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University of London.
1976. 288 pages, 35 illustrations. £9.75
The book is addressed first of all to clinical dermatologists and general physicians 
but should also be of interest and use to research workers in medicine, physiology, 
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requirements in physics and photochemistry are presented briefly and simply.

Contents The basic physics of electromagnetic radiation; Optical and chemical 
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P. D. M if.r a .r .c .s. p h .d . and D. W. K. C otton p h .d . ; both of the Department of 
Dermatology, University of Nijmegen, The Netherlands. Foreword by A. Rook 
m.d . f.r .c .p . 1976. 488 pages, 99 illustrations. £14.50
The book gives an integrated picture of the biology of skin. Its intention is to bring 
together the biologist who is interested in skin but who has no clinical background, 
and the dermatologist who wishes to extend his understanding of skin in molecular 
terms.

Contents Normal skin: orientation, intermediary metabolism, nucleic acids, 
structural proteins, polysaccharides, lipids, vitamins, coenzymes and true elements, 
pigmentation, control processes; Experimental pathology of the skin: orientation, 
chemical trauma, physical trauma, ontogeny; Diseases of the skin: orientation, 
diseases of regular Mendelian inheritance, psoriasis, atopic dermatitis, the ‘non- 
genetie’ dermatoses.

H IST O PA T H O L O G Y  OF TH E SKIN
W. F. Lever m.d ., Professor of Dermatology, Tufts University; and G undula S. 
Lever m.d ., Assistant Professor of Dermatology, Tufts University.
Fifth Edition, 1975. 928 pages, 410 illustrations. Lippincott, £41.60 
In the eight years that have passed since publication of the fourth edition so much 
new information has become available on nearly every major dermatosis that the 
book had to be entirely rewritten. The greatest changes were required in the des
cription of the lymphomas because they have been reclassified in recent years. 
Many changes have been made also in the description of the bullous dermatoses 
and of the metabolic diseases, especially of amyloidosis, colloid milium, hyalinosis 
cutis et mucosae, and porphyria.
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SYNOPSES FOR CARD INDEXES

The following synopses can be cut out and mounted 127 76 mm index cards for
reference without mutilating the pages of the Journal.

Psycho-rheology—the relevance of rheology to consumer acceptance: Jean

V. Boyo. Journal o f .‘he Society o f Cosmetic Chemists 27 247-256 (1976)

Synopsis—The rheological properties commonly found in cosmetic 
materials are discussed. Since they are, in general, shear sensitive visco
elastic materials, the importance of using test conditions (temperature, 
shear rate, etc) relevant to the usage situation is discussed. In order to 
quantify the desirable physical properties in a product, the results of sen
sory and rheological tests have to be correlated. Types of panel test fre
quently used are briefly discussed. A method for pictorially representing 
texture is presented. The use of this texturegram to illustrate a range of 
rheological properties is demonstrated.

Sex attractants in primates: E. Barrington Keverne. Journal o f the Society 
o f Cosmetic Chemists 27 257-269 (1976)
Synopsis—The importance of olfactory communication in sexual attrac
tion among primates is clear from our previous studies, which led to the 
term ‘pheromone’ being used to describe these olfactorily acting attractants. 
It is perhaps debatab e whether such a term, originally defined to explain 
insect behaviour, can now be applied to the complex behaviour of a higher 
primate or man, where responses are not stereotyped. Such olfactory 
stimulants in these primates can produce mounting, masturbation and 
ejaculation, increase grooming behaviour and reduce aggression. More
over, the ingredients in the composition of the stimulant may be added to, 
and produce improvements in the responsiveness of certain males. Since 
both the nature of the stimulants and the type of response produced can be 
varied, this clearly i lustrates the complexity of defining an olfactory 
response in these higher primates.
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Evaluation of flavours i i  dental creams: E. Baines. Journal o f the Society o f 
Cosmetic Chemists 27 271-287 (1976)
Synopsis—One of the most important features of a dental cream is its 
flavour. Consumer tesis show the close relationship of overall preference 
with flavour attributes.

Evaluation methods can be of different types depending on which aspect 
of flavour is being examined. Any convenient panel can be used to deter
mine whether two flavours are noticeably different.

Detailed flavour descriptions can be obtained using flavour profile 
panels. In the classic form such panels require screening and training of 
their members so as to render them expert.

These restrictions can be considerably relaxed, however, if the delphi 
technique is used to elicit an accurate consensus of opinion from the panel. 
Flavour descriptions can also be obtained by use of the panels of 20-30 
members awarding ratings over a limited number of flavour questions. 
Results of such panels can be subjected to more elaborate methods of 
statistical analysis, such as analysis of variance and regression analysis, 
provided that the flavours tested conform to a carefully planned experi
mental design.

Panels intended to test the acceptability of flavours must be large and as 
representative as possible of the toothpaste using population.

The chemistry of human hair cuticle—III: The isolation and amino acid 
analysis of various subfractions of the cuticle obtained by pronase and trypsin 
digestion: J. A. Swift and B. Bews. Journal o f the Society o f Cosmetic 
Chemists 27 289-300 (1976)
Synopsis—The course of digestion of human hair cuticle by pronase and 
trypsin has been followed both gravimetrically and by the electron micro
scope examination of digested hair sections. This has permitted the identi
fication of three subfrac :ions of the hair endocuticle. The significance of the 
amino acid analyses is discussed.
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Psycho-rheology —  the relevance of 
rheology to consumer acceptance

JEAN V. BOYD*

Presented at the Symposium on ‘A Sensory Approach to 
Cosmetic Science' organized by the Society o f Cosmetic 
Chemists of Great Britain at Manchester on 7-9th April 1975

Synopsis—The RHEOLOGICAL properties commonly found in COSMETIC materials are 
discussed. Since they are in general, SHEAR sensitive VISCOELASTIC materials, the impor
tance of using test conditions (temperature, shear rate, etc) relevant to the usage situation is 
discussed. In order to quantify the desirable physical properties in a product, the results of 
SENSORY and rheological tests have to be correlated. Types of PANEL test frequently used 
are briefly discussed. A method for pictorially representing TEXTURE is presented. The use 
of this TEXTUREGRAM to illustrate a range of rheological properties is demonstrated.

Introduction

Cosmetics have been used by men and women the world over since 
earliest times. Early cosmetics consisted largely of the natural oils, sesame 
olive and almond, rendered fragrant with extracts of herbs and flowers. 
The earliest records on the use of cosmetics come from Ancient Egypt, 
where kings were buried surrounded by the luxuries of life. The tomb of 
Tutankhamun, who ruled in around 1350 bc, contained 50 alabaster vases, 
many of them exquisitely carved; they would have contained 400 1. of 
fragrant oils, had it not been stolen by thieves.

In 1770 a bill was introduced into the British Parliament (1) saying that 
‘All women . . . that shall impose upon, seduce, and betray into matrimony

* Mars Foods Limited, c/o Doriay Foods, Hansa Road, King’s Lynn, Norfolk.
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any o f  h is M ajesty ’s subjects b y  m ean s o f  the scen ts, pa in ts, cosm etic  w ashes, 
artificial teeth , fa lse hair, S panish  w o o l, iron  stays, h o o p s, h igh-heeled  
sh o es or b o lstered  h ips, sh a ll in cu r the p en a lty  o f  the law  in  force again st  
w itch craft an d  lik e m isd em ean ou rs, and th a t m arriage, u p o n  co n v ic tio n , 
sh a ll stand  n u ll and  v o id ’. A  sim ilar A ct w as p assed  in  A m erica  in  1770. 
T h e au th or is unaw are w hether th e A ct has ever b een  repealed!

W e can  con clu d e that a great d eal o f  tim e and expertise h ave b een  
d evoted  to  the art and scien ce o f  cosm etic  form u la tion  for several hundred  
years. In  th is century m an y new  and im p roved  raw m aterials h ave b een  
in trodu ced , w h ile  m an y, som e o f  them  h igh ly  tox ic , have d isappeared . T h e  
very size o f  the b u sin ess has rendered it im perative that it b e put on  a m uch  
m ore scientific b asis than  that o n  w hich  it h ad  ex isted  for  so  lon g .

C osm etics to d a y  co n sist  o f  o ils , gels, em u lsion s, su sp en sion s, or a c o m 
b in a tion  o f  th e la st three. P hysica l form s range through  so lid s, pastes, 
cream s, gels, lo t io n s  and liq u ids. T h ey  w ill u sually  con ta in  th ick en in g  
a n d /o r  stab ilizing  agents. H en ce they  sh ow  com p lica ted  rh eo log ica l p ro 
perties.

It is  the fu n ction  o f  the cosm etic  rh eo log ist to  quan tify  the physical 
properties so that a set o f  num bers are availab le w hich  are related  to  w hat 
the con su m er w ill see and feel w hen  he or she b uys and uses the p rod uct. 
T o  be useful the num bers m u st relate to  the co n d itio n s o f  use.

Types of rheological test

T h e p hysica l co n d itio n s  w hich  are im p ortan t in  a d escrip tion  o f  a p ro 
duct are the stress lik ely  to  be ap plied , th e rate at w hich  it w ill b e applied , 
and the tem perature during use or storage. E very p rod u ct w ill h ave a un iq ue  
set o f  num bers d escrib ing its p hysica l properties, and each type o f  p rod uct  
a typ ica l set.

Shear stress-shear rate data

P ractically  all cosm etics h ave on e property  in  c o m m o n ; they are shear  
sensitive, i.e . they break  d ow n  w hen  d isturbed. T h is break d ow n  is ch arac
terized by the i- y  (shear stress-sh ear rate) d iagram . S om e typ ica l curves  
are sh ow n  in Fig. 1. Fig. 1(a) describes a sim ple N ew to n ia n  fluid— n o t lik ely  
to  be en cou n tered  by m an y  cosm etic  rh eo log ists. Fig. 1(b) describes a n on -  
N ew to n ia n  fluid w ith ou t a yield  stress, a lso  u n co m m o n  in cosm etics. 
Fig. 1(c) describes a fluid w here the yield  stress is a very im p ortan t factor,
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Figure 1. Typical shear stress-shear rate curves, (a) For a Newtonian liquid, 
(b) For a non-Newto«ian liquid without a yield stress, (c) For a fluid where 
the yield stress is a very important factor, (d) For a fluid where the yield stress 

is present but not very important.

and Fig. 1(d) a  fluid w here a y ie ld  stress is present but n o t very im 
portant.

T h e shear stress-sh ear rate d iagram  can  be used  to  answ er fou r q u estion s, 
n am ely

H o w  w ill the p roduct appear in  the con ta in er, w hen  it m ay  be tilted , 
p rod ded  or gen tly  shaken?
H o w  w ill it stand  up to  transport and storage?
H o w  w ill it transfer from  the con ta in er to  its use situ ation ?
H o w  w ill its p rop erties ch an ge and at w hat rate w hen  th e p rod uct  
is used?
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T he in itia l im p ress io n
This is very important to the saleability of any product. A shear rate of 

50-100 s_1 corresponds to that which the product would suffer when tilted, 
gently shaken or prodded. At this shear rate a measured viscosity of less 
than 100 cp would be easily pourable; as the viscosity increased the product 
would become gradually stiffer until at 1000 cp it would appear solid under 
these conditions. The importance of looking at the viscosity at the appro
priate shear rate is obvious from F ig . 1 (c). Some products appear solid at 
low shear rates but liquid at high ones.
S to r a g e  a n d  tra n sp o r t p r o p e r t ie s

Since cosmetics will often be stored for several months or even years 
before use, it is important that they are stable. This simply means that the 
physical properties chosen as being of importance to acceptability must 
remain within some specified limits during the expected lifetime of the pro
duct. The acceptable limits are defined by sensory evaluation. It must be 
ascertained by physical testing whether a product can stand up to the shear
ing it will receive in transport so that a product arrives on the shelf in a 
suitable condition. This does not apply of course to thixotropic products 
since they regain all their original structure when allowed to rest after 
shearing.

