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Measurement of biochemical parameters in the stratum corneum: M ichel Kermici, 
Catherine Bodereau and Guy Aubin. Journal of the Society of Cosmetic 
Chemists 28 151-154 (1977)
Synopsis—The paper reports an original method to evaluate biochemical varia
tions of the skin. From samplings of the stratum corneum upper layers, by stripping, 
enzymatic activities (lytic enzymes, deshydrogenases) have been quantitatively 
measured. The values determined by this method reflect the metabolic work 
present in the Malpighian layer. These enzymatic measurements, associated with 
the determination of other biochemical parameters (lipids, proteins, aminoacids) 
constitute an objective evaluation of the skin quality.

A critical study of the method is given and some experimental results, as a 
function of different human skin areas and skin types, are presented. Results of 
experiments, on swine and human skin, will show the interest of the technique.

A new approach to the theory of adsorption and permeability of surfactants on kera- 
tinic proteins: the specific behaviour of certain hydrophobic chains: J. Garcia 
D ominguez, J. L. Parra, Ma R. Infante, Carlos M. Pelejero, Francisco 
Balaguer and T. Sastre. Journal of the Society of Cosmetic Chemists 28 
165-182 (1977)
Synopsis—The sequence: detergency-adsorption-interaction-denature tion-perme- 
ability-irritation, caused by ionic surfactants on keratinic proteins such as stratum 
corneum has been studied. Adsorption and permeability of the protein or lipo
protein structures have been investigated, and a five step mechanism is proposed to 
explain the way in which ionic surfactants can be transferred from the interface 
protein-water to the inner cells of the dermis, resulting in irritation.

Two new theoretical approaches are proposed to justify the odd behaviour 
of the C12 anionic surfactants: solubility on hydrophobic sites, or a molecular con
formation of the normal linear structure of the surfactant molecules in a more 
stable form, under conditions which give a minimum size for Cia surfactants.

Evaluation of O/W emulsion stability through zeta potential—1: D evraj Ram- 
bhau, D. S. Phadke and A. K. D orle. Journal of the Society of Cosmetic Chemists 
28 183-196 (1977)
Synopsis—Ageing of emulsions prepared with sodium palmitate or cetyltrimethyl- 
ammonium bromide under accelerated conditions such as elevated temperatures or 
higher centrifugal speeds resulted in an increase in mean globule diameter and 
decrease in viscosity and Zeta potential. A fair inverse correlation was observed 
between Zeta potential and ageing. The correlation between Zeta potential and 
mean globule diameter in sodium palmitate emulsions was not, however, as fair as
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in the case of emulsions prepared with cetyltrimethylammonium bromide. Changes 
in Zeta potential and viscosity on ageing showed a linear relation between them at 
all temperatures studied, in both the emulsions. Decay in Zeta potential with time 
at higher centrifugal speeds was linear and was dependent on speed of centrifuga
tion. Mean globule diameter was linearly increased as Zeta potential was decreased 
at all centrifugal speeds studied. Emulsifier concentration studies revealed that at a 
critical concentration emulsions possess maximum Zeta potential. Maximum Zeta 
potential was associated with maximum emulsion stability. Possible mechanisms 
of Zeta potential decay at accelerated conditions were explained.
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Measurement of biochemical parameters in the 
stratum corneum

Presented at the ninth IFSCC Congress, June 1976, Boston, U.S.A.

M ICHEL K ER M IC I, CA TH ERIN E BODEREAU, and GUY AUBIN* 
L ’Oreal, France

Synopsis

The paper reports an original method to evaluate biochemical variations of the skin. From samplings of 
the stratum corneum upper layers, by stripping, enzymatic activities (lytic enzymes, deshydrogenases) 
have been quantitatively measured. The values determined by this method reflect the metabolic work 
present in the Malpighian layer. These enzymatic measurements, associated with the determination of 
other biochemical parameters (lipids, proteins, aminoacids) constitute an objective evaluation of the skin 
quality.

A critical study of the method is given and some experimental results, as a function of different human 
skin areas and skin types, are presented. Results of experiments, on swine and human skin, will show the 
interest of the technique.

Introduction

The study of cutaneous biochemistry has developed considerably during recent years, 
thanks to improvements in biochemical and histochemical methods. Apart from rare 
exceptions, these studies have been performed on man through biopsies. However, this 
method of obtaining samples causes stress and sometimes leaves unsightly scars.

