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SYNOPSES FOR CARD INDEXES

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

Preservatives for cosmetics and toiletries: B e t t y  C r o s h a w . J o u rn a l o f  th e  S o c i e t y  
o f  C o s m e t ic  C h e m is ts  28 3-16 (1977)

Synopsis— The need for preservation o f  cosmetics and toiletries and the function 
and selection o f  a satisfactory preservative system are discussed.

The properties o f  the ideal preservative are considered and the properties o f  
some o f  the newer preservatives described.

Microbial contamination of cosmetic products: R o s a m u n d  M . B a i r d . J o u rn a l o f  
th e  S o c i e t y  o f  C o s m e t ic  C h e m is ts  28 17-20 (1977)

Synopsis— One hundred and forty seven cosmetic products purchased from five 
retail shops in 1974 were examined microbiologically. Viable bacteria were not 
recovered from ninety-nine products. Gram-negative rods were isolated from 
6J %  o f  products and P s e u d o m o n a s  spp. from 4 d %  o f  products.

Microbiological applications o f a novel replipad skin sampler: H. D i x o n  and A. K . 
P a n e z a i . J o u rn a l o f  th e  S o c i e t y  o f  C o s m e t ic  C h e m is ts  28 21-24 (1977)

Synopsis— A  bacteriological skin sampler which can be used to obtain microbial 
prints o f  the axilla is described. Various applications include in v itro  and in  v ivo  
evaluation o f  the antimicrobial properties o f  deodorant and other products using 
the subject’s skin microflora.
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A  spectroscopic study o f the reaction products o f dihydroxyacetone with aminoacids:
A . M e y b e c k . Journal o f  the S o c ie ty  o f  C osm etic  C h em ists 28 25-35 (1977)

Synopsis— Dihydroxyacetone (D H A ) has been allowed to react w ith a series o f 
aminoacids in  water solution. The dark solutions or suspensions obtained were 
dialysed giving brown ‘pigments’ (melanoidins) which were subjected to instru
mental analysis. Visible absorption spectra o f their water solutions have no special 
features, while u.v. spectra show at best a slight maximum around 310-330 nm.
I.R . spectra o f all the products studied show broad bands around 3400, 1600 and 
1400 cm "1. A ll these melanoidins exhibit a strong Electron Spin Resonance 
(E.S.R.) signal. The E.S.R. spectra recorded in the solid state are single lines o f 
6-12 gauss linewidth, centred around g = 2, which correspond to rather inert 
unpaired electrons since they can be observed in water solution as well. These 
data suggest that the reaction products o f D H A  w ith aminoacids are conjugated 
polymers. The mechanism o f skin tanning by D H A  is discussed in view o f these 
results.
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P re s e rv a tiv e s  fo r  cosm etics  and to ile tr ie s
P resen ted  on 23 February 1976 at the Symposium on M icrobiological 
S afety in C osm etic and Toilet products, Birmingham

B E T T Y  C R O S H A W  The B oots Co. Ltd, R esearch Departm ent, M icrobiology, 
Nottingham.

Synopsis
T h e  n e e d  f o r  preservation o f  cosmetics a n d  t o ile t r ie s  a n d  th e  f u n c t io n  a n d  s e le c t io n  o f  a  s a t is fa c t o r y  
p r e s e r v a t iv e  s y s te m  a r e  d is c u s s e d .

T h e  p r o p e r t ie s  o f  th e  ideal preservative a r e  c o n s id e r e d  a n d  th e  p r o p e r t ie s  o f  s o m e  o f  th e  n e w e r  
p r e s e r v a t iv e s  d e s c r ib e d .

Introduction
It has been known for many years that some cosmetics and toiletries will support the 
growth of microorganisms (1) and that microbial action may cause spoilage problems 
(2) exemplified by visible growth or by chemical changes in the product. These changes 
may manifest themselves in a number of ways, e.g. by hydrolysis, oxidation, reduction 
causing off-odours, change in colour, adverse changes in pH, breakdown of the emulsion 
or change in texture of the product (2, 3, 4).

More recently the introduction of new ingredients such as proteins, gums, vitamins, 
herbs, beer, some of which may be merely ‘promotional additives’ (5), has increased the 
microbiological hazard. The widespread use over the last two decades of nonionic 
surfactants to replace anionic emulsifiers has resulted in superior and more stable 
cosmetics but this change has also increased the risk of microbial contamination since 
many of these nonionic surfactants will support the growth of Gram-negative bacteria 
and particularly pseudomonads (6). Bryce and Smart (7) found that contaminated 
shampoos invariably contained Gram-negative organisms and their survey coincided 
with the change from anionic to nonionic surfactants.