T h e im p ress io n  on re m o v in g  f r o m  th e  co n ta in er

The yield stress has an important influence on the way in which a pro
duct will leave the container. Its position on the i - y  diagram defines at 
what stage of usage (at what shear rate) breakdown will occur, how much 
force is needed (what shear stress) to initiate breakdown, and how much 
of the total structure is destroyed when the yield stress is exceeded. A simple 
example illustrates its importance. When the end is removed from a tooth
paste tube the paste must not run out; it must be held in place by its yield 
stress. The pressure needed to exceed the yield stress must be reasonably 
low, otherwise either the tube would burst or the sink would be full of 
toothpaste! When the yield stress has been exceeded the product must still 
retain most of its structure, so that it will remain intact on the brush and 
not drip off before it can be used. Given these requirements it is possible 
to predict the shape of a toothpaste flow curve without knowing any of the 
numerical values.

Yield properties are varied by the dispersed phase concentration and 
the types and amounts of stabilizers used. Some gums and gelling agents 
give non-recoverable breakdown at low shear stresses, while clays can
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Figure 2. Representation of shear properties as a function of shear rate and
temperature.

show a much more drastic but completely recoverable breakdown, giving 
a thixotropic product.

P r o p e r t ie s  d u rin g  u se

A cream, for example is spread onto the skin at a shear rate of around 
1000 s_1. The degree and rate of breakdown under these conditions depend 
on the shear properties at this shear rate. The thermal properties also 
become very important, and all data must be considered as a function of 
both shear rate and temperature. It is possible to represent this behaviour 
on a 3-dimensional diagram of shear stress-shear rate-temperature (F ig . 2 ) .

E la s tic  p r o p e r t ie s

Most cosmetics show viscoelasticity. It is a natural property of emul
sions and suspensions at sufficiently high disperse phase concentrations. 
It is increased by the long chain molecules of the gums and other thickeners 
used, and by the various clays, all of which build up their own 3-dimensional 
network structures. The firmness of a product in the container can be 
described by its rigidity modulus at small strains (i.e. within the Hookean 
region). A product with a modulus of 102 mrr2 or less will look like an 
elastic liquid, e.g. some hair setting lotions. A modulus of from 103 to 105
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describes a product which is moving from ‘soft’ to ‘firm’ to the touch. A 
modulus of 106 or over would indicate a hard substance not suitable for 
many cosmetic applications other than various types of pencils. These 
values provide an order-of-magnitude indication of the information to be 
gained from the measurement of a single physical property; in practice the 
perceived texture of a product results from a combination of several 
different properties.

The pictorial representation of texture

Rheological properties of general importance for cosmetics are viscosity, 
rigidity and yield behaviour, and their dependence on shear rate, age and 
temperature. Of less general importance but nevertheless very important to 
individual products are such properties as greasiness, tensile strength, 
stickiness (or the lack of it), brittleness and surface tension. It would be 
very convenient to be able to represent all these properties on one texture- 
gram. However, it would have so many dimensions as to be impossible to 
understand, even if it could be drawn.

Using just three variables it is possible to represent a wide range of 
textures on one diagram. Fig. 2 shows how the properties during use of 
creams can be displayed on a i - y - T  diagram. Three other useful variables 
are viscosity, elastic modulus and the degree of quickly recoverable strain. 
The latter property eliminates thixotropic products from the display. Con
sider a material with a modulus of 5 x 105 mrr2 and a viscosity of 104 cp, 
something like the values to be expected for a slightly under-ripe banana. 
If it had a quickly recoverable strain of 50% it could be compressed to 
half its original thickness, and regain its former shape as soon as the stress 
was removed. This product would be described as rubbery to the touch. If 
it could only recover from a strain of 2%, breaking up if this strain were 
exceeded, it would be described as brittle. Similarly, a product with a low 
elastic modulus, say 102 nrrr2, medium viscosity, say 102 cp, and a fairly 
high recoverable strain, say 50%, would feel slimy to the touch. These three 
textures are plotted on the texturegram in Fig. 3. It must be remembered 
that when specifying viscosities and elastic moduli, the conditions of 
measurement must correspond to those in the application being considered. 
Various other textures can be represented on this diagram, for example 
hard, firm, soft and brittle solids, pourable, non-pourable and elastic 
liquids. Some of these are shown in Fig. 4.
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Figure 3. The pictorial representation of texture using a viscosity, elasticity, 
per cent of quickly recoverable strain diagram.

Specification of desirable rheological properties

Having set up methods for describing the texture of a product by means 
of a set of numbers, the r optimum values must be established, and the 
allowable deviations from the optimum which do not diminish the product’s 
acceptibility. Sensory evaluation of the products and correlation of these 
results with the results of physical tests is the route to this goal.

Setting u p  a panel

In selecting a panel there are two choices as to the type of personnel to 
be used; they may be non-expert, typical consumers, or a trained, expert 
group. The panel chosen will depend on availability, time and cost con
siderations, but also on the use to be made of the data. The objectives are, 
the following,

(i) To establish that a panel of judges can assess the physical properties 
to be measured.
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Figure 4. The pictorial representation of hard, firm, soft and pourable
materials.

(ii) Having completed (i) above, to use the panel to determine the 
optimum for each physical property, and the acceptable limits of 
variation for each one.

It sounds very simple. In fact it is a little more difficult than it sounds, 
because of the large variation in sensory judgments between people. It is 
never possible to obtain an absolute answer from a sensory test. The best 
that can be achieved is a result which is ‘statistically significant’, at the 5%, 
1%, or possibly even 0.1% confidence level, depending on the number of 
people used on the panel, and how consistent they are in their judgments.

It should be obvious from the preceding paragraph that a well-trained 
panel, carefully selected for their sensitivity, reproducibility and interest in 
participation will take much longer to set up but provide much more 
valuable information, and at a greater rate, once established.

T ypes of panel test

The organization of panel tests, and the coding and presentation of
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sam ples is described  in  (2). T yp es o f  test and their u sefu lness are sum m arized  
b elow .

The triangle test

Subjects are g iven  three co d ed  sam ples, on e o f  w hich  is d ifferent from  
the other tw o . T h ey  h ave to  se lect th e od d  o n e  ou t. T h is type o f  test is 
u sefu l to  estab lish  a  p a n e l’s sensitiv ity , or th resh o ld s, and  to  define a range  
o f  p h ysica lly  m easu rab le d ifferences in  a p rod u ct w hich  ca n n o t be per
ce ived  b y  th e panel.

Scoring m ethods

Several d ifferent w ays ex ist fo r  scorin g, or ranking sam ples for  a 
particu lar p roperty , e.g .

S coring  several sam ples togeth er on  a su bd iv id ed  scale, w ith  standard  
sam ples p rovid ed  far  reference.
A s a ratio  o f  tw o  sam ples, a trial sam ple again st a reference standard. 
B y ‘paired  co m p a riso n ’ tests, estab lish in g  w hich  o f  a pair is greater  
in  any ch osen  p roperty , b ut n o t a ssign in g  any m agn itu d e to  the  
difference.
Scoring  d irectly  on  a fam iliar scale w ith o u t reference to  standards  
excep t from  tim e to  tim e. T h is m ay  be u sefu l for  a w ell-tra ined  panel 
on ly .

W hichever m eth od s are u sed , it is a lw ays necessary to  an alyse the resu lts  
statistica lly . A n a lysis  o f  variance (3) estab lish es w heth er there are sign ificant  
differences either b etw een  th e  p rod u cts or b etw een  the panellists, and  h ow  
great the sign ificance is. S caling m eth od s h ave b een  used  very ex ten sively  
b y S zczesn iak  (4) to  estab lish  correlations b etw een  fo o d  textural properties  
and in stru m ental m easurem ents. S om e g o o d  correlations h ave b een  re
p orted . O ther p eop le  h ave carried o u t sim ilar w ork  (5). T h e techn iqu es  
w hich  have been  ap p lied  to  fo o d s  are eq u a lly  ap p licab le  to  cosm etics. O n ly  
th e rh eo log ica l p rop erties o f  im p ortan ce w ill b e  changed .

Conclusions

C osm etics sh ow  com p lica ted  rh eo log ica l properties, b u t their textures  
can  b e described , in  th e various u sage situ a tion s, b y  th e th e correct ch o ice  
o f  a few  im p ortan t properties. T h ese p rop erties, as m easured  in stru m entally ,
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can  be correlated  w ith  sensory eva lu a tion  o f  the sam e p rop erties, thus 
en ab lin g  op tim u m  properties to  b e specified  a lo n g  w ith  accep tab le d ep ar
tures from  the op tim u m . H a v in g  estab lish ed  these q uan tities, an invariab le  
standard is then ava ilab le for use in  n ew  p rod uct d esign  and as a quality  
con tro l to o l.

(Received: 10th February 1975)
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Sex attractants in primates
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S y n o p sis— T h e  im p o r ta n c e  o f  O L F A C T O R Y  c o m m u n ic a t io n  in  S E X U A L  A T T R A C T I O N  
a m o n g  p r im a te s  is c le a r  f ro m  o u r  p re v io u s  s tu d ie s , w h ic h  le d  to  th e  te r m  ‘P H E R O M O N E ’ b e in g  
u se d  to  d e s c rib e  th e s e  o lfa c to r i ly  a c t in g  A T T R A C T A N T S . I t  is  p e r h a p s  d e b a ta b le  w h e th e r  
s u c h  a  te r m , o r ig in a lly  d e f in e d  to  e x p la in  in se c t b e h a v io u r ,  c a n  n o w  b e  a p p l ie d  to  th e  c o m p le x  
b e h a v io u r  o f  a  h ig h e r  P R I M A T E  o r  m a n , w h e re  re s p o n s e s  a r e  n o t  s te re o ty p e d . S u c h  o lf a c to ry  
s t im u la n ts  in  th e s e  p r im a te s  c a n  p ro d u c e  m o u n t in g ,  m a s tu r b a t io n  a n d  e ja c u la t io n , in c re a se  
g r o o m in g  b e h a v io u r  a n d  r e d u c e  a g g re ss io n . M o re o v e r ,  th e  in g re d ie n ts  in  th e  c o m p o s it io n  o f  
th e  s t im u la n t  m a y  be  a d d e d  to ,  a n d  p r o d u c e  im p ro v e m e n ts  in  th e  re sp o n s iv e n e ss  o f  c e r ta in  
m a le s . S in c e  b o th  th e  n a tu r e  o f  th e  s t im u la n ts  a n d  th e  ty p e  o f  r e s p o n s e  p r o d u c e d  c a n  b e  v a r ie d , 
th is  c le a r ly  i l lu s tr a te s  th e  c o m p le x r ty  o f  d e f in in g  a n  o lf a c to ry  re s p o n s e  in  th e s e  h ig h e r  p r im a te s .