This method is therefore not suitable for systematic studies, in particular those in
tended to evaluate the effects of various products, whether to assess their activity or their 
potential dermal toxicity.

The development of objective tests on human skin in vivo is, however, desirable to 
further research in cosmetics.

Several methods have been published with this aim. Often, however, the measure
ments are qualitative (1, 2, 3) or too complex to be used in routine tests (4, 5), though 
these methods are very interesting for fundamental studies.

Based on observations made in particular by the German school of dermatology (1,2), 
which demonstrate the presence of enzymatic activity in the upper layers of the stratum/ 
corneum, we have developed a method which makes it possible to make a quantitative 
evaluation of the different biochemical activities in the stratum corneum. The deter
minations are performed using samples obtained by strippings.

Various studies performed in our laboratories in support of this method showed that 
the biochemical variations observed in the upper layers of the stratum corneum were a 
reflection of the metabolic activity in the deep layers of the epidermis. It is therefore 
hoped that this method may prove useful in the study of cosmetic products.

The paper gives a critical study of the method. Examples of results will be given to 
illustrate the value of the method in the fields of dermatology and cosmetology.
* L’Oreal, Laboratoires de Recherche, 93601 Aulnay sur Bois.
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P R IN C IP L E

The principle of the method is the measurement of different biochemical activities 
directly from samples of the stratum corneum obtained by strippings, using adhesive 
strips. This method can be used in man, on all areas which are hairless or which have 
only a small amount of hair, and can also be used on pigs and laboratory animals pro
vided that the density of the hairs is low, for example hairless animals.

M E T H O D  OF O B T A IN IN G  SA M P L E S

As far as is possible, the subjects providing the samples should apply nothing to the skin, 
at least during the 6 h preceding the test.

The samples should be taken in a room with controlled temperature and relative 
humidity (0 = 20°C ±  2; RH = 50% ±  10) from subjects who have been resting for 
30 min. This ensures good homeostasis of the skin in relation to the ambient atmosphere.

Biochemical exploration of a given anatomical locality is performed in the following 
manner:

Epicutaneous lipids are first removed using the method of Shaefer and Kuhn-Bussius
(7) by applying a T8 cm2 plate of unpolished glass at a pressure of 1000 g for 30 sec. This 
pressure is obtained by using a dynamometric system which makes it possible to apply 
forces of 50-1,500 g on cutaneous surfaces ranging from 1 to 25 cm2.

Immediately after obtaining this sample, a 4 cm2 adhesive strip, either ‘471’ or ‘type 
clear’ strips from Minnesota Mining and Manufacturing Co.®, is applied to the same 
place. This strip is applied for 15 sec. under a pressure of 250 g/cm2, using the system 
mentioned above. The strip is then removed using tweezers. This stripping operation can 
be repeated several times on the same place.

In the context of the work described here, we have generally performed five consecu
tive strippings, keeping the first two for measurement of the proteins, the third for 
measurement of the acid phosphatases, the fourth for measurement of the activity of 
D glucuronidases and the fifth for determination of the activity of glucose 6 phosphate p 
dehydrogenases (G6PDH). 30 min. after the fifth stripping, it is possible to take another 
sample of lipids under the same conditions as previously.

As we shall see later on, this last measurement makes it possible to evaluate the speed 
of secretion of sebum at a given area.

After removal, the samples are stored at 0°C under nitrogen in hermetically sealed 
tubes.

M E T H O D S FO R  M E A SU R E M E N T S

Lipids

The method of Cottet and Etienne (6) using the sulphophosphovanillin colorimetric 
method is applied directly to the sintered glass from the sampling, placed in a flat- 
bottomed tube.

The intensity of colour obtained is directly proportional to the amount of lipids, 
expressed as Trioleine, for quantities ranging from 20-150 pg. Absorptions are read at 
525 nm.
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This colorimetric method seems to us preferable since it is more accurate than the 
determination of the transmission of light through the sintered glass, which is the method 
proposed by Shaefer and Kuhn-Bussius (7).

Proteins

The protein samples obtained using the adhesive strips are measured by the method ol 
Bramhall and his colleagues (8) which we have adapted to our needs.

The measurement consists of the adsorption of Xylene Cyanin <7® on to the proteins. 
After removing the excess colourant by washing, the colourant fixed on the proteins is 
eluted and quantified by spectrophotometry at 610 nm. Coloration is proportional to 
the amount of proteins. The standard curve is set up using serum albumin, precipitated 
by trichloroacetic acid (7%) and fixed on Whatman No. 1 paper.