The degree of microbiological risk is affected by the physical state of the product. 
Aqueous solutions and oil-in-water emulsions are highly susceptible to microbial con
tamination. Water-in-oil emulsions are less susceptible because the continuous oil phase 
acts as a barrier to the penetration of microorganisms into the water phase and also 
impedes the spread of growth through the system (8). If, however, such a formulation 
is unstable and separation occurs, the separated aqueous phase is very vulnerable. 
Water-in-oil emulsions although less susceptible to microbial contamination are generally 
more difficult to preserve.

Water, the raw material common to many cosmetics and toiletries, may often be the 
prime source of contamination. The most frequently reported contaminants in recent 
years have belonged to such genera as Pseudomonas, Klebsiella, A chrom obacter and 
Alcaligenes. These bacteria are common residents in water and it is now widely believed 
that the water used in the preparation of toiletry products is their likely source (9).

A consumer is unlikely to use a spoiled product but he or she could unknowingly 
use a contaminated cosmetic or toiletry. The possible health hazard is readily apparent 
since these products may be used on infants, by the old and the sick and by hospital 
staff and patients.

3



4 Betty Croshaw

Nowadays, reputable manufacturers exercise a microbiological quality control pro
gramme to ensure that they do not market a product that is a spoilage or health risk. 
Recalls and loss of large batches of materials place a heavy economic burden on the 
manufacturer. The need to include a preservative, or a mixture of preservatives, in order 
to prevent microbial spoilage or contamination of susceptible cosmetics and toiletries 
is also now universally accepted. The alternative of manufacturing these products in a 
sterile form in single-use containers would greatly increase their cost and is unjustifiable 
since a safe product can be prepared by a combination of good manufacturing hygiene 
and the inclusion of a suitable preservative system.

F U N C T I O N S  O F  P R E S E R V A T I V E S

Preservatives are chemical agents that prevent microbial growth in a product, rendering 
it safe and increasing its shelf life. Some workers would agree that a static action was all 
that was required of a preservative. Tenenbaum (10) suggested that the preservative 
ability of a product should be in excess of the minimum necessary to inhibit expected 
flora. He recommended that an ideal preservative system should be ‘self-sterilizing’. 
By the latter phrase, it is presumed he meant lethal to vegetative cells. A preservative 
should never be used to replace good manufacturing hygiene with continuous control of 
raw materials, especially water. The preservative is an aid in good manufacturing 
hygiene to combat unavoidable contaminants introduced in raw materials, from the 
equipment and containers used and from the operatives and the environment. Its main 
function is to prevent in use contamination by the consumer and to prolong the shelf 
life of the product. Ideally the preservative should be capable of eradicating high numbers 
of vegetative bacteria in case good manufacturing hygiene breaks down.

Any cosmetic or toiletry must be free from pathogens even in small numbers. With 
the exception of eye cosmetics and baby products cosmetics and toiletries need not be 
free from non-pathogenic bacteria and fungi provided they are there in low numbers and 
in a static state. It must, however, be remembered that the line between pathogens and 
non-pathogens is a very tenuous one varying with different individuals, age-groups 
and state of health; many organisms may be pathogens in the right environment. It is the 
function of the preservative to prevent contaminating organisms from multiplying and, 
ideally, it will eventually cause their death. Low numbers of non-pathogenic spores are 
probably harmless but the preservative must prevent the germination of these spores.

The type of in-use contamination depends to a large extent on the presentation. 
Products supplied in tubes are less likely to become contaminated by the consumer than 
those supplied in jars. Some eye cosmetics incorporating applicators may be particularly 
hazardous unless adequately preserved since organisms from the skin are transferred to 
the preparation. The effective preservative should be capable of preventing the multi
plication of any organism introduced during use whether this organism is a pathogen 
or a normal skin resident. Studies of the microflora of selected areas of skin (e.g. McCon- 
ville and Anderson (11) on the outer eye) will help the microbiologist in consideration of 
in-use contamination.

