of the bars represent the percentages of fat in each 
volume segment. The 'dot ted vertical lines represent the fat 
distribution in the emulsions as originally prepared. As 
creaming occurs, the upper segments become rich in fat, 
whereas the lower segments become progressively more 
lean. 

An inspection of Figures 3, 4, and 5 shows that in all 
cases the most creaming occurred at the lowest HLB. 
Collectively the bars representing HLB 7.8 showed the 
largest deviation from the vertical dotted line with each oil. 
All of the emulsions showed some degree of creaming after 
22-hr storage, but none showed any sign of coalescence and 
phase separation. 

Hydrogenated soybean oil (Fig.3) gave the best overall 
stability and also had slightly less creaming at the required 
HLB of 9.2 than at either the low or higher HLBs. 
Maximum interaction was also observed at HLB 9.2 (Fig 2). 
With 92 ~ coconut oil, it is obvious that the best stability 
was obtained at the highest HLB, 12.8. The maximum 
interaction was also observed at HLB 12.8 with this oil. The 
differences in stability with the cocoa but ter  samples are 
somewhat more subtle. But if the plus and minus deviations 
from the vertical dotted line are totaled, for each emulsion, 
then the sample at HLB 12.8 is observed to have the best 
stability. 

The findings are summarized in Table II. "Percent 
interaction" showed a maximum for all three oils at the 
HLB which also gave the best emulsion stability. Average 
particle size was the smallest at HLB 12.8 for all three oils, 
but  soybean gave the best stability at HLB 9.2. Only 
soybean gave the best stability at its required HLB. Thus 
only "percent interaction" showed a complete correlation 
with resistance to creaming. Average particle size correlated 
fairly well with stability. The required HLB gave the poorest 
correlation. 

Based on this work, it appears that "percent 
interaction," derived from pulsed NMR cooling curve 
measurements can be used to predict emulsion stability. 
Pulsed NMR represents an improvement over the HLB 
system both as a means to predict, and to actually 
measure stability of emulsions to creaming and phase 
separation. 
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Correlat ion Table 

Emulsion stability Required 
at 22 hr HLB a 

Percent 
interact ion  

Hydrogenated Yes 
soybean oil 
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C o c o n u t  Butter No 

Yes 

Yes 
Yes 

Average 
particle 

size 

No 

Yes 
Yes 

aHLB = Hydrophile-Lipophile Balance. 
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