E N Z Y M A T IC  D E T E R M IN A T IO N S

These are performed by direct incubation of the sample in the buffer substrate medium 
which is specific to the appropriate enzyme. The enzymatic reactions are observed using 
fluorimetric methods. These very sensitive determinations make it possible to detect fainl 
enzymatic activity. In this way, acid phosphatases are determined by hydrolysis of a- 
naphthyl sodium phosphate and pD-glucuronidases by hydrolysis of a-naphthyl PD- 
sodium glucuronide. In these two cases, the liberation of the fluorescent naphthol group 
is observed. For these determinations we used the method published by Campbell and 
Moss (9) and Im and Hoopes (10), slightly modified. The activity of G6PDH is observed 
by reduction of the co-enzyme of the reaction, NADP*, by fluorimetry, according tc 
Lowry (11).

W H Y  TH E SE P A R A M E T E R S ?

In the context of the development and control of the reliability of the method, the use ol 
the parameters selected is easily explained.

The measure of the amount of proteins in the sample shows the state of desquamatior 
of the skin, thus making it possible to evaluate the cutaneous reactions and to characterize 
the various types of skin.

The determination of acid phosphatases and PD glucuronidases is justified by the 
presence of these enzymes in the stratum corneum; these were demonstrated by Steigledei
(1) in particular, whose work partly forms the basis of the beginning of our work. These 
two enzymes, localized in the cell lysosomes, are involved in the process of cellulai 
dedifferentiation and keratinization (12) and because of this, are connected with the 
formation of the stratum corneum.

As for G6PDH, it plays an important role in the metabolism of the cell by virtue of it: 
key position in the cycle of hexose monophosphates and it thus forms an excellent marke: 
of cellular activity.

By histochemical studies on skin biopsies, Ohkawara and Halprin (13, 14) have 
shown that the activity of this enzyme increased significantly in cases of pathologica 
disturbance and cutaneous stress.

* NADP = Nicotinamide adenine dinucleotide phosphate.
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Figure 8. Effect o f  C etavlon R on  biochem ical activities o f  stratum  corneum . % variations plotted  
against the num ber o f  applications.

acanthosis, significant numbers of mitoses). In addition, one may suppose that the 
responses recorded in the first parts of the histogram would be lower than those actually 
produced, since what is being determined is the resulting effect of an increase induced by, 
and a decrease caused by, the physico-chemical action.

This physico-chemical action appears all the more clearly since beyond the fifth 
application there is the phenomenon of homeostasis which limits the biological response, 
and this explains the lower values recorded in the second part of the histograms.

We have chosen to cite this example, since the effects of Cetavlon and of Na lauryl 
sulphate have been very thoroughly studied (24, 25) and, as in the case of psoriasis 
previously mentioned, the results obtained by biochemical analysis of the surface corro
borate those results from cutaneous biopsies.

C O N C L U S IO N

These results merit further elaboration. We simply wanted to show, by these examples, 
:hat in different fields of research, the method proposed makes it possible to understand 
better the healthy human skin, its reactivity towards different substances administered, 
n particular on topical application, and the biochemical modifications inherent in 
different states, whether pathological or not. The results are in argeement with those
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Table 1. Aminoacid composition (pmol/l) of the protein extracted from human callus treated 
with alkylsulphates (C8-C1S) having the sulphate group located in positions 1, 2 or 5.

C'8 C10 C"l2
Aminoacids

l-c8 2-C8 1-ClO 5-C« i-c12 2—C12

Aspartic acid 10 8 49 10 78 80
Threonine 22 21 30 28 12 29
Serine 60 48 123 110 167 92
Glutamic acid 11 8 105 66 72 107
Proline 7 5 13 6 21 16
Glycine 90 71 124 94 184 192
Alanine 35 30 49 35 69 65
Cystine — — — — — —
Valine 19 17 24 20 20 19
Methionine 3 2 8 4 4 7
Isoleucine 11 10 16 12 9 15
Leucine 18 15 32 20 24 63
Tyrosine 11 6 15 13 20 15
Phenylalanine 10 6 15 11 13 25
Lysine 70 64 73 65 100 62
Histidine 13 7 17 15 30 11
Arginine 3 4 8 5 10 42
S Aminoacids 393 322 701 514 863 840

177771 Hydrophobic sites of the protein H2O molecules

Figure 7. Feasible mechanisms of the migration process of surfactants through proteinic 
supports.