S E L E C T I O N  O F  A  P R E S E R V A T I V E  S Y S T E M

There is still no satisfactory way of choosing a preservative system for a particular 
formulation on a theoretical basis. Nor can one from the many published lists



Preservatives fo r  cosmetics and toiletries 5

(12, 13, 14, 15) of available preservatives be merely chosen. In fact to the uninitiated 
these lists can be misleading since some of the agents may not be effective as preservatives 
because of their limited antimicrobial spectrum. Examples of these are the quatern
ary ammonium compounds, trichlorocarbanilide, the halogenated salicylanilides and 
bromochlorophen, all of which are potent antimicrobials as active agents for preparations 
such as soaps and scrubs where activity against Gram-positive bacteria and substan- 
tivity to the skin are the prime considerations. They are not effective preservatives. 
Every formulation must be considered on an individual basis although some general 
rules apply (3). The development of a new cosmetic or toiletry formulation involves 
consideration and adequate testing of the preservative system at an early stage and the 
formulators and the microbiologist should work in close collaboration. The ideal preserva
tive does not exist and no one preservative system is satisfactory under all conditions. 
It may be that a combination of preservatives has to be used to obtain the desired effect 
in a particular formulation. The selection of a preservative depends on many factors
(15); important considerations are the physical and chemical nature of the product, its 
potential use (e.g. on normal or broken skin, on infants, around the eyes), the type of 
container and the desired shelf life.

All too frequently the final formulation can only be achieved on the basis of com
promise; safety, compatibility and efficacy are the most important factors influencing 
the preservative system. As Parker (16) points out although it is essential that the 
preservative capacity of a cosmetic is adequate to combat spoilage and in-use con
tamination it should not bestow the character of an antiseptic on the preparation. Many 
dermatologists regard the preservative as a necessary evil. Tronnier (17) makes the plea 
that cosmetic preservative levels should not be such as to upset the equilibrium of the 
biozone created by the microflora of the skin.

The search for new preservatives continues and new ones appear but no single example 
has yet matched up to the ideal. It has been suggested that it is perhaps unrealistic to 
expect any compound to possess all the properties attributed to the ideal preservative
(3); this belief is supported by the author.

P R O P E R T I E S  O F  T H E  I D E A L  P R E S E R V A T I V E

The properties of the ideal preservative have been listed by many workers (e.g. 3, 12, 
18). The following factors must be taken into consideration.

Antim icrobial activity

Any preservative must have broad spectrum antimicrobial activity since Gram-negative 
and Gram-positive bacteria, fungi and yeasts may be involved as contaminants and/or 
spoilage agents. The use of a preservative with high activity against some organisms and 
much lower activity against others may lead to the selection of insensitive organisms. 
One of the major disadvantages in the use of 2, 4, 4'-trichloro-2'-hydroxydiphenyl ether 
( Irgasan DP 300) as a preservative is its Pseudom onas gap (19). Since pseudomonads 
are the most commonly encountered contaminants in aqueous products their importance 
cannot be overlooked (10, 20). They can render conditions suitable for less adaptable 
spoilage organisms; for example they can create conditions favouring the growth of 
anaerobes (2).
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Coates (18) has reviewed the microbiological requirements of a preservative. While 
screening tests in solid or liquid media for the evaluation of the antimicrobial activity 
of potential preservatives are valuable in selecting agents worthy of further study they 
will not necessarily predict the activity in a formulation. This is readily understandable 
as other factors are involved, particularly the o/w partition coefficient since any effective 
preservative must be present in the aqueous phase. Thus, a compound whose m.i.c. is 
1000 pg/ml may protect an emulsion at a concentration of 0-1-0-2% while another agent 
which inhibits growth at 20 pg/ml in screening tests can fail to protect an emulsion 
even at a level of 0-4% (21). On the other hand, Charles and Carter (22) found that the 
parabens, esters of p-hydroxybenzoic acid, were more effective in finished formulations 
than had been expected from their performance in component testing. Our own work 
with some formulations supports this; a potential preservative must be further evaluated 
in different formulations at various concentrations to determine its efficacy under dif
ferent conditions.

Bactericidal, rather than bacteriostatic, activity is an added advantage although in 
most cases a preservative may be considered to be effective if it holds small numbers of 
non-pathogenic organisms in a quiescent state. Even a low level of preservative may be 
slowly bactericidal and a higher level, resulting in a more rapid bactericidal effect, may 
be undesirable because of skin irritancy and, indeed, may not be necessary.

The number of organisms challenging a preservative system must also be considered 
and the effect of inoculum size on the activity of any preservative should always be 
determined in the initial evaluation tests. In a formulated product an overwhelming 
microbial contamination may swamp the preservative system or, at best, may lengthen 
the time necessary to reduce the number of organisms to a safe, low level.

Resistance studies should also be carried out at an early stage on any potential 
preservative. Any agent which rapidly selects out insensitive strains of microorganisms 
is unlikely to be a satisfactory preservative.

T oxicologica l considerations

The ideal preservative must be safe in use; that is, it must be non-irritant, non-sensitizing 
and preferably non-poisonous.

