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ABSTRACT 

A nonconvent iona l  method f p r  e v a l u a t i o n  of emu.lsion 

s t a b i l i t y  was developed. The method w a s  found t o  b e  v a l i d  f o r  

v i s c o u s  emuls ions  and r e s u l t s  o b t a i n e d  a r e  i n  good ' c o r r e l a t i o n  

t o  conven t iona l  methods compared. 

The t echn ique  i s  based  on e l e c t r i c a l  c o n d u c t i v i t y  

measurements d u r i n g  n o n d e s t r u c t i v e  s h o r t  heating-cool.ing-heating 

c y c l e s  c a r r i e d  o u t  on cosmet ic  v i s c o u s  emulsions, .  Conduc t iv i ty  

cu rves  were o b t a i n e d  on a r e c o r d e r ,  where t h e  second h e a t i n g  

c y c l e s  w e r e  lower and a lmost  p a r a l l e l  t o  t h e  f i r s t  h e a t i n g  

cu rves .  The b i g g e r  t h e  c o n d u c t i v i t y  d i f f e r e n c e s  between t h e  two 

h e a t i n g  c u r v e s ,  t h e  lower i s  t h e  emulsion s t a b i l i t y .  

A r e l a t . i v e  S t a b i l i t y  Index A/h, i n d i c a t i n q  i ce l a t ive  change 

i n  c o n d u c t i v i t y  between two c y c l e s  w a s  e l a b o r a t e d .  Th i s  index  

w a s  u s e f u l l  i n  f i n d i n g  o u t :  
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476  GARTI, MAGDASSI, AND RUBINSTEIN 

- optimal required HLB values for required emulsion 

- optimal amount ofoily phase 

- emulsifier concentration, 

INTRODUCTION 

The usual methods to determine the stability of emulsions 

are based on accelerating the separation processes occurring 

during normal storage conditions. The acceleration is achieved 

by elevated temperatures, freezing, thaw-freezing cycles, and 

centrifugation (1). 

A large number of investigations were performed in order to 

determine an emulsion stability by measuring its electrical 

conductivity under severe conditions. 

Holzner (2)  made an electrolysis of the emulsions and 

measured the drop in their conductivity during the three first 

minutes under a constant voltage, and derived from those results 

the emulsion stability. Rohel ( 3 )  measured the conductivity drop 

at two temperatures, 20 and 50 C, claiming that in stable systems 

there is only a slight change in the conductivity at both temp- 

eratures, By comparing the distances between the two derived 

curves he could predict the stability of the emulsion in good 

agreement with shelf-life tests, 

0 

Measurements of conductivity, as a function of temperature 
using alternating current was proposed by Brandau (4 )  as a 

quality control for emulsions in the stage of their preparation, 

The conductivity was plotted vs. temperature between 20-60 C and 

a comparison of the obtained curves for different emulsions to a 

standard curve, allows a good product control of the formed 

emulsion. 

0 

Using alternating current, Birrenbach (5) measured the 

impedance of creams during a single understructive heating- 

cooling process. Since the measurement was carried out in non- 

contact cell, it can be assumed that most impedance is contrib- 
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DETERMINATION OF O/W CREAMS STAB.tLITY 411 

uted by t h e  capac i ty  of the  emulsion. The impedance obtained 

during t h e  hea t ing  process  i s  compared t o  the  coolirig process  

impedance anmd assuming t h a t  t h e  (closer t h e  two CU!CV~:S a r e ,  t h e  

more s t a b l e  i s  t h e  emulsion, a p r e d i c t i o n  of emu1:sion s t a b i l i t y  

could be made, 

Many i n v e s t i g a t o r s  searched f o r  t h e  r e l a t i o n  between t h e  

e l e c t r i c a l  conduct ivi ty  of a given emulsion and i t %  s t a b i l i t y  

and i n  t h i s  connection it i s  worth mentioning Brugqeman's 

equation (6 )  concerning t h e  emulsion e l e c t r i c a l  con'ductivity and 

t h e  content  of t h e  o i l  phase: 

k = k (1-8) 2/3 m 
where k = e l e c t r i c a l  conduct ivi ty  of t h e  emulsion 

E: = e l e c t r i c a l  conduct ivi ty  of t he  com.tinuous phase 

$3 = concentrat ion of t h e  o i l  Fhase f o r  o/w emulsions 
m 

Bruggernan's equation i s  an important. contr ibut . ion t o  t h a t  

mat ter  b u t  :is completely ignoring any r e l . a t ion  ofi t.he e l e c t r i c a l  

conduct ivi ty  t o  t h e  p a r t i c l e  s i z e  of t h e  dispersed phase. 