(a) Ionic attraction, (b) Hydrophobic interaction, b.l. surfactant-surfactant b.2 
protein-surfactant, (c) Ionic exchange, (d) Formation of hydrophobic aggregation 
d.l. protein-surfactant d.2. surfactant-surfactant, (e) Migration of the hydrophobi 
aggregation.

In Fig. 7 a possible schematic mechanism of the above stages is given.
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Figure 9. Adsorption of SLS solutions (pH 2-2), via ionic or hydrophobic link on wool fibres at 
50°C, as a function of the time of treatment. O water; •  water-ethanol 1: 1 (v/v).

I— in te rp h a s e

EZZ2 H y d ro p h o b ic  s ite s  o f th e  p r o te in  H^O m o le c u le s  Q

Figure 10. Feasible schematic mechanism of the interaction. Surfactant-Proteinic support 
(Stage a).

(b) Hydrophobic interaction. Once the monomolecular layer of surfactant is attached to 
the protein, new molecules can be attracted to the previous ones via hydrophobic inter
action forming a second layer. The hydrophobic residues of the protein also allow the 
attachment of the surfactant molecules via the hydrophobic linkage. In other words, 
there are two possible ways of hydrophobic attachment: surfactant-surfactant and/or 
protein-surfactant (see Fig. 7).
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the stratum corneum. Then, according to Wepierre (20) the percutaneous penetration is 
regulated by the partition stratum corneum/water. Probably this partition is more 
favourable for the stratum corneum in those structures having C12 in the hydrophobic 
chain for a particular ionic group i.e. —COO- , —OSOj, —SO J, etc. If so, this may be 
the reason for the odd behaviour of C12 anionic surfactant. We believe that this may not 
be the only reason, because when the solid phase contains no fatty components, as in 
the case of human hair washed with organic solvent, wool fibres, or the pure proteinic 
fractions of human skin (as callus cells to which lipids have been eliminated) we have 
found, as well as other authors (4, 5), that the adsorption of surfactant and extraction 
of proteins is also a maximum for the series of anionic surfactants having a C12 
carbon chain. In this case, the partition coefficient cannot be the only answer to such a 
specific behaviour. In addition to this, we have shown in this paper {Fig. 3) that when a 
fatty free human hair is treated with a reducing reagent such as thioglycolic acid at pH
3-25 in the presence of a series of alkylsulphates in the range C6-C18, a maximum cystine 
reductive cleavage takes place when the surfactant contains a 12 carbon atoms hydro- 
phobic chain.

This finding seems to indicate that other factors besides the partition coefficient, 
specific hydrophobic/hydrophilic balance, specific solubility, etc. should be taken into 
account to explain why the C12 anionic surfactant behaves in such a special and parti
cular way.

Our work shows that there is another possible explanation for the behaviour of lauryl 
anionic surfactant from the point of view of adsorption and migration which in some 
ways would lead to consider this type of surfactant as a potential irritative agent. We 
believe that, when an anionic surfactant is dissolved in an aqueous medium below the
C.M.C., the molecules as such, are first adsorbed in the interface liquid/air. Those 
molecules remaining in solution that are adsorbed in a fat free solid/liquid interface should 
adapt their structure in such a way that the area they expose to the aqueous media or 
to the water present in the solid support, contains the maximum of hydrophobic material 
in the minimum surface area. This tentative new approach to the understanding of the 
behaviour of anionic surfactants in aqueous media, leads to the assumption that the 
hydrophobic chain can never expose its stretched structure to the water phase. Ideally, 
the conformation in which the ratio volume/surface is a maximum is the spherical, as 
this is the conformation adopted when the micelles are formed. Nevertheless it appears 
reasonable to accept that the hydrophobic chain could adapt its structure to a coiled 
shape should this be possible (the a-helix conformation of proteins is an example of this). 
In the theoretical case that each of the turns of the coil is formed by six carbon atoms 
(like an open cyclohexane) we would obtain maximum volume/area ratios for those 
hydrophobic chains being multiples of six, i.e. C6, C12, C18.

In Figs. 11,12 & 13, the three theoretical possible conformations of C12 alkylsulphate 
can be observed.

This can only occur when the concentration of surfactant into the solid support or ir 
the aqueous phase is below that C.M.C. because when this concentration is reached, the 
number of surfactant molecules in the medium is enough to allow the formation o; 
micelles, via hydrophobic bonds, repelling water from the hydrophobic surroundings 
Would it be possible for the first stage in the formation of micelles to start from the 
linkage of surfactant molecules already conformed in the coil structure above mentioned'

Regarding the particular behaviour of C12 alkylsulphates, several hypotheses could b< 
postulated. Firstly, when a hydrocarbon residue is surrounded by water molecules, thi



Figure 11. Conformation in zig-zag of a lauryl sulphate molecule.