No chemical can ever be listed as ever being totally non-allergenic or totally non
sensitizing (23). Even the parabens, which have been and still are widely used for the 
preservation of toiletries and cosmetics, cannot be regarded as completely safe. Paraben 
allergy was recognized in Europe in the early 1960s and later in the United States when 
a sensitization index of 0-8% was documented (24).

Sorbic acid, which was recommended as a preservative for formulations containing 
nonionic surface active agents (25) prior to the introduction of some of the newer pre
servatives, has a sensitization index probably slightly lower than that of the parabens 
(24). The phenolic group of preservatives also has its own problems (24). Two phenolics 
which are used as preservatives, chlorocresol (p-chloro-m-cresol) and especially chlor- 
oxylenol (p-chloro-w-xylenol), are known sensitizers and cross sensitization has been 
reported. The sensitization index for chlorocresol is 0-5% and in a survey of contact 
allergy by Calnan (26) chloroxylenol was second only to mercury in terms of sensitivity 
produced.

Formaldehyde, which has been widely used in shampoos (5, 7), constitutes a greater
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sensitization hazard than the parabens and the organic mercurials present the greatest 
hazard (24). Quaternary ammonium compounds are relatively weak sensitizers.

The sensitization potential of some of the newer preservatives is not yet fully estab
lished from the clinical point of view. It has been suggested that 2-bromo-2-nitropropane- 
1, 3-diol (Bronopol) may be used safely at the concentrations normally used in 
formulations (27). This compound was found to be a mild irritant when applied in soft 
yellow paraffin on to 149 eczematous patients at a concentration of 0-25% but no 
evidence of sensitization was seen in this study nor was there any suggestion of cross
sensitization with any other substance particularly formalin. Imidazolidinyl urea 
('Germall 115) is reported to be non-toxic, non-irritating and non-sensitizing (28); 
Irgasan DP 300 is said to be free of allergenic or photoallergenic potential on the basis 
of animal and human tests (29). There is some evidence that 6-acetoxy-2, 4-dimethyl-m- 
dioxane (D ioxin) is a sensitizer (24).

W ater solubility

The ideal preservative should be readily water soluble at the effective concentration 
since microbial growth occurs in the aqueous phase.

The low water solubility of the organic mercurials, Irgasan DP 300 and the parabens 
are marked disadvantages. Where water solubility is low, micellar solubilization of 
preservative molecules by compatible surfactants can be used to increase the amount of 
preservative in the system (18).

E ffect o f  p H , tem perature and storage times

The pH tolerance limits for microorganisms is between pH 2-11 and since cosmetic and 
toiletry formulations can cover a wide pH range the ideal preservative should be effective 
and stable in solution over this range. It should also be stable at temperatures likely to 
be encountered during the manufacture and storage life of the product.

It is well known that only the undissociated molecules of benzoic, dehydroacetic, 
salicylic and sorbic acids are active against microorganisms and that activity is lost with 
increasing pH. The parabens do not have the same pH dependence as benzoic acid but 
like phenols they show greater activity on the acid side of neutrality. Preservative 
dissociation as a function of pH has been reviewed by Wedderburn (3).

The ideal preservative should be non-volatile at temperatures used during manufac
ture as well as at normal storage temperatures. Volatility is a disadvantage of chloro- 
cresol, chloroxylenol and formaldehyde, for example.

E ffect o f  oil I water partition coefficient

Since microorganisms multiply in the aqueous phase of formulations the preservative 
must be available in an effective concentration in this phase. Aqueous solutions such as 
shampoos are therefore relatively easy to preserve since all the preservative is available 
providing that there is no chemical or physical incompatibility between it and the for
mulation or its container. The situation is obviously more complicated when the for
mulation is a cream or an emulsion; as Bean and his colleagues (6,30,31) have pointed out 
the failure of preservatives in this situation may frequently be attributed to the fact that
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only a proportion of the total quantity of preservative is available in the aqueous phase 
where it is required. The remainder partitions into the oily phase or associates with the 
emulsifying agent, the other major component, and is thus inactivated. The ideal pre
servative should therefore have a low oil/water partition coefficient.