The goal of our  s tudy was to develop a new technique based 

on measuremlsnts of e l e c t r i c a l  conduct ivi ty  t o  determine the  

s t a b i l i t y  of an o/w viscous emu.lsion prepared with non-ionic e m u l -  

s i f i e r s .  

The p r i n c i p l e  of t h e  technique i s  based on e l e c t r i c a l  cond-. 

u c t i v i t y  changes of emulsions, during non-destruct ive s h o r t  

heating-cooling-heating cycles .  

Conductivity curves w e r e  p l o t t e d  during the  heating-cooling 

cyc le ,  and by the  assumption t h a t  t h e  smaller  t he  d i f f e r e n c e s  

between the curves ,  t h e  higher  t h e  s t a b i l i t y  of t h e  emulsion, A 

s t a b i l i t y  index was def ined.  This s t a b i l i t y  index, A h ,  i n d i c a t e s  

the r e l a t i v e  changes i n  t h e  conduc t iv i ty  between two heating- 

cool ing cycles .  

The method was compared t o  s tandard s t a b i l i t y  tes ts  with 

good c o r r e l a t i o n ,  and t h e  use of  t he  s t c a b i l i t y  :Lnclex enabled 

easy comparison of  emulsion s t a b i l i t i e s ,  while changing the  
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478 GARTI, MAGDASSI, AND RUBINSTEIN 

emulsifier, the oil phase concentration, and the HLB's of the 

emulsions. 

EXPERIMENTAL 

Materials: 

A basic model cream was used in this studay as follows: 

Oily phase: 1. Cetyl Alcohol 4.0% 

2 .O% 2. Acetylated wool Alcohols 1 

3. Triglycerides of caproic acidL 4.0% 

4. Emulsifier 0 5-5.0% 

20.0% 

6. Demineralized water to 100 ,O% 

3 Aqueous phase: 5. Aqueous g u m  solution 

The emulsifiers used in this study were: 

- Ethoxylated fatty alcohols 
5 - Ethoxylated fatty acids 

The aqueous gum extract was obtained from a plant extract. 

Method of Preparation: 

4 

For all experiments the same method was used: dropwise 

addition of small amounts of the aqueous solution to the oily 

phase at approximately 70 C, till inversion, Then the rest of the 

aqueous phase was added at one portion while vigorous stirring. 
The obtained emulsion was cooled to ambient temperature while 

vigorous stirring, 

1. "Acetulan " manufactured by "Amerchol", U,S.A, 

2 "Myritol" by "Henkel" , Germany, 
3, Secrecy agreement with a pharmaceutical company prevents u s  

0 

€rom giving full name and source of structure. 

4. "Brijs" / Atlas Europol S.P.A, or Capitol City COrp. 

5, "Myrjs" / Atlas Europol S.P.A. or Capitol City Corp, 

Cetermination of emulsion stability 

While the emulsions were still fresh a measurement of the 

particle size distribution (P.S,D,) was handled using a Carl 

Zeiss polarizing microscope. Each result was an average of 

several measurements. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DETERMINATLON OF O/W C R E M E  STABILITY 47 9 

FIGURE I _____ 
S e p a r . 3  t ion temp . measurement app i i  1 ' .  i t 1 1  :; 

1. electrodes c e l l  t i .  c o n d w  I o.ii? t e r  
2 .  w a t e r  b a t h  5 . t lierrno c,. o 1 I p 1 c 
3. heating e l e m e n t  6 . t e m p e r  it t: I I  r t' con t 1-0 1 1 e 1- 

7 .  s.--y r e (  oi.der 

Sepa ra t ion  tempera ture  meas,iirernents 'were ca- r r ie t i  o u t  u s inq  

t h e  a p p a r a t u s  shown i n  F i g ,  I. 