Facing p



Figure 12. Conformation of a lauryl sulphate showing one open cyclohexane.



Figure 13. Structure of a Iauryl sulphate with a double open cyclohexane conformation.

5 -  7  A  :

Figure 14. A non-polar chain inserted into a multiple water polyhedric clathrate in fixed 
conformation.



ure 15. A 12-carbon aliphatic chain inserted into two modulus of water polyhedric clathrates.
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process brings about a large negative unitary entropy change which is intimately related
to the unique structure of water itself. This great decrease in entropy shows that the
water structure modifications should be considered as a very important factor. The
earliest explanation originated as the 'iceberg' concept of Frank & Evans (21) in which
water molecules in the vicinity of an apolar group become more ordered. An extension
of this concept postulates 'Flickering clusters' in which by a cooperative effect, existing
hydrogen bonds facilitate the formation of many more, resulting in a temporary cluster
of water molecules in the vicinity (22).

According to Pauling, in the pentagonal dodecahedron structure for liquid water it
is assumed that the apolar group is inserted inside the dodecahedron as a clathrate
structure. The presence of the apolar molecule inside the water tends to stabilize it,
making it more 'crystalline' (23, 24).

Obviously, the water molecules integrated in such structures should give a conforma
tion of the hydrophobic chain of the surfactant in order to keep it into a definitive
number of clathrate units (Fig. 14).

Can the C12 alkylsulphate hydrophobic chain orient its structure in such a way that
the whole length occupies completely a certain number of clathrates? If so, the water
molecules surrounding the Ca chain should be so highly ordered that the volume
occupied is kept to a minimum. This hypothesis could be justified by the results com
mented given in the paper which give for Ca a maximum adsorption and migration.

If the energy that the system can bring is enough to orient the Ca hydrophobic
chain into a certain open type of double coil shape (6 carbon atoms in each winding),
then the hydrophobic chain would show to the water phase a specific surface to allow
a definite number of clathrates to envelop the hydrocarbon chain. As in the previous
hypothesis, this structure could justify the odd behaviour of C12 alkylsulphates
(Fig. 15).

FIgure 16. A non-polar chain of an alkylsulphate in conformation because of the surrounding
water clusters.
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Whatever hypothesis be the right one, we can say that the migration of surfactant 
molecules through the support is optimum when its hydrophobic chain has promoted 
a highly ordered water structure in its surroundings and its hydrophobic chain is organized 
in such a way as to allow such ordered disposition of water (Fig. 16). The mutual inter
action hydrophobic chain-water and water-hydrophobic chain results in a molecule 
showing an optimum shape and size for the hydrophobic chain of 12 carbons.

In Fig. 17 the length of the hydrophobic chain in A for alkylsulphates against the 
number of carbon atoms is illustrated. We can see that if the hydrophobic chain of the 
surfactant does not conform (in other words, it remains linear) there is a direct relation
ship between the length and the number of carbon atoms. In our opinion, this means that 
if the molecule is in stretched form inside the protein, we cannot explain the specific 
behaviour of the C12 alkylsulphate. If we assume that the first conformation occurs in a 
6 carbon open ring and that for the successive alkylsulphates the chain remains linear, 
then no specific size for any of them can be found. However, if for the C12 chain we con
sider that the second open-cyclohexane structure is formed, a minimum length for the 
C12 alkyl sulfate is observed.
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migrated to protein zones where it has been possible for the thioglycolate ion to react 
with the cystine located in the structure.

It would be desirable from the cosmetic point of view that a given surfactant with 
identical detergent properties would show a minimum migration. Dealing with the C12 
chain this can be accomplished if we prevent the double coil conformation mentioned 
previously. In fact, we have performed in our laboratory different experiments in which 
the anion sulphate is present in the position 2 or 5. After treatment with these molecules 
we have observed that the adsorption is lower than the one corresponding to the alkyl- 
sulphate having the anionic group in position 1 for an identical length in its hydrophobic 
chain. Another method of modificating the migration of surfactant and consequently 
the irritation it may produce, will be to straighten out the hydrophobic chain of the 
surfactant when interacting with the stratum corneum. The effect of a non-ionic sur
factant on the decrease of the irritation produced by anionic surfactants is well known. 
Possibly, the non-ionic surfactants inhibit the conformation of the anionic surfactant.