Among the primates, communication of female sexual attractiveness 
appears to involve olfactory mechanisms, and a number of field and 
laboratory studies have observed sniffing of the female’s genital region 
prior to copulatorv behavrour. This is particularly true of the macaques 
where Carpenter (4) first observed that the vaginal overflow of the rhesus 
monkey possessed a characteristic odour which he thought might provide 
additional stimuli attracting males to females. Jay (7) perceived a strong 
smelling vaginal discharge in toque macaques, Macaca sinica, and observed 
males to examine the geni:alia of females in the group each day. Bonnet 
macaques, Macaca radiata, have rarely been seen to present for copulation 
unless solicitated by the male (14). This involved flipping the tail aside, 
olfactory examination of the genitalia, and on occasions, insertion of the
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finger into the vagina followed by smelling and tasting of the secretion (13). 
In the pigtail macaque, Macaca nemestrina, the male displayed the Flehmen 
posture following olfactory inspection of the female’s genitalia (6). In the 
stumptail macaque, Macaca arctoides, sniffing, fingering and licking of the 
perineal region occurs following female presentation (2) and prior to copula
tion (3). Although olfactory cues from the urine of receptive females are 
not ruled out, it would appear from these observations that in the macaques, 
communication of sexual status is by way of vaginal secretions.

To test this proposition use was made of operant conditioning tech
niques, in which male rhesus monkeys were required to press a lever in 
order to raise a partition which physically separated them from a female 
partner, but through which they could both see and smell the partner. 
Males had to work with some dedication, pressing the lever 250 times to 
gain access to the female. They regularly responded for ovariectomized 
partners treated with oestrogen, but rarely performed when faced with 
untreated ovariectomized females (9). Temporarily depriving these males 
of their sense of smell did not markedly affect either their pressing for or 
behaviour with the oestrogen-treated females; these females were presum
ably remembered as being attractive because of previously rewarding sexual 
experiences with them. However, the temporarily anosmic male failed to 
respond for unfamiliar ovariectomized females after these females were 
administered oestrogen, and shown to be sexually stimulating to normal 
males.

When the olfactorily deprived males had their sense of smell restored 
they readily began pressing for access to these females. That is to say, 
anosmia did not impair males’ sexual arousal and sexual activity with 
familiar oestrogenized females, but anosmic males were not able to detect 
the onset of attractiveness which oestrogen promoted in their unfamiliar 
partners. These results were consistent with the hypothesis that oestrogen
ized female rhesus monkeys produced substances which stimulated the 
sexual interest of their partners via the olfactory sense.

The preoccupation of males with the female’s genital region suggested 
this might be an obvious place at which to start looking for male sex 
attractants. We therefore studied the effects on male behaviour of trans
ferring vaginal secretions from oestrogenized ‘donor’ monkeys to ovariec
tomized, unattractive ‘recipient’ partners. Application of vaginal secretions 
to the sexual skin area of recipients, which were themselves quite unrecep- 
tive to males, nevertheless resulted in a marked stimulation of the male 
partner’s sexual activity (10). Oestrogen-primed vaginal secretions have
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now been applied to the sexual skin area of ovariectomized recipient rhesus 
monkeys on 249 separate occasions, and a 1 h behaviour test observed 
on each occasion in an acoustically isolated testing booth housed behind a 
one-way screen. These tests involved 11 pairs of animals and the secretions 
significantly increased the male partners’ sexual behaviour above pre
treatment periods when only control substances were applied (Fig. 1). In

Pre-treatment reatment Pre-treatment Treatment

Figure 1. E ffec ts  o f  a p p ly in g  v a g in a l s e c re tio n s  f ro m  o e s tro g e n iz e d  ‘d o n o r ’ 
fe m a le s  to  th e  se x u a l s k in  a r e a  o f  o v a r ie c to m iz e d  ‘r e c ip ie n t’ o n  th e  se x u a l 
s t im u la t io n  o f  m a le s . D a ta  f o r  11 p a ir s  in v o lv in g  five m a le s , five fem a le s  a n d

five d o n o r s .

the pre-treatment period eight ejaculations were recorded in 200 tests and 
these increased to 139 during 249 tests when vaginal secretions were smeared 
on the sexual skin of unreceptive recipients (C2 = 96.04, P 0.001). Of even 
greater significance was the increase in male mounting attempts from 174 
during the pre-treatment period to 2292 during applications to the same 
female partners. This high number of mounting attempts with few ejacula
tions was an indication of the unreceptive condition of the ovariectomized 
recipients, and clearly demonstrates the males’ increased sexual interest in 
these pheromone treated females.

To determine the chemical nature of the substances in vaginal secretions 
responsible for these powerful behavioural effects, extraction and fractiona
tion procedures were used in conjunction with behavioural assay methods.
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The early stages of this procedure involved the use of ether extracts of 
secretions, collected by lavage with water from oestrogen-treated donor 
females (8). Ovariectomized rhesus monkeys were again the recipients for 
these extracts and the very low levels of sexual activity during the pre
treatment period was in marked contrast to the high levels seen during the 
applications of ether extracts. A gas chromatographic comparison of ether 
extracts of the vaginal secretion from ovariectomized untreated females 
indicated that the amounts of volatile components were absent or low, 
while oestrogen treatment stimulated production of volatile components 
and improved the sex attractant properties of vaginal secretions (11). 
Identification of these volatile components was obtained by preparative gas 
chromatography and mass spectrometry (5). The resultant mass spectra 
were compared with authentic samples, and established the identification 
of the first five peaks as acetic, proprionic, isobutyric, butyric and isovaleric 
acids. A mixture of authentic acids was made up to match their concentra
tion in a pool of vaginal washings, and a small sample of this mixture when 
tested for behavioural activity was demonstrated to possess sex attractant 
properties (Fig. 2).

The effectiveness of these pheromones in stimulating sexual behaviour 
in the rhesus monkey does, however, vary according to social conditions: 
with some partners and in certain tests no sexual stimulation occurs. As 
more males are tested it is becoming evident that the response to pheromones 
varies between individuals and is also dependent in part upon the female 
partner with which they are paired. When the behavioural effects of fresh 
vaginal secretions and a synthetic mixture of their acid content were com
pared in the same nine pairs of animals, vaginal secretions appeared to be 
more effective in stimulating the male’s sexual behaviour (Fig. 3). Although 
both vaginal secretions and the synthetic pheromone complex stimulated 
male sexual activity at significantly higher levels than in the pre-treatment 
tests, vaginal secretions were effective in 59% of applications compared 
with only 35% effectiveness of the synthetic acid mixture. Moreover, vaginal 
secretions stimulated 452 male mounting attempts compared with only 257 
during application of synthetic pheromone to the same female partners 
(t = 2.39; PcO.02).

This lower proportion of effective tests during applications of the 
synthetic pheromone is due to its failure to stimulate mounting behaviour 
in certain pairs (Fig. 4). The relative effectiveness of untreated vaginal 
secretions and the synthetic acid mixture varied with the male partners from 
100% in the case of male 113 to 45% success with male 68. With males 113
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Figure 2. S e x u a l s t im u la t io n  o f  m a le  rh e s u s  m o n k e y s  d u r in g  t r e a tm e n t  o f  
th e ir  fe m a le  p a r tn e r s  w ith  a  s y n th e tic  m ix tu re  o f  a l ip h a t ic  a c id s  a p p l ie d  to  
th e ir  s e x u a l sk in  a r e a . 3 ,  te s t  w ith o u t  e ja c u la t io n ;  •  E , o n e  e ja c u la t io n  in  

th e  te s :. •  2 E , tw o  e ja c u la t io n s  in  th e  te s t.

and 41, acids and vaginal secretions were equally effective and this was also 
the case with females 71, 78 and 74, although with female 74 they were 
equally ineffective (Fig. 4). With male 67 and 68, the synthetic acid mixture 
was approximately half as effective as the fresh secretion. This was due to 
these males being paired for some of their tests with female 76 where, 
although secretions have stimulated sexual activity in 52% of tests, the acid 
mixture has always been ineffective.

Thus it can be seen that the male’s response to olfactory attractants 
varies between individuals and is also, in part, dependent on the female 
partner with which they are paired. Whereas some females readily evoke a 
sexual response from the male, others when treated in the same manner 
fail to do so. Hence, the response to pheromones in these highly-evolved 
social primates is not stereotyped. Furthermore, it can be seen that for cer
tain pairs, the synthetic acid mixture is not as effective in stimulating the
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treatment treatment treatment

Figure 3. C o m p a r is o n  o f  th e  e ffe c tiv e n ess  o f  v a g in a l s e c re tio n s  a n d  s y n th e tic  
p h e r o m o n e s  o n  th e  se x u a l b e h a v io u r  o f  m a le  r h e s u s  m o n k e y s . T re a tm e n t  
u s in g  b o th  m e th o d s  p r o d u c e d  a  s ig n if ic a n t re s p o n s e , b u t  v a g in a l s e c re tio n s  

w e re  m o re  e ffec tiv e  th a n  s y n th e tic  p h e ro m o n e .

males’ sexual activity as the original vaginal secretions. This could mean 
there is a component in untreated secretions that is lacking in the synthetic 
mixture.

Phenylpropanoic (PPA) and parahydroxyphenylpropanoic acids (HPPA) 
are both odorous compounds identified in the rhesus monkey’s vaginal 
secretion, but are quite ineffective in stimulating male sexual activity when 
applied alone to the sexual skin area of an ovariectomized female partner. 
By addition of PPA and HPPA to the synthetic acid mixture an enhance
ment of the effectiveness of synthetic pheromone has been obtained (Fig. 5). 
Sexual interactions were shown by the male in more tests (65%) than when 
just synthetic mixture of acids alone were applied (37% of tests). The 
mixture containing enhancers was almost as effective as the untreated 
vaginal secretions (70% of tests), although the amount of sexual behaviour 
stimulated was not so high. Untreated vaginal secretions when applied to 
the sexual skin of ovariectomized females in this test series stimulated 252
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Male 41 67 68

□ Vaginal secretions ;
m

Synthetic pheromones

Figure 4. V a r ia b i l i ty  ir_ th e  re s p o n s e  o f  d if fe re n t m a le s  t o  v a g in a l a n d  sy n 
th e t ic  p h e r o m o n e s  a n c  th e ir  r e la tiv e  e ffe c tiv e n ess  w h e n  a p p l ie d  to  d if fe re n t

fe m a le  p a r tn e rs .

Vaginal secretions; Synthetic pheromones; [SS] Synthetic pheromones+ PPA and HPPA

Figure 5. Im p ro v e m e n t  in  th e  e ffe c tiv e n ess  o f  s y n th e tic  p h e r o m o n e s  w h e n  
p h e n y lp ro p a n o ic  a n d  p a r a h y d r o x y p h e n y lp ro p a n o ic  a c id s  a r e  a d d e d .