It is therefore desirable that the oil/water partition coefficient (K °) of a preservative 
is known. The concentration in the aqueous phase (C „ )  at equilibrium may then be 
calculated for any total concentration (C) and any oil/water ratio (<J>) as follows (31):

= Cft + l) 
w 0  +  1

Thus, when the oil/water partition coefficient is low, most of the preservative is in the 
aqueous phase and an increase in the oil/water ratio in an emulsion increases the aqueous 
phase concentration. When the oil/water partition coefficient is high most of the pre
servative is in the oil phase and an increase in oil/water ratio reduces the concentration 
in the aqueous phase (6). High partition coefficient values are usually observed for 
vegetable oil/water systems and low values for mineral oil/water systems. This means that 
vegetable oil/water systems usually require a higher total concentration of preservative 
than do mineral oil/water systems (31).

Attention has been drawn to the importance of the concentration of the preservative 
at the oil/water interface. In an emulsion partition of the preservative occurs between the 
oil, water and emulsifier and its effectiveness is determined largely but not completely by 
its concentration free in the water. The distribution of the emulsifier influences the 
distribution of the preservative. The above equation is modified to:

=  C ft+ l)  
w k °j + r

where R  is the ratio of total/free preservative in the water (31).

Compatibility with other ingredients

The ideal preservative should be compatible with all the ingredients of modern cosmetics 
and toiletries. This is a very tall order in view of the many additives used in present day 
preparations.

Prior to the Second World War, almost all cosmetics and toiletries were stabilized 
by soaps, which made them alkaline, or by anionic surfactants; many anionics have 
some antibacterial action and also tend to potentiate preservative action (32). Formu
lations containing nonionic surfactants are usually formulated at neutral or slightly acid 
pH, a factor which enhances microbial growth. Incompatibility with newer cosmetic 
ingredients and particularly with nonionic surfactants has accounted for the failure of 
some of the older preservatives such as the parabens which at one time were considered to 
be ideal agents (3). Barr and Tice (25) and Wedderburn (32) examined the effect of some 
nonionic surfactants on preservatives in common use at that time and found that many 
of them, including the parabens, substituted phenols and quaternary ammonium com
pounds were inactivated to some extent when the ratio of the nonionics to preservative 
exceeded certain critical values. Benzoic and sorbic acids, formaldehyde and organic 
mercurials were affected to a much less extent. A vast amount of literature has accumu
lated on interactions between nonionic surfactants and preservatives (see reviews 3, 
33, 34).
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Other additives such as natural gums, thickeners, protein hydrolysates, carbohy
drates, fruit and vegetable juices, which are now frequently used in cosmetics, present 
additional problems since they may support growth of microorganisms and interact 
with some preservatives (34, 35, 36). Protein hydrolysates, for example, are particularly 
difficult to preserve (37, 38).

The preservative should not complex with or be adsorbed by suspended solid ingre
dients of a cosmetic. Studies in this field have been carried out by Horn et al (39).

A number of workers have reviewed methods, both physico-chemical and micro
biological, for studying interactions between preservatives and cosmetic ingredients 
(34, 40, 41, 42).

Com patibility with packaging

The ideal preservative must not be lost by passage through, or binding to, the packaging 
material. Interaction between preservatives and rubber has been well documented and the 
increasing use of plastic packaging has stimulated research into plastics/preservative 
interactions (see 3, 36). A satisfactory preservative should be non-corrosive to and 
retain its activity in the presence of metals and alloys such as aluminium and tin foil 
which are used as cap liners and in collapsible tubes.

Colour, odour, taste

The ideal preservative should be colourless, odourless and tasteless at use concentrations.

C ost

Finally, the ideal preservative should be cheap.
When all these properties are considered it is not surprising that the ideal compound 

does not exist and probably will never be found. The best use of the currently available 
preservatives must therefore be made and it cannot be emphasized too strongly that 
preservation should be the concern of both the formulator and the microbiologist at an 
early stage in formulation development. Each formulation must be regarded as a separate 
entity with its own preservation problems. The effectiveness of the preservative should 
be determined not only initially but throughout the shelf-life of the product. A preserva
tive which is satisfactory when the formulation is first prepared may become ineffective 
during its shelf-life for a number of reasons. It is good practice to test the preservative 
capacity of formulations at their maximum intended shelf-life. It may well be that in 
many instances the most satisfactory results will be obtained by using mixtures of pre
servatives.

Various reviews of preservatives have been published, one of the most comprehen
sive is that of Gucklhorn (13). A list of some of the older preservatives which have been 
in use for some time so that their principal properties and uses have been established is 
shown in Table I.

N E W  P R E S E R V A T I V E S

Over the last 10 years or so several new preservatives have appeared and some of these 
have yet still to be fully evaluated. These are considered in rather more detail here.



Ta
bl

e 
1.