Evidence of the conformation of hydrophobic chains of 8 or 10 carbon atoms of 
soaps or alkylsulphates in water have been obtained by Raman spectroscopy (25, 26). 
Optimum conformations can justify, as described in the paper, the fact that in any 
family of surfactants, a certain specificity in behaviour can be shown by some members of 
the series. These molecules will contain those chain lengths that can adopt a conformation 
able to allow the molecule to keep the contact surface hydrophobic chain-water to a 
minimum.
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Evaluation of 0/W emulsion stability through 
zeta potential-I
Prediction of O/W emulsion stability through zeta potential 
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Synopsis

Ageing of emulsions prepared with sodium palmitate or cetyltrimethylammonium bromide under accele
rated conditions such as elevated temperatures or higher centrifugal speeds resulted in an increase in mean 
globule diameter and decrease in viscosity and Zeta potential. A fair inverse correlation was observed 
between Zeta potential and aging. The correlation between Zeta potential and mean globule diameter in 
sodium palmitate emulsions was not, however, as fair as in the case of emulsions prepared with cetyltri
methylammonium bromide. Changes in Zeta potential and viscosity on ageing showed a linear relation 
between them at all temperatures studied, in both the emulsions. Decay in Zeta potential with time at 
higher centrifugal speeds was linear and was dependent on speed of centrifugation. Mean globule diameter 
was linearly increased as Zeta potential was decreased at all centrifugal speeds studied. Emulsifier concen
tration studies revealed that at a critical concentration emulsions possess maximum Zeta potential. 
Maximum Zeta potential was associated with maximum emulsion stability. Possible mechanisms of Zeta 
potential decay at accelerated conditions were explained.

Introduction

Accelerated aging tests, which include storage at elevated temperatures or at higher 
centrifugal speeds are often used in prediction of shelf-life of an emulsion. Changes in 
size frequency, specific interfacial area and viscosity at elevated temperatures revealed 
that thermal effects are greater for some systems than for others and there is no rea 
basis for comparison (1, 2, 3, 4, 5, 6). This shows the limitations of the applicability ol 
the thermal methods towards the accelerated aging tests. As was felt by Wood anc 
Catacalos, (5) even till today no clearly definable relation between temperature and ratf 
of change of parameters used to evaluate emulsion stability, has been worked out 
Similarly the versatile use of analytical ultracentrifuge in the prediction of emulsioi 
stability, has been questioned (7), although it was remarked as an excellent tool (9, 10 
11, 12, 13) for the purpose.

The relevant literature on stress conditions clearly advocates a need for the investiga 
tion of any other parameter, which could be used to evaluate emulsion stability.

The possibility that electrical charge effects may be of significance in stabilizing 
emulsions was recognized at a fairly early date (15). However the surface charge which i 
reflected in the magnitude of Zeta potential was not worked out to any fruitful extent, a

18:
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a quantitative parameter, although its importance in the emulsion stability has been well 
recognized (18, 20, 19, 21, 8, 22, 16). Powis (24) observed, decrease in contact potential 
with time in his emulsions. Davies (25) derived an approximate equation relating surface 
potential with rate of coagulation. Our earlier report (26) has also indicated the correlation 
between Zeta potential and mean globule diameter in emulsions during ageing. Thomas,
M. Riddick (21), showed that Zeta potential can be well correlated with the extent of 
adsorption and desorption of emulgents, at interface for most liquid/liquid systems. 
Jackson & Skauen (27) have indicated the utility of Zeta potential in the predication of 
emulsion stability.

Since the stability of an emulsion is a function of electrical potential at interface, 
measurement of the same in conjunction with other parameters was suggested by Becher
(16). Therefore, the present study was undertaken with a view to investigate the probable 
utility of Zeta potential in the stability prediction of emulsions by means of accelerated 
ageing tests. Efforts were also made to correlate the changes in Zeta potential at accelerated 
conditions to that of the changes taking place simultaneously in mean globule diameter or 
viscosity.

Materials and methods

(i) Refined arachis oil (Postman Brand, India), (ii) Sodium palmitate (BDH), (iii) Cetyl- 
trimethylammonium bromide (BDH), (iv) Distilled water.

Preparation of emulsions. Required amount of emulsifier, aqueous phase and oil was 
mixed and blended for required time as shown in Table 1. Emulsions thus formed were 
allowed to stand for an hour to suppress foam.