264 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

male mounting attempts and 15 ejaculations compared with 123 mounting 
attempts (t= 1.6, P ns) and 9 ejaculations (x2 = 0.82; P ns) during 20 tests 
when the synthetic mixture plus enhancers was applied.

From these results there is an indication that these phenolic components 
have an enhancing effect on the sexual stimulating properties of the synthetic 
pheromones. Nevertheless, it remains true that in some pairs the simple acid 
mixture appears to be completely effective. It is my opinion that the odour 
of the oestrus vaginal secretion is the true attractant and the acid mixture, 
mimicking the most odorous of the components, can in certain cases act as 
sufficient stimulus for some males. Others require additional volatile com
ponents such as PPA and HPPA, while still others require the whole un
treated oestrous vaginal secretion. Hence, the odour cue is in itself complex.

Moreover, the source of the odour cue does not appear to be either 
glandular or an exudate through the vaginal wall, but microbial action plays 
an important part in producing the odours in the vaginal secretions, since 
aliphatic acid concentrations increase during incubation of the vaginal 
lavage, while autoclaving or the addition of penicillin prevents production 
of these fatty acids (12). It seems probable, therefore, that the production 
of these acidic pheromones depends upon the bacteria of the vagina, and 
that the ovarian hormones exert their influence on acid production in the 
intact animal by determining the availability of nutrients in the form of 
cornified cells and mucus.

An additional complication is to be found in the plasticity in the be
havioural response of the male to the odour cue. It has already been shown 
that this can be modified by a partner preference, but perhaps of even more 
interest is the different behaviours which these odour cues can sitmulate. 
The variability of the male’s behavioural response to the same odour cue 
with different female partners is shown in Fig. 6. With the pairs 67, 76; 
41, 71; and 68, 71, oestrogen primed vaginal secretions markedly sitmulated 
male sexual activity. With the pairs 67, 78; 41, 79; 68, 78, an increase was 
produced in the social responsiveness of the male and he was prepared to 
groom his female partner for longer, although no sitmulation of sexual 
activity occurred. With the pairs 67, 74; 41, 79; 68, 78, no stimulation of 
sexual activity occurred during the treatment with pheromone, but a marked 
reduction was observed in each male’s aggressive behaviour towards his 
partner. It could be argued that we are dealing with more than one odour 
cue, and the vaginal secretion contains a grooming stimulant, and an 
aggression reducing pheromone, in addition to the sex attractant. My own 
feeling is that the coding for the behavioural response is not restricted to
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Sexual behaviour

Male 4

/V  = 9

Grooming behaviour

Aggressive behaviojr I 1 Threat

Figure 6. In c re a s e s  in  s e x u a l b e h a v io u r  o r  g r o o m in g  b e h a v io u r  o r  th e  r e d u c 
t io n  o f  a g g re ss io n  b y  a p p l ic a t io n s  o f  p h e r o m o n e  b u t  d e p e n d in g  o n  th e  fe m a le  
p a r tn e r .  T h o s e  p a ir s  m a r k e d  w ith  a n  a s te r is k  h a d  e th e r  e x tr a c ts  o f  v a g in a l 

s e c re tio n s  a p p lie d .
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the olfactory cue, but is integrated in higher areas of the neocortex. This 
opinion is reinforced by the variability in the male’s response both to ether 
extracts of secretions (Fig. 6, those pairs marked with an asterisk), and in 
some cases to the synthetic acid mixture itself, which clearly rules out 
different odour cues.

It is most important that this lack of a stereotyped response is empha
sized in this highly evolved social primate, particularly if consideration is 
to be given to the human situation and a search for human pheromones 
started. These aliphatic acids are present in human vaginal secretions (12) 
and the human male can distinguish variance in these odours between the 
phases of the menstrual cycle of the rhesus monkey. This does not, however, 
imply any causal relationship between these odour cues and the sexual 
behaviour of the human male. If we are to consider the complexity and 
plasticity in the response of the male rhesus monkey, then the further social 
and cultural evolution of man may make the search for an olfactory 
aphrodisiac with sexual releasing properties a fruitless task. Indeed, it may 
be argued that stimulation or provocation by female odours could be dis
ruptive to our social order, and perhaps this is why we take such pains to 
disguise our body odours. This is not to say that these odours play no part 
in human sexual behaviour, but to give them significance at the level of 
sex attractants underestimates the complexity of human behaviour. What 
then might be the effect of these odour cues in human behaviour? Fig. 7 
shows data which has been extracted from a number of experiments which 
I feel has some bearing on the kind of level these odour cues might be seen 
to act on the human. Following withdrawal of the sex attractant from the 
female partner, males usually lose sexual interest in the female and make 
no further mounts, but occasionally (Fig. 7(a) and (b)) males maintain their 
sexual arousal and, paradoxically, show increased mounting and thrusting 
prior to a loss of sexual interest. Moreover, if the oestrogenized female donor 
is given progesterone, her vaginal secretions lose their sexual stimulating 
properties when applied to the recipient. However, prior to the male’s loss 
of sexual interest there is a marked increase in the male’s mounting and 
thrusting (Fig. 7(c)). Since the only change in all these experiments is the 
odour of the female partner, I interpret this increased mounting behaviour 
as an increase in male sexual performance to compensate for the odour 
deficit of the female partner; that is, an increase in tactile input compensat
ing for decreases in another sensory cue, namely olfactory. Similarly, 
following reversal of anosmia there may be an increase in male ejaculations 
with no marked increase in mounting (Fig. 7(d)). Here the introduction of
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Figure  7-. C h a n g e s  in  th e  se x u a l p e r fo r m a n c e  (m o u n tin g  p a t te r n s )  o f  m a le  
r h e s u s  m o n k e y s  fo llo w in g  o d o u r  c h a n g e s  o f  th e ir  fe m a le  p a r tn e r .

the olfactory sense with an attractive female initially improves the sexual 
performance of the male, and briefly increases his ejaculatory score.

It would appear from these results that at least two separate neural 
pathways are involved in the integration of olfactory cues. It is possible 
that sexual atrraction involving releaser pheromones is brought about via 
olfactory connections to the pyriform cortex and other cortical regions
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before passing on to the limbic system via the amygdala and medial fore
brain bundle to the hypothalamus. This I envisage as serving a filtering 
function, with the cortex analogous to a computer incorporating certain 
‘go’ and ‘no go’ programmes. As we have already seen, the rhesus monkey’s 
behaviour incorporates a number of ‘no go’ programmes, as for example the 
modifying effects of partner preferences, past experiences with certain 
females, and the presence of other males, etc. If we consider the human with 
infinitely complex behaviour patterns involving traditions, rituals, religions 
and past experiences, there are many variables which might constitute ‘no 
go’ programmes, making it pointless to look for any overt behavioural 
response. If, on the other hand, we consider sexual performance (as in Fig. 7 
for the rhesus monkeys) it is possible that a more direct neural input to 
the hypothalamus is involved, possibly monosynaptic or probably involving 
only a few synapses. This I see as being analogous to tactile input as in 
genital stimulation (1), with the hypothalamus serving as an area of integra
tion, while the threshold for response is modulated by hormonal status.

In conclusion, olfactory cues are of importance in the sexual behaviour 
of the male rhesus monkey but the behavioural response is far from stereo
typed. This presents obvious problems when considering an attractant role 
for such odours in the human where social and cultural determinants of 
behaviour are even more complex. I would like to suggest that an alternative 
approach for the human might be in considering a role for these odours in 
sexual performance. This could be analysed objectively, and is less likely 
to be influenced by cultural variables.

{Received: 31st December 1974)
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Evaluation of flavours in dental 
creams

ERIC BAINES*

P resen ted  a t  the Sym p o siu m  on ‘A  S ensory  Approach to 
C osm etic Sc ience ' organized  b y  the So c ie ty  o f  C osm etic  
C hem ists o f  G reat B rita in  a t M anchester on 7 -9 th  A p ril 1975

S y n o p s is— O n e  o f  th e  m o s t  im p o r ta n t  f e a tu re s  o f  a  D E N T A L  C R E A M  is  i ts  F L A V O U R . 
C O N S U M E R  T E S T S  sh o w  th e  c lo s e  r e la t io n s h ip  o f  o v e ra ll  p re fe re n c e  w ith  f la v o u r  a t t r ib u te s .

E v a lu a t io n  m e th o d s  c a n  b e  c f  d if fe re n t ty p e s  d e p e n d in g  o n  w h ic h  a s p e c t o f  f la v o u r  is b e in g  
e x a m in e d . A n y  c o n v e n ie n t  P A N E L  c a n  b e  u se d  to  d e te rm in e  w h e th e r  tw o  f la v o u rs  a r e  n o t ic e 
a b ly  d iffe ren t.

D e ta i le d  f la v o u r  d e s c r ip t io n s  c a n  b e  o b ta in e d  u s in g  f la v o u r  p ro file  p a n e ls . I n  th e  c la s s ic  f o rm  
s u c h  p a n e ls  r e q u i r e  s c re e n in g  a n d  t r a in in g  o f  th e ir  m e m b e rs  s o  a s  t o  r e n d e r  th e m  e x p e r t .

T h e s e  r e s tr ic t io n s  c a n  b e  c o n s id e ra b ly  re la x e d , h o w e v e r , i f  th e  D E L P H I  T E C H N I Q U E  is 
u s e d  to  e lic it  a n  a c c u r a te  c o n s e n s u s  o f  o p in io n  f ro m  th e  p a n e l. F la v o u r  d e s c r ip tio n s  c a n  a ls o  
b e  o b ta in e d  b y  th e  u s e  o f  p a n e ls  o f  2 0 -3 0  m e m b e rs  a w a rd in g  r a t in g s  o v e r  a  l im ite d  n u m b e r  o f  
f la v o u r  q u e s t io n s .  R e s u l ts  o f  su c h  p a n e ls  c a n  b e  s u b je c te d  to  m o r e  e la b o r a te  m e th o d s  o f  s t a t i s 
t ic a l  a n a ly s is , su c h  a s  a n a ly s is  o f  v a r ia n c e  a n d  re g re s s io n  a n a ly s is , p ro v id e d  th a t  th e  f la v o u rs  
te s te d  c o n f o rm  to  a  c a re fu lly  p la n n e d  e x p e r im e n ta l  d e s ig n .

P a n e ls  in te n d e d  to  te s t  th e  a c c e p ta b il i ty  o f  f la v o u rs  m u s t  b e  la rg e  a n d  a s  re p re s e n ta t iv e  a s  
p o ss ib le  o f  th e  to o th p a s te  u s in g  p o p u la t io n .

IN T R O D U C T IO N

Flavour is one of the most important attributes of a toothpaste, it is 
what is noticed during brushing and immediately afterwards. Although 
consistency and texture are also important, they tend to be standardized

* C o lg a te -P a lm o liv e  L td , O rd s a ll  L a n e , S a lfo rd  M 5  3 F S .
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over most toothpastes on the market, and flavour contributes most to sensa
tion in the mouth. Analysis of consumer test data confirms this. Fig. 1 is a 
two-dimensional view of the three-dimensional factor space produced by 
carrying out a factor analysis on a set of consumer test results. The view is 
that looking into the corner formed by the origin and the three factor axes.