 T
h

e 
a

d
va

n
ta

ge
s 

a
n

d
 d

is
a

d
va

n
ta

ge
s 

o
f 

so
m

e 
o

f 
th

e 
es

ta
b

li
sh

ed
 p

re
se

rv
at

iv
es

10 Betty Croshaw

<D

-5
co3
>

73a

o
bQo3
G
oJ
>

73
<

&

G
O
(J

43bG
5

O
43
O

15

>> 2

CO »3 

■ § E

B 2  
2  *  
3 °co O
a  —
Dso

a 3 'o cr 2  <u >  ^

3 a>
8 3  ft

o3 G
a  O

I § 

a a
8  o

' g
.2
*G03

"o3 r;

S ? »
0)
•B 2
<G <u .<D O G X l—l <L> -

o3 42 
co 2 
ca g  

O« 73 G> O D fl)CQ 73

73
C
G
o
aa
oo
a

.a
c
o

G
D

73
Co
a

DC
a

bG
G.3

rt
b0
o3

or -
as

-G
<D

X h
OJ J E

6
0

a . 2

bQ
di

15
*>,

03
>v

<u
X)

d3
0
03

co a bh O
<-«

'o
43
O
O

0

a
0CO

g
0
c3
3

aj
CO

rs
0

73
>v

43
<U

73
< a <

<3 ^

I
§ 3

3
o
73
O+->G
o3

734)
G
C
o3X)
G 73
2  is
E "3 — >

s y a
o . c
W « W

73 .a  og 2 <2
CQ P4 S

7 3
>.

43d>
2
15
|
£

*-< o  
-2 > 
O  ,CSa  ^  

G<D
>  G
a SkS *rt 

b0 r2  H
c  O  ^,3  ̂ &«4-. G . „ 
+ j (3 ^

_G 33
3 ¡2 S
bG 3Cfl u «  
<U o 
>  03 \3 X)

03rC
a

>  a
O 43 
o3 .-3 <U > Jh ¡>

Os
I I

I !
^  G 
'o  *S 
o> o

-2
3
J3 G
'o 03
co .G
u
2

«4-1
O

U(
13 .
> O

"c5 1) G •a bo
O O o3 G

a
G
0)
v?

G
2  2

o3
O

43

Du, a> eo ®
a '> G 0̂

CJ #G O (j> 
’3  73

B
3
Ui

>» 13
Vh

03 *r 
2  ^ 
G uirt fit

£  8

X
o

£
o £

G
£
X
o

*8
j ?

«3a

*a ao O
a ^G 3

3  *-<rr*

a
bG

0 su  O
a g

X) X)

CQ

G<D
-Ga

B S,O o3

s? a
o P

h
en

ol
ic

s 
(1

2
,1

3
) 

U
se

fu
l 

as
 p

a
ck

a
g

in
g

 p
re

se
rv

a
ti

ve
s 

a
n

d
 

L
o

w
 w

a
te

r 
so

lu
b

il
it

y
; 

p
a

rt
it

io
n

 i
n

to
 t

h
e 

oi
l

as
 a

ct
iv

e 
ag

en
ts

. 
p

h
a

se
; 

v
ol

a
ti

le
; 

in
co

m
p

a
ti

b
le

 w
it

h
 a

n
io

n
ic

s
a

b
ov

e 
cr

it
ic

a
l 

m
ic

el
le

 c
on

ce
n

tr
a

ti
on

 a
n

d
 w

it
h

 
n

on
io

n
ic

s;
 m

a
y

 b
e 

ir
ri

ta
n

t.



Preservatives fo r  cosmetics and toiletries 11

6 -A cetoxy -2 , 4-dim ethyl-m -dioxane (Dioxin)

Dioxin  has broad spectrum activity of a fairly low order (>625 pg/ml) so that its 
recommended use concentration is up to 0-2%. It is reported to be effective over a wide 
pH range and is not inactivated by nonionic surfactants (13, 19, 43, 44).

The compound is a water soluble liquid which is also miscible with oils, and there is 
a danger that it will migrate into the oil phase. In aqueous systems the ester group hydro
lyses to produce acetic acid which results in a slight lowering of the pH. It is claimed to 
be non-irritant and non-sensitizing at 1-0% concentration although, as already men
tioned, there is some more recent evidence that D ioxin  may be a sensitizer (24). The main 
disadvantage of D ioxin  is its strong odour which may affect the fragrance of the cos
metic product. D ioxin , at concentrations of OT-O-2%, was one of the compounds recom
mended for the preservation of anionic and nonionic lotions by Jacobs et al (45).