E l e c t r i c a l  c o n d u c t i v i t y  t e s t s  were car1 i ed  o u t  u s ing  t h e  

a p p a r a t u s  shown i n  Fig. 11, 

The above machinery was ;iiai.nly c o m p c : s c . d  o f  t.emp,erature 

c o n t r o l l e r  (West Gardi.an) , Conduc t iv i ty  C'e.1 1 ancl E l - l l a m a  Conduct- 

orneter. T h e  t empera tu re  w a s  measured by ii thermocouple p l a c e d  

i n  t h e  bottom of t h e  c o n d u c t i v i t y  c e l l .  l 'he c o n d u c t i v i t y  w a s  

measured i n  a c e l l  equipped w i t h  electrode:-;  a t  t h e  bottom. 'This 
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480 GARTI, MAGDASSI, AND RUBINSTEIN 

FIGURE I1 

A/h index determination system 

1. electrodes cell 5. cold air 
2. air chamber 6. thermocouple 
3. conductometer 7. temperature controller 
4 .  warm air 8 .  x-y recorder 

placement of the electrodes prevents a measurement of the conduct- 

ivity which is the result of creaming, or floating air bubbles, 

RESULTS AND DISCUSSION 

Fig LIIdemonstrates a typical conductivity curve obtained 

from a heating-cooling-heating cycle, carried out immediately 

after preparing the semi-solid oil in water emulsion, It can be 

clearly seen that as expected there is an increase in emulsion 

conductivity drops to a value lower than in the first curve. In 

the second heating cycle the conductivity was always lower than 
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DETERMINATION OF O/W CREAMS STABILITY 48 1 

FIGURE I1  I 

A t y p i c a l  conduc t iv i ty  v s .  temp c iirve 
___-- 

I .  c o n d u c t j v i t y  vs .  t empera ture  cu rve  du i ing  tht f i r s t  h e a t i n g  
p rocess .  

2. c o n d u c t j v i t y  vs .  temperature curve  d u r i  iifi t l i c  cool ing  
process .  

3. conduc t jv i ty  vs .  temperature curve  d u r i  ,ig the, sei.ond 
h e a t i n g  process .  

i n  t h e  f i r s t  h e a t i n g  cyc le .  The change i n  t h e  cciridu~c.ti.vity 

wi th in  t h e  35-45 C w a s  measured and named, h, and tF.e i n t e r v a l  

w i th in  t h e  two h e a t i n g  curves  at: 35 C wac. ctlsc measured 

and named A ( t h e  tempera ture  35 C w a s  chor;i?n a r I ) . i t r -a r i ly )  ~ ii and 

A are s p e c i f i c  and c h a r a c t e r i s t - i c  t o  each iemulsion. 

0 

C) 

0 

I t  has  been assumed t h a t  emulsion havfincj t l i e  two hea t ing  

curves  wi th  t h e  s m a l l e s t  i n t e r v a l  (qap) w i t 1  be  1:he more s t a b l e .  

I n  ord'er t o  f a c i l i t a t e  comparison between i;ny t.wo given 

emulsions wi th  d i f f e r e n t  s t a r t i n g  conduc1:i~vit.y i : was decided t o  

d e f i n e  t h e  -value of A / h  which. is i n d i c a t i v e  o f  the r e l a t i v e  

s t a b i l i t y  i.ndex, The sma l l e r  t h e  r e l a t i . i , e  st-abi L i t y  index ,  t h e  

more stable i s  t h e  emulsion (F ig ,  111) 
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482 GARTI, MAGDASSI, AND RUBINSTEIN 

FIGURE IV 

A/h index and sepa ra t ion  temp. vs .  HLB 

A ,  0: two i d e n t i c a l  series of emulsions, prepared by d i f f e r e n t  
Myrj e m u l s i f i e r s  ( 3 % ) ,  a t  cons t an t  o i l  phase concen t r a t ion  
(@=O. 1).  