Factor analysis is a mathematical method whereby the 10 questions 
asked in the consumer test have been reduced to a smaller number of 
underlying, basic factors so that each question can be represented by a 
point in the factor space (1). This enables a toothpaste to be described in 
terms of three numbers, each corresponding to one of the factors, rather 
than by the 10 numbers resulting from the original 10 questions. The closer 
two questions fall in this space the more highly correlated they are. In 
Fig. 1 it can be clearly seen that ‘overall preference’ and ‘flavour in use’ fall

Figure 1



EVALUATION OF FLAVOURS IN DENTAL CREAMS 273

very close together with "texture in use’ and ‘flavour strength’ being next 
closest to ‘overall preference’.

Surprisingly the range of flavours used by toothpaste manufacturers has 
been narrow and tended to be conservative, being largely confined to 
peppermint, spearmint and combinations of these two. There is recent 
evidence, however, that more exotic flavours can be viable and hold a 
respectable market share in this country and the USA. The spice flavour 
of a well-known clear gel is a good example of this. A breakdown of the 
UK toothpaste market by flavour type for major products is shown in 
Fig. 2. The dominance of mint flavours is obvious.

Spearmint

\

/
/ Gibbs S.R. 

9% \\Ultrabrite
6%

Maclean's

Peppermint

Figure 2

P h y s i o l o g i c a l  b a c k g r o u n d

The sensation of flavour is made up of more than just the four basic 
tastes, sweet, sour, bitter and salty, which are registered by the taste buds
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on the tongue. Smell plays an important part, as the more volatile flavour 
components are picked up on the olfactory mucosa of the inner nose. 
Tactile nerve endings in the mouth also register such sensations as burning, 
cooling and drying (2).

Taste buds occur mainly on the tip, the sides and rear of the upper sur
face of the tongue. They are contained in protuberances of the skin or 
papillae. Each bud is made up of from two to twelve taste cells which are 
arranged like the staves of a barrel. At the tip of each cell is a cilium which 
protrudes into a pore in the skin leading into the mouth. Electric impulses 
are carried from the taste cells to the brain via nerve fibres (3).

Taste is a chemical sense. Sourness is produced by hydrogen ions, the 
more acid a substance, the greater its sour taste. As a consequence of this 
buffers can be successfully used to reduce sourness. Saltiness is produced 
by cations in the order, from greatest to least, NH4, K, Ca, Na, Li, Mg and 
by anions, in similar order, S04, Cl, Br, I, HC03, N 03. Sugars, some amino 
acids, saccharine, cyclamates and some lead salts are sweet. Bitterness is 
associated with many different types of chemical compound, the most bitter 
being the alkaloids such as caffeine, quinine, etc. Many of the compounds 
listed above do not give the sensation of a single taste, but rather produce 
a mixture of tastes, for example sodium bicarbonate is both salty and 
bitter and saccharine is not only extremely sweet, it has a distinctly bitter 
aftertaste (4).

Bitter flavours are detected at the back of the tongue, sweet at the tip, 
sourness along the sides of the tongue from about midway to the back and 
the sensation of saltiness is detected more or less equally over the whole 
tongue (4).

Not only do some substances have different tastes which are experienced 
simultaneously, they also can taste quite differently to different people. 
Phenylthiourea is probably the best-known example of such a compound 
and is tasted by most of the population as being slightly bitter or salty. To 
some people, however, the taste is overwhelmingly and unbearably bitter. 
Sensitivity of this nature is known to be genetically determined and the 
high incidence of this sensitivity which the North American Indian popula
tion has in common with the peoples of East Asia is part of the evidence 
for the Asian origin of the American Indians (5).

For every person there are thresholds below which the four basic tastes 
cannot be detected. These can be determined very simply by using a series 
of solutions of increasing concentration of citric acid for sourness, sodium 
chloride for saltiness, sucrose for sweetness and quinine for bitterness and
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finding that concentration at which each taste is first detected. Thresholds 
vary considerably over the population and typical distributions found during 
the screening of candidates for a flavour profile panel are shown in Figs. 3, 
4, 5 and 6. The distribution for bitterness is fairly flat and that for sweetness 
highly peaked.

Adaptation and fatigue to flavours limit the number of and interval 
between tastings that any single panel member can be expected to carry 
out. Recovery from sour taste is usually very rapid because of the high 
solubility of hydrogen ion and the ease with which it is washed from the 
vicinity of the taste buds Saltiness and sweetness present few problems as

o
crO)

%  citric acid 

Figure 3. S o u rn e ss .

Figure 4. S a ltin e ss .
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Figure 5. S w ee tn ess.

Figure 6. B itte rn e ss .

recovery from these sensations is also fairly quick. Bitterness can linger in 
the mouth for a minute or more, probably because bitter compounds tend 
also to be substantive to the skin and disappear more slowly from the site 
where they are tasted (6).

The odour component of flavours presents the least problem from this 
point of view, recovery from odour sensation being quick. It has been 
reported that more than 70 odours can be evaluated in 1 h, provided that 
interest is maintained (7).

Tactile and temperature, not to mention pain, stimuli present the greatest 
obstacle to carrying out many flavour evaluations in a short time. The 
cooling and tingling effects of menthol considerably slow the rates at which 
toothpastes can be tasted.
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F l a v o u r  d i f f e r e n c e  t e s t s

The simplest form of flavour evaluation is that required to demonstrate 
a difference between two flavours. This can arise when it is necessary to 
find out whether a change in some other component of a toothpaste has 
altered the taste of the finished product to such a degree that it can be 
detected by the consumer. In this case any flavour difference is likely to 
be small and the appearance, consistency and texture of the products to be 
tested should be effectively identical.

A panel of about 30 subjects is recruited. Just about anyone will do, 
there being no necessity for any special flavour expertise. Each panel mem
ber is presented at various times during the day with four toothpastes to 
taste. The test is completely blind, the creams being identified only by 
randomly numbered tubes and all differences in appearance and consistency 
eliminated as far as possible. These four creams are, in fact, two each of the 
cream under investigation and of a standard corresponding, say, to the 
regular product. They are presented to the panel in a random order pre
viously worked out and known only to the person running the test. When 
all the creams have been tested each panel member is asked which numbered 
creams corresponded to the pairs. In the case of four creams described here, 
his probability of being right by accident in his pairings is exactly one-third. 
No matter how he has chosen the first cream there are equal chances of his 
choosing one from the remaining three if there is no special reason for his 
choosing any one rather than another. It is then a simple matter to carry 
out a x2 test on the results For no detectable flavour difference the number 
of panel members pairing the creams correctly is expected to be one-third 
of the total taking part in the panel. The table of results will appear as 
follows:

Observed
Expected

Correctly paired 
m

Incorrectly paired 
n

Total
N
NN/ 3 2N/3

The value of %2 can be looked up in tables to determine whether or not 
it is significant and whether a detectable flavour difference probably exists.
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In the case of toothpastes it is more realistic to insist that the panel 
brushes with the creams rather than tastes the cream straight from the tube. 
This type of test is very general in its application. It is used in the food 
industry and can be used without difficulty for cosmetics such as lipstick (8). 
All panel members should be persuaded to make a decision on the pairings 
in this form of testing because ‘Don’t Knows’ cannot be treated in the 
analysis and are a waste of everybody’s time.

If necessary the test can be repeated on two or three successive days so 
as to give the panel a better chance of finding a difference. The non-expert 
nature of the panel, the fact that it is run completely blind and the realism 
introduced by brushing with the creams being spread over a whole day 
make this test method very useful for assessing whether flavour differences 
which can be picked up by an expert are, in fact, likely to be perceived by 
the consumer.

Another version of this test uses two samples of the control cream and 
one of the cream under investigation. The statistical analysis can be worked 
out in a similar way to that described above.

F l a v o u r  p r o f i l e s

If a description is sought of how a flavour is perceived by the user it is 
necessary to use some form of flavour profile panel (9). Members of such 
a panel must be expert and will have to be trained over a considerable time 
in recognition of flavour notes and sensations in the mouth and the accurate 
description of intensity and the order in which the sensations appear. 
Potential panel members must first be thoroughly screened for taste 
thresholds, as described above, and for the ability to recognize and describe 
a wide range of odours. As only five or six members are needed for a panel 
it should be possible to select two or three panels from 60 or so applicants.

Screening tests have revealed no convenient rules of thumb or short 
cuts that can be used in panel selection. Men and women appear to perform 
more or less equally and under-30’s and over 30’s show no significant 
differences in taste thresholds. Smokers, however, tend to have a higher 
bitterness threshold than non-smokers, but are no different for the other 
three tastes or for odour recognition. This may be due to some form of 
nicotine tolerance in the smokers. Laboratory workers have been found to 
be significantly better than others at identifying odours, but this appeared 
to be due to the screening being slanted towards odour description for 
which laboratory workers, not surprisingly, had a better vocabulary.
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Thresholds for the four basic tastes are quite independent. Sensitivity to 
one particular taste does not necessarily imply sensitivity for any other 
taste. This effect is well known (10). As the four tastes are perceived by four 
totally separate systems cf taste buds this is only to be expected.

Tests designed to show whether phenylthiourea was perceived as bitter 
or tasteless and whether sodium benzoate was tasted as sour, sweet, salty 
or bitter gave the results shown in Fig. 7. These are what would be expected 
of an average population and the responses to the two compounds are 
again completely independent. Perception of phenylthiourea as bitter did 
not mean that sodium benzoate would also taste bitter to the same person.

S o d iu m  b e n z o a te

P h e n y lth io u re a

Sw eet S o u r S a lt B itte r T o ta l

B it te r 9 2 3 14 28
T a s te le s s 4 2 1 4 11
T o ta l 13 4 4 18 39

Figure 7

Having chosen the panel it is then necessary to train it. Training takes 
the form of running practice sessions on specially prepared toothpastes 
consisting of unflavoured bases of various types to which flavour com
ponents are added singly and in increasingly complicated combinations. In 
this way the panel builds up a vocabulary of flavour notes and gains practice 
in describing events in the mouth in terms of these notes. Sessions are best 
held in the hour before lunch and panel members should refrain from 
drinking, eating or smoking for at least 30 min before a tasting session. 
Hands should be washed before a session using water only and no soap.

The session itself is composed of two parts. Aroma is evaluated first 
and flavour second. In both parts the odours, flavours and other sensations 
are identified and described as accurately as possible. An intensity rating 
from the scale

0 1 2  3 4
Not present Just noticeable Slight Moderate Strong

is then awarded to caci sensation. The order in which the sensations 
occurred is recorded and finally, aftertaste and after effects are noted.

In the first session with any flavour a considerable amount of time will 
be spent on discussion within the panel to settle on an agreed nomenclature
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for the observed sensations. At this point an independent supervisor for 
the panel is essential since forceful personalities on a panel can influence 
this stage considerably. With a trained panel, however, this problem can 
be avoided by using a version of the Delphi technique developed by the 
Rand Corporation (11). Each panel member carries out his evaluation in 
private, noting down sensations, time order and intensities on a blank 
form. After the first tasting the forms are collected and a questionnaire for 
the second tasting compiled which shows the order of sensations with 
their mean intensities as scored on the previous session and the ranges 
within which the panel rated the intensities. The panel member carries out 
his second tasting with all this information in front of him and modifies his 
evaluation in the light of this. Questionnaires for the third tasting are based 
on the results of the second in a similar fashion and the process repeated 
until the panel reaches a reasonable consensus. Three or four repetitions 
are usually enough to produce a satisfactorily tight range of evaluations 
from the panel.