Cis isom er o f  \-{3-chloroallyl)-3, 5, 7-triaza-l-azonia-adam antane chloride (Dowicil 200)

D ow icil 200, a type of quaternary ammonium compound, has broad spectrum (13) 
activity being rather more effective against bacteria (m.i.c. of 50-500 pg/ml) than against 
fungi and yeasts. Parker has found some fungi to be more tolerant of this preservative 
(46). It has very high water solubility and low oil solubility; the oil/water partition 
coefficient for all the oils tested was < T 0  (47). It is unaffected by pH, nonionic and 
anionic surfactants and is said to be non-irritant and non-sensitizing at concentrations 
up to 2-0%. Solutions of D ow icil 200 should not be held at high temperatures. It releases 
formaldehyde in aqueous solution (48), a factor which explains its broad spectrum 
activity over a wide pH range and its retention of activity in the presence of surfactants. 
However, the possibility of irritancy and sensitization due to the release of formaldehyde 
cannot be overlooked.

D ow icil 200 is used for the preservation of shampoos (5) and at 0T % was found to 
be relatively effective against bacteria in a test cream, suspension and solution but 
ineffective against yeasts in the Barnes and Denton capacity test (49). It is recom
mended as an effective preservative atOT % for an anionic and a nonionic lotion although 
some discoloration occurred in the anionic lotion (45). D ow icil 200 has been used 
satisfactorily in Germany for the preservation of cosmetic creams, lotions and hair care 
preparations because of its wide pH range and good protein compatibility (50).

lm idazolidinyl urea com pound  (Germall 115)

Germ all 115 is more active against bacteria than against fungi and yeasts. It is effective 
over a wide pH range and is claimed to demonstrate its maximum preservation potency 
not in screening experiments but in tests with formulations; it often shows synergism 
with other antibacterial preservatives (28, 51). Germ all 115 is very soluble in water and 
almost insoluble in oils so that it remains in the aqueous phase. It is colourless, odourless, 
tasteless, stable and retains its activity in the presence of proteins and surfactants. It is 
said to be non-toxic, non-irritating and non-sensitizing.

A key property of Germ all 115 is probably its ability to act effectively with other 
preservatives (51). This was confirmed by Jacobs et al (45) who found that Germ all 115 
with parabens preserved their nonionic and anionic lotions whereas Germ all on its own 
did not.
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2-Brom o-2-nitropropane-\, 3-diol (Bronopol)
Bronopol has broadspectrum antibacterial activity with somewhat lower activity against 
fungi and yeasts. It is effective over a wide pH range and inhibits most bacteria at 
25pg/ml (52, 53, 54).

It is highly soluble in water, whereas its solubility in oils is very low and the oil/water 
partition coefficient is low; e.g. liquid paraffin/water 0-043; arachis oil/water 0-11. It is 
not adversely affected by anionic and nonionic surfactants (44, 52, 55) and synergism 
between Bronopol and some octyl or nonyl phenol nonionic surfactants has been des
cribed (55). Since it also maintains its activity in the presence of protein hydrolysates, 
it is a very useful preservative for all types of shampoos (5, 7, 37, 56).

Aqueous solutions slowly decompose when alkaline, sometimes with the production 
of a yellow colour. Decomposition is accelerated by increasing the pH and the tempera
ture. In spite of this instability at alkaline pH, B ronopol can be very effective as a labile 
preservative in alkaline formulations.

B ronopol is odourless and colourless but it is incompatible with some metals, e.g. 
aluminium, so that the type of container and liner must be taken into consideration.

Thiol-containing enzymes are involved in the mode of action of B ronopol against 
bacteria (52, 57). The selectivity of the compound for microorganisms indicated by its 
very low mammalian toxicity, may be due in part to its rapid metabolism by the body 
tissues (58).

5-B rom o-5-nitro-l, 3-dioxan  (Bronidox)
B ronidox has broad spectrum activity but its physical and chemical properties have not 
been fully described (59, 60). It is still under evaluation and its chemical stability and 
toxicological properties have not yet been reported. It is available as B ronidox L  con
taining 10% of active agent in T2 propylene glycol.

Kathon 886 (or  CG)
This new antimicrobial agent, consisting of a 12-8% aqueous solution of 5-chloro-2- 
methyl-4-isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one, also has broad spectrum 
activity (61). The product requires evaluation as a preservative in the cosmetic field.

Some preliminary data from the author’s laboratory on the stability of aqueous 
solutions of Bronidox L  and Kathon C G  at various pH levels are shown in Table II.