Table 1.

Phase volume ratio Emulgent Blending time
S. No. oil : water v/v concentrations in min

I 50 : 50 SP 1 g 
CTAB 0-5 g

5 min

II 50 : 100 SP 1 g 
CTAB 0-5 g

5 min

III 30 : 70 SP or CTAB 
01 g, 0-2 g,
0-4 g, 0-6 g, 
0-8 g and 1 g

2 min

(I) Thermal studies. (II) Centrifugal studies. (III) Emulsifier
concentration studies. (SP = Sodium palmitate. CTAB =Cetyl- 
trimethylammoniumbromide.)

THERMAL STUDIES

3ne hundred ml of emulsions were placed in each of the forty wide mouthed bottles 
ind ten such bottles were stored in each of the four ovens maintained at 30°, 40°, 50° 
tnd 60°C ±  1 °C respectively. The determinations of Zeta potential (ZP), mean globule 
liameter (MGD) and apparent viscosity were carried out at an interval of 12 h for a 
teriod of 120 h. All measurements were performed when the samples attained room 
emperature.
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Zeta potential measurement. Modified Abramson’s flat cell microelectrophoresis apparatus 
was assembled in our laboratory for measuring electrophoretic migration (EM), from 
which Zeta potential (ZP) was calculated using Smoluchowski’s equation (23). Platinum 
electrodes were used and readings were taken at a required e.m.f. ranging from 50-150 v 
maintaining current strength constant throughout the measurements. To obviate opacity 
problems, all emulsions were diluted to 1 in 250 by distilled water. The microelectrophoresis 
cell was rinsed with the diluted sample, prior to its use. Heat dissipation problems into 
cell were minimized by using the lamp only when it was essential. The polarity was 
reversed after every three readings. Depending on the degree of variation of EM value 
in first five readings 65-100 globules were tracked at predetermined stationary level with 
a stop watch having 0T second precision.

Globule size measurement. 1 in 200 dilution of emulsion was performed with a mixture of 
75% v/v propylene glycol +25% v/v distilled water. Three hundred globules were 
measured for their size on a microscope equipped with a standardized eye-piece micro
meter scale. From this data din value was computed.

Viscosity measurement. Viscosity was calculated by treating the rheograms obtained on a 
multipoint instrument (Fischer MacMichael Viscosimeter).

CENTRIFUGAL STUDIES

Emulsions were centrifuged at 12000, 14000 and 16000 rpm for 15, 30, 45 and 60 min 
respectively, on a high speed centrifuge (UNIPAN, made in Poland). The determination 
of Zeta potential and mean globule diameter was carried out from the creamed emulsion 
layer for the controls and samples, following the methods described above.

EMULSIFIER CONCENTRATION STUDIES

In order to study the pattern of decay of Zeta potential in emulsions with varying 
stabilities, emulsions were prepared with six concentrations of each emulsifier as described 
in Table 1. They were screened for the magnitude of initial Zeta potential and changes 
therein after an interval of 24 h for a period of 120 h. All the emulsions were placed in 
wide mouthed bottles and were stored in an oven maintained at 50°C ±1°C.

Results

Figs. 1 and 2 record the changes in Zp with time at various temperatures when plotted 
as log Zp against time in h. Zp decreases with ageing at all elevated temperatures studied 
in two emulsions made with SP or CTAB respectively. Fig. 1 reveals that SP emulsions 
behave differently at elevated temperatures when compared to CTAB emulsions. Rate of 
decay of Zp was found to increase with increase in temperature in both the emulsions. 
But the change in rate of decay of Zp was sharp from 30-40°C in SP emulsions, whereas
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Figure 1. The change in the log of Zp as a function of time in emulsion prepared with SP, stored 
at different temperatures. • ,  30°C; O, 40°C; A , 50°C; + , 60°C.

Figure 2. The change in the log of Zp as a function of time in emulsion prepared with CTAB, 
stored at different temperatures. • ,  30°C; O, 40°C; A , 50°C; + , 60“C.

in CTAB emulsions it was not so sharp. Further changes at 40° to 50°C and 50° to 60°C 
were relatively gradual in both the emulsions. In SP emulsions it was observed that the 
changes in emulsion properties such as MGD or viscosity which are the symptoms of 
gross instability also changed sharply from 30° to 40°C, whereas the further changes from 
40° to 50° and 60°C revealed a slow change. Gradual changes in MGD and viscosity 
were observed in CTAB emulsions.
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Log MGD

Figure 3. The relationship between log of Zp and log MGD in SP emulsions, stored at different 
temperatures, (a) 30°C; (b) 40°C; (c) 50°C; (d) 60°C.