Peppermint

Presentation of the results of flavour profile analysis traditionally 
made graphically in the form of profiles are shown in Figs. 8 and 9. The 
sensations are arranged from left to right around the circumference of a 
semicircle in the order in which they were recorded. Intensity is indicated 
by the length of sensation segment above the semicircle. An alternative 
form of presentation is merely to plot intensity against time and add 
descriptions of the sensations at appropriate points as shown in Fig. 10. 
Results can be depicted equally effectively as histograms.



EVALUATION OF FLAVOURS IN DENTAL CREAMS 281

Figure 9. F la v o u r  p ro file .

Time

Figure 10

Despite the use of numerical intensity ratings the results of flavour 
profile analysis remain largely qualitative and difficult to use in even the 
simple case of variation in the level of one or two flavour components. A 
simpler form of the test is required.

S i m p l e  f l a v o u r  d e s c r i p t i o n  p a n e l s

In the simplified version a larger panel is used, consisting of about 30 
members who answer specific questions about flavour sensations. The
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questionnaire can be based on the results of previous flavour profile 
analysis of the toothpastes to be tested. The same intensity rating scale is 
used or some similar five-point scale, possibly of the form

0 1 2  3 4
Absent Slight Moderate Appreciable Great

The number of members on the panel is some multiple of the number of 
creams to be tested and preferably in the region of 30. Using random number 
tables allocations of test cream to individual panel members are worked 
out such that equal numbers of the panel use each cream on the first brush
ing and the process is repeated for all brushings until all panel members 
will brush once with each cream. The panel is then run and intensity ratings 
recorded. An example of a typical questionnaire is shown in Fig. 11.

R a tin g  N o n e  S lig h t M o d e ra te  A p p re c ia b le  V e ry

0  1 2  3 4

F la v o u r  s t r e n g th
T in g lin g
W a rm in g
S w ee tn ess
F re s h n e s s
D ry in g
B itte rn e ss
L a s t in g  f la v o u r

Figure 11

Analysis of the results of this type of panel is straightforward. The panel 
design is that of a completely randomized block and can be subjected very 
easily to analysis of variance (12). This analysis is carried out separately for 
each question and, for the example of six creams tested by a panel of 30, 
will give an analysis of variance table as follows/

S o u rc e  o f  v a r ia t io n  S u m  o f  s q u a re s  D e g re e s  o f  f re e d o m  M e a n  s q u a re  F
B e tw e e n  to o th p a s te s    5 ....................
B e tw e e n  p a n e l  m e m b e rs  ............................  2 9  ....................
E r r o r    145 ....................

T o ta l  ...............................  179

The removal of the variation due to systematic differences in rating 
between panel members appreciably reduces the error sum of squares and 
hence increases the sensitivity of the test. Comparison of the between
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toothpastes mean square with the error mean square using the F-test will 
show whether any significant differences in mean ratings exist among the 
creams. The Duncan multiple range test can be used to identify these 
individual differences (13). Although the use of a limited and discrete rating 
scale would seem to require that statistical analysis be carried out by non- 
parametric methods, the classical analysis of variance is robust enough to 
give reliable results, particularly as the toothpaste ratings of interest are 
the means of 30 readings.

The method is best illustrated by taking a concrete example. A major 
component of a toothpas:e had been altered and this had resulted in a 
definite change in the perceived flavour of the modified product. It was felt 
that the simplest way of tackling the problem would be to alter the flavour 
level. Five different levels of flavour in the modified product were tested 
against the original, giving a total of six creams. A panel of 30 was used. 
The only two questions to show a significant ‘between creams’ difference 
were ‘bitterness’ and ‘flavour strength’.

If only one question had shown these differences the solution would 
have been straightforward. Mean ratings would have been plotted against 
flavour level and the match to the original product read off from this line. 
In the example, however, i: was necessary to plot ‘bitterness’ ratings against 
‘flavour strength’ ratings. Fig. 12 shows the results of this. The points corre
sponding to the five flavour levels in the modified cream fall, gratifyingly, in

Mean flavour strength rate

Figure 12
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a straight line with the point for the original product falling somewhat 
below and to the right. The original product is clearly less bitter than the 
modified product having the same apparent flavour strength. The nearest 
point on the modified product line to the original point was taken as a suit
able match and when that flavour level was substituted into the modified 
product consumer testing showed that the match had been successful.

In the example above a very simple experimental design had been used 
for the test creams, i.e. five levels of one variable to be compared with a 
standard. More complicated designs can be very easily incorporated into 
this type of test. For example, it may be desired to test two levels of each 
of three flavour components. This would mean that eight experimental 
creams, corresponding to all the combinations of components and levels, 
would have to be tested against the standard giving nine creams in all. A 
panel of 27 would be enough for this test and the initial analysis of variance 
table would have the following form:

S o u rc e  o f  v a r ia t io n  S u m  o f  s q u a re s  D e g re e s  o f  f re e d o m  M e a n  s q u a re  F
B e tw e e n  to o th p a s te s    8 .....................................
B e tw e e n  p a n e l  m e m b e rs  ............................  26  .....................................
E r r o r    208  ....................

T o ta l  ..................................  242

In order to explore the effects of the different levels of the three flavour 
components the between experimental toothpastes sum of squares can be 
subdivided to give the analysis of variance table shown below.

S o u rc e  o f  v a r ia t io n  S u m  o f  s q u a re s
B e tw e e n  leve ls  o f  c o m p o n e n t  1 .......................
B e tw e e n  leve ls  o f  c o m p o n e n t  2  .......................
B e tw e e n  leve ls  o f  c o m p o n e n t  3 .......................
I n t e r a c t io n s :
C o m p o n e n t  1 x  C o m p o n e n t  2 .........................
C o m p o n e n t  1 x  C o m p o n e n t  3 ..........................
C o m p o n e n t  2 x  C o m p o n e n t  3 ..........................
C o m p o n e n ts  1 x 2 x 3  .........................

E r r o r  ( f ro m  p re v io u s  ta b le )  .........................

D e g re e s  o f  f re e d o m  M e a n  s q u a re  F
1 ...........................
1 ........................
1 ........................

1 ........................
1 ........................
1 ........................
1 ...........................

208  ......................

This analysis is confined to the eight experimental creams, hence the 
total number of degrees of freedom of seven. T-tests will show which 
flavour components or combinations of components had a significant 
effect on the attribute analysed. The mean ratings corresponding to the 
significant effects can then be compared with that of the ninth cream, the
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standard, using the Duncan multiple range test described above. A nearest 
match to the standard can easily be worked out on this basis.

Extending the method further, even more complicated experimental 
designs can be used for the toothpastes, such as Simplex or star designs 
(14). Regression analysis can be used to fit equations relating the main 
rating scores to all the variable flavour component levels. The fitting of 
such regression equations will be valid only if a significant effect between 
toothpastes has been shown by the initial analysis of variance. Linear 
programming can be used to determine the nearest match to a standard 
over all the relevant flavour questions although this will only work if all 
the regression equations are first order, i.e. correspond to straight lines, 
planes or hyperplanes. Curvature due to higher order terms leads to com
plications and the best method of choosing a match in this case is by 
inspection.

When large experimental designs are used it will be necessary to test a 
great number of creams. Et will no longer be possible to use a complete 
randomized block as the basic design for the panel. This can, however, be 
overcome by the use of incomplete block or lattice designs in which each 
panel member need use only a few out of the many experimental creams, 
and the duration of the panel reduced once more to more manageable 
proportions (14).

It is quite possible for any member of a simplified flavour description 
panel to clean his teeth five or six times a day without impairing his ability 
to judge flavour notes and intensities. An average panel can, therefore, be 
completed in three or four days. Should any panellist drop out of the test 
it is quite permissible to estimate his missing ratings using the recognized 
method of calculating missing values for the particular panel design used 
( 12).

The simplified flavour description panel is, therefore, quick and easy to 
run. Analysis of the results can be as complicated as desired and depends 
only on the experimental design chosen for the test creams.

F l a v o u r  a c c e p t a b i l i t y  t e s t s

Flavour acceptability is more difficult to test than flavour description. 
The test method described above can, however, be adapted for this purpose 
by modifying the questionnaire and ensuring that panels are larger and 
more representative of the toothpaste-using population. Fisually only one
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question will need to be asked, i.e. for flavour preference, and a rating 
scale can be used of the following form:

0 1 2  3 4
Very poor Poor Average Good Very good

Other flavour description questions can be asked if it is wished to con
sider the influence of particular flavour sensations on acceptability.

Because of the obvious variability of flavour likes and dislikes over the 
population, panels used for acceptability testing must be large and as 
representative of that population as possible. Panel size should be at least 
50 and local panels confined to a single factory or workplace would seem 
to be unsuitable because unrepresentative, although they could be used for 
a first rough screening of flavours for acceptability.

Experimental design can be built into the testing by using different 
levels of a range of flavour components. Regression analysis can again be 
used and linear programming or inspection used to detect flavour combina
tions with optimum flavour preference ratings, the object of the testing 
being no longer to match a standard, but to optimize flavour preference.

C o n c l u s i o n s

The test procedures described above are intended to enable flavour 
evaluation, particularly description, to be carried out in an orderly and 
scientific manner. Emphasis has been placed on the generation of numerical 
results which can be subjected to statistical analysis. The numerical pre
scriptions applied to flavour acceptability have been deliberately left some
what vague. In this area the ideas for new flavours will usually come from 
a creative flavour specialist although panel testing will be necessary to 
judge the success of his efforts.

( R e c e iv e d :  1 7 th  J a n u a r y  1 9 7 5)
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The chemistry of human hair 
cuticle—III: The isolation and 
amino acid analysis of various 
subfractions of the cuticle obtained 
by pronase and trypsin digestion

J. A. SWIFT and B. BEWS*

S y n o p s is— T h e  c o u r s e  o f  d ig e s tio n  o f  h u m a n  H A I R  C U T I C L E  by  P R O N A S E  a n d  T R Y P S IN  
h a s  b e e n  fo llo w e d  b o th  g ra v im e tr ic a l ly  a n d  by  th e  E L E C T R O N  M I C R O S C O P E  e x a m in a t io n  
o f  d ig e s te d  h a i r  s e c tio n s . T h is  h a s  p e r m i t te d  th e  id e n t i f ic a t io n  o f  th r e e  s u b f r a c t io n s  o f  th e  h a i r  
e n d o c u t ic le .  T h e  s ig n if ic a n c e  o f  th e  A M I N O  A C I D  a n a ly s e s  is  d isc u sse d .

I n t r o d u c t i o n

In the first two papers of this series we described a new technique for the 
physical isolation of cuticle from human hair (1) and the enzymatic isolation of the 
A-layer and cell membrane complex from the cuticle (2). Our attention has now 
turned to an examination of those cuticular components dissolved by the proteo
lytic enzymes trypsin and pronase. Although Bradbury and Ley (3) have shown 
already that pronase can be used for the isolation of whole endocuticle from 
wool, the present experiments are more comprehensive and have enabled us to

* U n ile v e r  R e s e a rc h  I s le w o r th  L a b o r a to r y ,  4 55  L o n d o n  R o a d ,  I s le w o r th , M id d le s e x .
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identify and isolate for analysis new and interesting subcomponents of the endo- 
cuticle of human hair.