The v a l i d i t y  of t h e  proposed method i s  demonstrated through 

a series of emulsions, which w e r e  prepared a t  d i f f e r e n t  HLB'S, 

e m u l s i f i e r  concentrat ion,  and o i l  phase concentrat ion,  

1, Determining t h e  HLB Value 

The requ i r ed  HLB va lue  for t h e  system, w a s  determined i n  a 

series of emulsions, con ta in ing  3% e m u l s i f i e r s  from t h e  Myrj 

series. Those e m u l s i f i e r s  were chosen because of  t h e  s i m i l a r i t y  

of t h e i r  hydrophobicgroup to  t h e  main component of t h e  o i l  phase,  

Cetyl  A l c o h o l ,  

In  Fig,  I V ,  t h e r e  i s  a comparison of t h e  stabilities of 

the  emulsions, which w e r e  t e s t e d  by two methods: t h e  h/h value,  

and t h e  sepa ra t ion  temperature of t h e  emulsion. The c o r r e l a t i o n  

between those two tests i s  very c l e a r :  t h e  lowest A / h  value 

(0,2),  i s  obtained a t  HLB=16, which g ives  t h e  emulsion with t h e  

h ighes t  s epa ra t ion  temperature (88 C ) ,  Checking of p a r t i c l e  0 
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DETERMINATION OF O/W CREAMS S T A B I L I l Y  48 3 

I 2 3  
% EMUL.SIFIER 

FIGURE V 

b /h  index and sepa ra t ion  temperature,  vs .  emul s i f i e r  
concen t r a t ion  f o r  emulsions prepared a t  HLR = 1 3 . 7  
(combination of B r i j  52-58:1, and @=O. I .  

s i z e  d i s t r i b u t i o n  by microscope,. shows t h a t  t h e  sma l l e s t  p a r t -  

i c l e s  ( 0 - 5  1im) , were observed at: HLB=16, 

2 ., Determining t h e  Optimal Emulsif ier  Concentratl.on --- 
A series of emulsions prepared a t  HI,B=13,7, w e r e  prepared 

by a combination of B r i j  52-58 e m u l s i f i e r s ,  a t  dj-ff 'erent concen- 

t r a t i o n s  

Fig,  V shows t h a t  t h e  most s t a b l e  emulsion was prepared a t  

3% emuls i f i e r  concentrat ion , having A / h  index clmse t o  0 2 

The same r e s u l t  i s  obtained by the  sepa ra t ion  temperature s tab-  

i l i t y  t e s t ,  and by checking t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n :  t h e  

s m a l l e s t  p a r t i c l e  s i z e s  are achieved a t  3% e m u l s i f i e r  concen- 

t r a t i o n ,  and t h e  h i g h e s t  s epa ra t ion  temperature (84 C ) .  It  i s  

worth n o t i c i l i j  t h a t  t h e r e  i s  a .rapid drop i n  A / h  va lues ,  up t o  

1% emuls i f i e r ,  where an emulsion having a considerable  s t a b i l i t y  

i s  achieved, ( s epa ra t ion  temperature above 80 C l  

3 Determining t h e  Optimal O i l  Phase Concentr;!tion (8) 

0 

0 

The s t a b i l i t y  of emulsions having d.ifferent:  o i l  concent- 

r a t i o n s  was s tud ied ,  maintaining t h e  HLB and t h e  emul s i f i e r  

concentrat ion constant .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



484 GARTI, MAGDASSI, AND RUBINSTEIN 

80 

90 -i 

5 15 25 
O/O + 

FIGURE V I  

A / h  index and separation temperature, vs. oil 
phase concentration ( d ) ,  for emulsions prepared 
at HLB=15.7 (Brij 58),  and constant emulsifier 
concentration (3%). 

It can be seen, that by the A / h  value, the most stable 

emulsions are prepared at 10-15% oil phase concentration 

(Fig. VI) while chuLiging 9 from 5 to 25%, the change of A / h  

value is small: only from 0.2 to 0,4, The same results are 

obtained by separate temperature tests, and here again, there is 

only a small difference between the separation temperature 

(about 5OC), 

phase concentration, 

The finest particles were observed at 5-10% oil 

SUMMARY 

From these results, it is clear that the proposed method for 

evaluation of emulsion stability, is valid for viscous emulsions, 

the results which are obtained by this method are in good correl- 

ation to other methods. By using the A/h index, it is possible 

to determine the required HLB for an emulsion, the optimal amounts 

of the oil phase, and emulsifier concentration, This method is 

tested now on various kinds of emulsions, in order to study the 

scope and limitations of the new proposed method, 
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