Figure 4. The relationship between log of Zp and log of MGD in CTAB emulsion, stored at 
different temperatures, (a) 30°C; (b) 40°C; (c) 50°C; (d) 60°C.

The Figs. 3 and 4 show the changes in Zp with MGD during thermal ageing for SP 
and CTAB emulsions. Log of Zp and log of MGD bear an inverse relation. The linearity 
between these parameters is not marked in SP emulsions, but fairly good correlation 
was revealed in case of CTAB emulsions. In Fig. 3 the initial Zp and MGD do not fall 
on the best fit lines drawn through the points. This may be due to the drastic effect of 
temperature on the coagulation rate of oil droplets.
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Figure 5. The relationship between log of Zp and log of apparent viscosity in SP emulsion, 
stored at different temperatures, (a) 30°C; (b) 40°C; (c) 50°C; (d) 60°C.

Log apparent viscosity

Figure 6. The relationship between log of Zp and log of apparent viscosity in CTAB emulsion, 
stored at different temperatures, (a) 30°C; (b) 40°C; (c) 50°C; (d) 60°C.

Figs. 5 and 6 reveal that apparent viscosity decreased at all temperatures studied 
with ageing. Log Zp vs log apparent viscosity plots for SP emulsion or CTAB emulsion 
revealed a significant correlation between them. The changes in apparent viscosity can 
be attributed to the changes in mean globule diameter and changes in viscoelastic pro
perties of the interfacial film. Sherman’s reports (28, 29) emphasize that the apparent
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Figure 7. The change in log of Zp as a func
tion of time of centrifugation at different 
centrifugal speeds for the SP emulsion. • ,  
12000 rpm; O, 14000 rpm; + , 16000 rpm.

Figure 8. The change in log of Zp as a 
function of centrifugation time at different 
centrifugal speeds for CTAB emulsion. • ,  
12000 rpm; O, 14000 rpm; + , 16000 rpm. Time in min
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Figure 9. The relation between log ZP and log MGD, when SP emulsion was centrifuged for 
different time intervals at different speeds. • ,  12000 rpm; ■, 14000 rpm; A,  16000 rpm.

Figure 10. The relation between log Zp and log MGD when CTAB emulsion was centrifuged 
for different time intervals at different speeds. • ,  12000 rpm; ■, 14000 rpm; A ,  16000 rpm.





192 Devraj Rambhau et al.

Time in h

Figure 12. The change in Zp as a function of time in emulsions prepared with various concen
trations of SP. ■ -----------■ , 0-4 gml_1x 100; A -------- —A , 0-6 gml_1x 100; ©-----------©,
0-8 gml_1x 100; • -----------• .  1-0 gml_1x 100; O----------- O, 0-2 gml_1x 100; ©-----------©>
0T gml_1x 100.

Figure 13. The change in Zp as a function of time in emulsions prepared with various concen
trations of CTAB. Dotted line indicates oil separation. ■ -----------■, 0-4 gml_1xl00;
A -----------A, 0-6 gm H x 100; ©-----------©, 0-8 gml_1x 100; • ----------- • ,  10 gml_1x 100;
O-----------O, 0-2 gml_1x 100; © -----------©, 0T gml_1x 100.
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at this stage, but one may consider the possibility of its being due to the differences
between the stability behaviour of emulsions prepared with these two emulsifiers. Ob
viously there is need of further work to understand this aspect.

Conclusious

Zp is found to be a linear function of time at accelerated temperatures. Fall of Zp was
always associated with decrease in emulsion stability as indicated by an increase in MGD,
and a decrease in viscosity. There appears to be a rough correlation between Zp and
MGD. A fair correlation was obtained between viscosity and Zp.

Decay in Zp was found to be a function of time at different centrifugal speeds.
Reduction in Zp value during centrifugal ageing was associated with increase in mean
globule diameter. Zp and MGD showed a linear relation between them.

The initial value of Zp was not a linear function of concentration of emulgent. At a
critical concentration of 400 mg (SP or CTAB)/IOO ml emulsion, the emulsions showed
maximum stability, and were also associated with maximum initial Zp. The stability of
CTAB emulsion was a critical function of emulsifier concentration below and above
which emulsions were extremely unstable.

Received 21 April, 1976.
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