M e t h o d s  a n d  m a t e r i a l s

The experimental procedures were broadly the same as those described in the 
previous paper (2), namely (a) a study of the gravimetric course of digestion of 
isolated cuticle by pronase and trypsin, (b) the electron microscope examination 
of human hair sections after digestion with the enzymes to establish which mor
phological components are dissolved, and (c) the amino acid analysis of various 
identifiable fractions isolated from the bulk cuticle.

The enzyme solutions used were 0.1% w/v pronase (Calbiochem grade B) 
and 0.1% w/v trypsin (Sigma, 2 x  crystallized) in 0 . 1 m  ammonium acetate/am- 
monia buffer at pH 7.8 containing 10% w/v ethanol (the ethanol was used to 
minimize bacterial growth and also to facilitate the wetting of the samples to be 
treated (3)). The corresponding buffer at pH 7.8 without the added enzymes was 
used for washing the various insoluble fractions and hair sections. The insoluble 
fractions were obtained as described earlier (2) and the soluble fractions by 
evaporation in vacuo to small bulk followed by freeze drying.

The heavy metal stains used for treating the enzyme-digested hair sections 
were different from those used in the previous paper. They were (a) 0 . 1 n  silver 
nitrate to which 0.880 ammonia was carefully added until the precipitate just 
dissolved; grid-mounted sections were treated for 30 m at room temperature, 
followed by 2 x  15 m immersions in distilled water and then dried, and (b) 10% 
w/v dodecatungstophosphoric acid (PTA) (BDH Analar grade) in 50% w/v 
ethanol filtered through 0.45 pm Millipore membrane; grid-mounted sections 
were treated for 2 h at 40°C followed by a 20-s rinse in 50% ethanol and rapid 
drying of the grid on the corner of a filter paper.

R e s u l t s

C ourse o f  d igestion  o f  iso la ted  cu tic le  w ith trypsin  a n d  pronase

A graph showing the loss in weight of hair cuticle against time of digestion 
with trypsin and pronase is shown in F igure 1. The rate of digestion with trypsin 
was fairly rapid for the first 5 h and then the rate slowed down so that between 10 
and 60 h it was about 1/12 of the initial rate. No further digestion occurred after 
70 h by which time 20% of the cuticle had dissolved. It is clear that the two dis
tinguishable rates of digestion arise through the dissolution of two separate com
ponents of the cuticle. By extrapolating the linear portion of the curve between 
10 and 60 h, it was established that the fast-dissolving component constitutes
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Figure 2. Transverse section of human hair digested with trypsin for 5 h and 
then shadowed with carbon and platinum. EX, exocuticle; EN, endocuticle; 
CM, cell membrane complex; NR, nuclear remnant of cortex; PG, melanin 
pigment granule; MF, macrofibril. NB. This photograph was prepared from 
an intermediate negative.

Figure 3. Transverse section of human hair digested with pronase for 30 h 
and then shadowed (Facing p. 290)
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Figure 1. Graph show ng the gravimetric course of digestion of human hair 
cuticle with trypsin and with pronase. Each point shown represents the mean 
of two separate determkiations.

about 11% and that the slower dissolving component comprises about 9% by 
weight of the whole cuticle.

In the case of the pronase treatment the rate of digestion within the first hour 
was very high and in that time some 22\% of cuticle dissolved. Thereafter the 
rate of digestion diminished abruptly to a linear portion between and 22Jr h. 
Beyond 30 h no further digestion occurred and in all 35% of the cuticle had dis
solved. The fast- and slow-dissolving components represent approximately 22\% 
and 12^% by weight of the cuticle respectively.

Morphological progress of digestion of cuticle with trypsin and pronase

An electron microscope examination was made of transverse hair sections 
treated with trypsin for 5 h and 70 h and then ‘shadowed’ with a mixture of carbon 
and platinum. After 5 h the regions corresponding to the endocuticle contained 
discrete holes measuring 0.05-0.1 pm in diameter (Fig. 2), and after 70 h larger 
holes were observed in the endocuticle. Often these latter holes were long and
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narrow as if a discrete laminar subcomponent of the endocuticle had been dis
solved. It is also pertinent to mention that after trypsin treatment for 70 h the 
nuclear remnants of the cortex were completely dissolved.

For the shadowed pronase-treated sections it was found that the endocuticle 
was peppered with holes at 2 h, and after 30 h (Fig. 3) the endocuticle was com
pletely dissolved. In addition at 2 h the nuclear remnants of the cortex were 
removed completely and after 30 h it was clear that the ‘non-keratinous’ material 
of the intermacrofibrillar matrix had also been degraded (Fig. 3).

The electron microscope examination of hair sections stained with either 
silver or tungsten was valuable for determining in detail which cuticular structures 
had been affected by the enzymes. The results were generally in accord with those 
obtained from the shadowed sections and in addition indicated that the inner 
layer, exocuticle, A-layer and cell membrane complex were unaffected by the en
zyme treatments (cf. Figs 4-7). In the case of the extensive pronase treatments 
it was found that a thin network of material remained in the endocuticular 
regions (Figs 6 and 7). Since this latter material stained fairly intensely with silver 
(Fig. 7) it was assumed to be relatively rich in cystine and that it was part of the 
exocuticle which diffusely permeates the endocuticle. It is noteworthy that despite 
extensive treatments with the enzymes the intercellular cement of the cuticle 
(5-band) was stained as intensely with PTA (Figs 5 and 6) as the sections which 
had not been treated with the enzymes (cf. Ref. 2).

Amino acid analyses

The amino acid analyses for some of the fractions isolated by trypsin and 
pronase digestion of whole cuticle are listed in Table I. The first column contains 
the amino acid analysis of whole human hair cuticle. The fractions listed in the 
next six columns of Table I  were obtained as follows:

ENDO — Soluble fraction obtained by digestion of whole cuticle for
5 days with pronase.

EXO + A + I + M — Insoluble material remaining after pronase digestion for
5 days.

ENDO A — Soluble fraction obtained by trypsin digestion for 10
days.

ENDO A1 — Soluble fraction obtained by trypsin digestion for 9 h.

ENDO A2 — Soluble fraction obtained by taking the insoluble material
remaining after trypsin treatment for 11 h and digesting 
it with trypsin for a further 10 days.
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Figure 4. Transverse hair section digested with trypsin for 5 h and then 
stained with ammoniacal silver nitrate; A, A-layer.

Figure 5. Transverse hair section digested with trypsin for 70 h and then 
stained with dodecat angstophosphoric acid (PTA). D, intercellular cement of 
8-band. (Facing p. 292)
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ENDO B — Soluble fraction obtained by taking the insoluble material
remaining after trypsin treatments for 10 days and 
digesting it in pronase for 5 days.

NB. In the case of all the soluble fractions appropriate corrections were made to 
the amino acid analyses for the contributions due to the presence of the enzymes.

All the data listed in columns 1-7 of Table I  were obtained from duplicate 
amino acid analyses of the various fractions. Although not listed, analyses were 
also obtained for all the corresponding insoluble fractions and of soluble material 
obtained by digesting with pronase for 5 days the insoluble material remaining 
after trypsin treatment for 15 h. It is worthy of mention that the analyses of the 
soluble fractions inferred by taking the appropriate differences in analysis of 
these additional fractions were in general agreement with the more accurate 
direct analyses for the corresponding fractions shown in Table I.

In the last three columns of Table I  are reproduced for comparative purposes 
the analyses for various fractions obtained by Bradbury and Ley (3) in their work 
on the pronase digestion of wool cuticle.

D is c u s s io n

Since several distinct subfractions of the human hair cuticle have been identi
fied in the present work it is convenient to subdivide most of this discussion 
according to the morphological origins of the subfractions.

(a) Whole endocuticle (ENDO)

From the electron microscope examinations of hair sections treated with 
pronase for 5 days it was clear that virtually all the endocuticle had dissolved and 
that no other cuticular components had been degraded. Only sparse material 
remained in the endocuticular regions and since this appeared to contain cystine 
at least some of it may be diffuse exocuticle. It could also contain some of the 
non-proteinaceous components derived from the membranous organelles of the 
original follicle cells, such as endoplasmic reticulum, Golgi apparatus, mitochon
dria etc. which are compressed into this part of the cell during the keratinization 
process.

It is striking that the percentage by weight of cuticle which dissolves in pronase 
after 5 days (i.e. 35%) is similar to the percentage of endocuticle in whole cuticle 
determined from a large number of measurements of the cross-sectional areas 
occupied by the same components in electron micrographs of transverse sections 
of untreated human hair (i.e. 33-35%).
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Figure 6. Transverse hair section digested with pronase for 100 h and then 
stained with PTA.

Figure 7. As Fig. 5 but stained with animoniacal silver nitrate.
(Facing p. 294)



CHEMISTRY OF HUMAN HAIR CUTICLE— III 295

In the light of the forego.ng results we consider that the amino acid analysis 
of the material from whole cuticle which dissolves after 5 days treatment with 
pronase is representative of :he proteins in the whole endocuticle. This analysis 
is designated ENDO in Tabic I. The endocuticle evidently contains more aspartic 
acid, glutamic acid, threonine, alanine, isoleucine, leucine, methionine, tyrosine, 
phenylalanine, histidine, lysine and arginine and less serine, proline, glycine, 
valine and cystine + cysteic acid than whole cuticle. This is in very good agreement 
with the analyses made by Bradbury and Ley (3) for the corresponding com
ponents isolated from wool cuticle with pronase (c/. columns 8 and 9 of Table I). 
By comparing the analysis fcr the endocuticle not only with that of whole cuticle 
but also with that of the exocuticle (cf column 3 and the next section of the dis
cussion) it is evident that the major proportions of the acidic and basic amino 
acid residues in the cuticle are contained within the endocuticle. This is in accord 
with electron histochemical observations concerning the distribution of acidic 
and basic groups within the cuticle (1). That the amount of cystine in the endo
cuticle is quite small is also ir. agreement with electron histochemical observations 
(4, 5).

(b) Exocuticle + A-layer + inner layer + cell membrane complex 
(EXO + A + I + M)

We have established that treatment of whole cuticle with pronase for 5 days 
dissolves the major portion of the endocuticle perhaps leaving some cystine-rich 
exocuticular-like material and cytoplasmic lipid debris in the endocuticle region. 
It follows that the material remaining after pronase digestion will comprise the 
inner-layer, exocuticle, A-layer and cuticle cell membrane complex. Bradbury and 
Ley (3) have isolated a similar fraction from wool cuticle with pronase and al
though the exocuticle will certainly comprise the major proportion of this fraction, 
A-layer and membrane components will also be present.

Our analysis for the long term pronase-insoluble material is shown in column 
3 of Table I. As would be expected, the analysis is complementary to that of the 
whole endocuticle in that i: contains more serine, proline, glycine, cystine + 
cysteic acid and less aspartic acid, glutamic acid, threonine, alanine, valine, iso
leucine, leucine, methionine, tyrosine, phenylanaline, histidine, and arginine than 
whole cuticle. There is excellent agreement between these results and those of 
Bradbury and Ley (3) for the comparable exocuticle-rich fraction isolated from 
wool cuticle (cf. columns 8 and 10 of Table I). That the exocuticle-rich fraction 
contains high concentrations of cystine and lower concentrations of the acidic 
and basic amino acids relative to the endocuticle is also consistent with electron 
histochemical observations.

Of particular interest is the very high cystine concentration in the long term 
pronase-insoluble fraction in which \  cystine occupies 1 in 4 of the amino acids of
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the protein. Taking into account the fact that the cystine concentration of the 
cuticle cell membrane complex is quite low (2), we have calculated that the order 
of 1 amino acid residue in 3.7 is present as \  cystine in the combined exocuticle, 
and A-layer. In our previous paper (2) we also presented evidence for suspecting 
that the cystine of the A-layer may not be as high as electron histochemical 
observations had led us to believe. In this case it is interesting to speculate that 
there might therefore be as much as 1 amino acid residue in 3.3 as + cystine in the 
proteins of exocuticle and inner-layer. Notwithstanding this latter speculation it 
is clear that the exocuticle, A-layer and inner-layer as a whole are remarkable for 
their high cystine content.

(c) Endocuticle fraction A

In the neck of the hair follicle those cells derived from the follicle matrix 
which will eventually be transformed into cuticle are compressed into a sheet-like 
form; at this stage the cells contain recognizable nuclei that are compressed into 
disc-like units within each cell. During the subsequent hardening the cystine-rich 
exocuticle and A-layer are laid down in laminae at one side of the cell (i.e. that 
side of the cell at the greater radius from the fibre axis) and the nucleus is further 
compressed along with other effete cell organelles into that part of the cell later 
identified as the endocuticle. No distinct entity corresponding to this effete 
cuticle nucleus can be identified under the electron microscope in metal-stained 
sections of untreated hair, although recently Kassenbeck (6) has reported that he 
has observed under the optical microscope entities corresponding to this effete 
nucleus in the cuticle of hair treated with p-toluene sulphonic acid in ethylene 
glycol.

About 20% by weight of human hair cuticle dissolved after long term trypsin 
treatment, and from electron microscope observations it was established that this 
material was derived from the endocuticle. Since the zones of digestion were 
usually sheet-like in form we therefore believe that it was the effete nucleus of the 
cuticle which had been dissolved. This fraction comprises about 57% by weight 
of the whole endocuticle and the amino acid analysis for it is shown under the title 
ENDO A in Table I. It evidently contains significantly more glycine, alanine, 
leucine, methionine and phenylalanine and less serine, proline and cystine + 
cysteic acid than the whole endocuticle.

Since the proportion by weight of cuticle which dissolves after long-term 
trypsin treatment (c. 20%) is similar to that proportion which dissolves very 
rapidly within the first hour of pronase treatment (c. 22%), we conclude that 
both these enzymes under their respective conditions are dissolving the same com
ponent, i.e. the endocuticle nucleus. The extreme rapidity of the pronase digestion 
precluded the possibility of obtaining a good corresponding sample for analysis,
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but insoluble material remaining after long term trypsin digestion was almost 
identical in composition to that remaining after 2 h digestion with pronase.

(d) Endccuticle subfractions Al and A2

From our study of the gravimetric course of digestion of whole cuticle with 
trypsin, two components dissolving at different rates were identified. Since we 
believe that long term trypsin treatment dissolves the effete cuticle nucleus, it 
follows that the two new fractions identified are subcomponents of this nucleus. 
That this is so is in agreement with the morphologic progression of trypsin diges
tion observed with the electron microscope. The component of the cuticle which 
dissolves in trypsin after 9 h ar_d that which dissolves after treating with trypsin for 
a further 10 days have been designated endocuticle A1 and A2 respectively (i.e. 
ENDO A1 and A2). The amino acid analyses of these two subcomponents of the 
nucleus are shown in columns 5 and 6 of Table I. As would be expected the 
analyses of A1 and A2 are complementary with respect to the whole ENDO A 
fraction. In particular A1 contains significantly higher concentrations of aspartic 
acid, glutamic acid, leucine, tyrosine, phenylalanine and arginine and lower con
centrations of serine, proline, glycine, valine and cystine + cysteic acid than A2. 
It is also worth pointing out that the analysis for A1 is most extreme from that of 
whole cuticle.

The nuclei of normal viable mammalian cells contain two major types of pro
tein, namely the histone proteins generally characterized by their high basic amino 
acid content (7), and the nor.-histone proteins which are relatively rich in acidic 
amino acids (8). It is difficult to imagine what changes occur to the corresponding 
proteins from the nuclei of the matrix cells of the hair follicle during the keratin- 
ization process and certainly their ultimate fate following loss of the nucleic acids 
of these cells is not known. Perhaps the two fractions A1 and A2 originate from 
the histone and non-histone proteins of the cuticle cell nucleus modified during 
the keratinization process.

(e) Endocuticle fraction B (ENDO B)

From the foregoing it is clear that there is a further fraction of the endocuticle 
which is not digested by long-term trypsin treatments but which does dissolve in 
pronase. This component comprises about 15% by weight of whole cuticle and 
about 43% by weight of the endocuticle. The amino acid analysis for this fraction, 
which we have designated ENDO B, is shown in column 7 of Table I. It is clear 
from comparison with the ENDO A fraction that ENDO B contains the bulk of 
the cystine present in the whole endocuticle and that the concentration of aspartic 
acid is lower.
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It follows from the foregoing proposals about the origin of ENDO A and its 
subfractions A1 and A2, that ENDO B probably originates from the non-nuclear 
cytoplasmic debris of the cuticle cell left over after the formation of the exocuticle, 
A- and inner-layers.

(f) Consideration on the properties and nature of the cuticle cell 
membrane complex

It has been known for some time that single cuticle and cortical cells are 
apparently liberated into suspension when keratin fibres are treated with solutions 
of various proteolytic enzymes and it has been generally assumed that this is 
because the cell membrane complex separating the cells has been degraded (cf 
review by Bradbury (9)). From our critical electron microscope examinations of 
hair sections, treated not only with pronase and trypsin but also with papain/di- 
thiothreitol (2), we can find no evidence whatsoever for the dissolution of the 
cuticle cell membrane complex. Even despite extensive enzyme treatments, the 
full structural integrity and pattern of heavy metal staining of the intercellular 
membrane glue (5-band) is retained. We therefore believe that the liberation of 
cuticle cell-like units in the proteolytic enzyme treatment of bulk mammalian 
keratin fibres is due to digestion along the endocuticle sheet rather than splitting 
of the cell membrane complex. Further evidence for believing that this is so is that 
mild mechanical agitation is always necessary to release the cell-like units pre
sumably by rupturing the retaining cell membrane which now only loosely holds 
the remaining exocuticular segment. A similar situation may also exist in relation 
to the liberation of cortical cells by proteolytic enzymes with digestion occurring 
in the intermacrofibrillar matrix, and particularly in that matrix immediately 
adjacent to the cortical cell membranes, as a necessary prerequisite for subsequent 
mild mechanical agitation to release cell-like units.

The chemical composition of the intercellular membrane cement of the 
cuticle (5-band) is puzzling. Electron histochemical observations using not only 
phosphotungstic acid as a stain but also silver/N-acetyl homocysteine thiolactone 
(10) indicate that this component is rich in free amino groups. If these amino 
groups were either those of the lysyl groups or the end groups of proteins it is 
surprising that proteolytic enzymes had no effect on the 6-band. One possibility 
is that the protein content of the 5-band is small and that the major component 
is a polysaccharide rich in amino-containing sugar residues. Polysaccharides con
taining v/c-diol groupings are certainly present in the cell coat around hair follicle 
matrix cells and in the intercellular desmosomal plaques between adjacent follicle 
cells (17). It is not unreasonable to suppose that the polysaccharide coat of the hair 
follicle cells is retained throughout the keratinization process and, in the case of 
the cuticle, becomes organized into the layer later identified as the 5-band. Some 
support for this idea also comes from the fact that we have tentatively identified
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amino sugars and pentoses in a cuticle cell membrane fraction, rich in 6-band, 
obtained by our papain/dthiothreitol procedures (2). Also this fraction had a 
very low protein content.

(g) Consideration of the properties of the cuticle in the light of the 
composition of the cuticle subcomponents

The hair cuticle is divided into two main subcomponents whose chemical 
compositions are quite different and which can be expected to behave differently 
under the influence of various cosmetic treatments.

The exocuticle and A-layer laminae are oriented within each cuticle cell 
sheet towards the outside of the hair. Since they are highly cross-linked by 
cystine they will be extremely tough and resilient and fitting in their role for 
protecting the surface of the hair shaft from environmental exposure. On the other 
hand these components are likely to be relatively inelastic and susceptible to 
brittle fracture on bending An indication of this brittleness to bending is that we 
have never observed with the scanning electron microscope cuticle scale edges 
bent back on themselves a: the surface of virgin hair. Indeed where the edge of a 
cuticle cell is not adhering immediately to the underlying cell, it is usually tilted 
upwards by only a few degrees. Despite extensive combing either with or against 
the natural scale overlap the scale edges tend to break off in small pieces rather 
than be bent back (12). If, on the other hand, the cystine disulphide crosslinks are 
destroyed by oxidation (as occurs in weathered hair or to some extent on bleach
ing with hydrogen peroxide) or by reduction (as in thioglycollate perming) the 
exocuticle and A-layer become much more pliable. This is indicated by the fact 
that we sometimes see cuticle edges bent back through quite large angles when 
weathered, bleached or reduced hairs have been combed. It is also noteworthy 
that Makinson (13) believes that the oxidative softening of the wool cuticle is 
important in the anti-felting treatments of wool fabrics and it is this which elimi
nates the directional dépendance of the coefficient of friction of the fibres.

In contrast to the exocuticle, the proteins of the endocuticle contain very little 
cystine but relatively high concentrations of acidic and basic amino acid residues. 
Electron histochemical experiments indicate the existence of fairly high concen
trations of free carboxyl and amino groups in the endocuticle, but it is not possible 
to determine from these experiments alone what proportions of the groups are 
the side chains of the acidic or basic amino acid residues or the end groups of the 
protein chains, though we would expect the latter to be quite a small proportion. 
It is possible that some of the acidic and basic amino acid residues are involved 
in intermolecular isopeptide cross-linking (14). On the other hand since the pres
ence of isopeptide links ir. proteins such as hair medulla tends to confer trypsin 
insolubility (15, 16) we must presume that the amount of isopeptide link present 
in our trypsin-soluble ENDO A components of the cuticle is quite small.

The exocuticle and endocuticle can be expected to behave quite differently in
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water. The exocuticle, because o f  its high cross-link density, is unlikely to swell 
appreciably, but the relative absence o f  cross-links and the presence o f  ionic 
groups in the endocuticle will mean that it will absorb fairly large quantities o f  
water (17). The resultant swelling may even be high enough to convert som e o f  
the endocuticular com ponents into a gel. This could have interesting im plications 
on the behaviour o f  the hair cuticle in the wet state and could perhaps contribute 
to the directional frictional properties o f  wet hair where there is a strong tendency 
towards felting.
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