T a b le  n .  S ta b i li t y  o f  a q u e o u s  s o lu t io n s  o f  B r o n i d o x  L  a n d  K a t h o n  C G  a t  3 7 ° C *

C o n c e n t r a t io n  ( % )  o f  a c t iv e  in g r e d ie n t  a t  t im e  in  w e e k s

0 1 2 4 14

Bronidox L  p H  4 0 -2 0 -1 4 - t 0 -1 4 0 0 9
6 0 -2 0 -1 6 — 0 1 4 0 -0 9
8 0 -2 0 -1 4 — 0 -1 2 0 -0 5

Kathon CG p H  4 0 -0 1 1 0 -0 1 1 0  011 0  O i l 0  O i l
6 0 0 1 1 0 -0 1 0 0 -0 1 0 0 -0 0 9 0  0 0 7
8 0  O i l 0 -0 0 8 0 0 0 7 5 0 -0 0 5 < 0  0 01 1

* T h e  b u f fe r  s o lu t io n  u s e d  w a s  M c l l v a i n e ’ s 0 -2 m  N a 2H P 0 4 a n d  0 1 m  c i t r i c  a c id .  A  2 %  s o lu t io n  
o f  Bronidox L ,  c o r r e s p o n d in g  t o  0 - 2 %  o f  a c t iv e  in g r e d ie n t , a n d  a  1 %  s o lu t io n  o f  Kathon CG, 
c o r r e s p o n d in g  t o  0 -0 1 1  %  o f  a c t iv e  in g r e d ie n ts , w e r e  e x a m in e d  b y  m ic r o b i o lo g i c a l  a ss a y , t  N o t  
te s te d .
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The spectra of antimicrobial activity of some established and of some newer preserva
tives are compared in Tables I I I  and IV .

Table i n .  B a c te r io s t a t ic  a c t iv ity  in a g a r  o f  p re s e rv a t iv e s

P r e s e rv a t iv e S ta p h y lo co cc i

m .i .c .  (p tg /m l) 

P seu d om onad s

o f  le a st  s e n s it iv e  s tr a in *

O t h e r  G r a m - v e  M o u ld s  a n d  y e a s ts  
b a c te r ia

B e n z y l  a l c o h o l  
B e n z a lk o n iu m

> 3 2 0 0 3 2 0 0 > 3 2 0 0 > 3 2 0 0

c h lo r id e 3-1 3 2 0 0 8 0 0 1 6 0 0
B e n z o ic  a c id 1 0 0 1 6 0 0 1 6 0 0 8 0 0
F o r m a ld e h y d e
M e t h y lh y d r o x y -

1 00 2 0 0 1 00 2 0 0

b e n z o a t e 3 2 0 0 3 2 0 0 8 0 0 1 6 0 0
N ip a s ta t  
P h e n y l  m e r c u r ic

8 0 0 3 2 0 0 8 0 0 8 0 0

a c e ta te 3-1 25 6 -2 5 6 -2 5
C h l o r o c r e s o l 2 0 0 4 0 0 2 0 0 2 0 0
P h e n o x y e th a n o l > 3 2 0 0 > 3 2 0 0 > 3 2 0 0 > 3 2 0 0

* T h e s e  tests  w e r e  c a r r ie d  o u t ,  u s in g  t w o - f o l d  s e r ia l d i lu t io n  o f  p re s e rv a t iv e s  in  O x o i d  b l o o d  
a g a r  b a s e  f o r  th e  b a c te r ia  a n d  m a lt  e x t r a c t  a g a r  f o r  th e  y e a s ts  a n d  m o u ld s ,  b y  s u r fa c e  i n o c u 
la t io n  w ith  a  m u lt i -p o in t  i n o c u la t o r  (7 3 ) .  T h e  test o r g a n is m s  in c lu d e d  s e v e ra l s tr a in s  o f  S ta p h ylo 
c o ccu s  aureus, Staph, epiderm idis, E sch erich ia  co li, K lebsiella  a erog en es , K leb . p n eum onia e, 
S alm onella  typhi-m urium , F lavobacteriu m  m en ingosepticum , S erratia  m arcescen s, P ro teu s  sp ., 
P seu dom on a s  s p . ,  in c lu d in g  P s. aeruginosa, P s. f lu o rescen s , P s . cep a cia , P s. putida, P s . stu tzeri, 
Candida a lbicans, C. tropica lis, A sp erg illu s  niger, P én icillium  ro q u e fo r li a n d  o r g a n is m s  is o la t e d  
f r o m  c o n t a m in a t e d  p r o d u c t s .  T h e  m in im u m  in h ib i t o r y  c o n c e n t r a t io n s  ( m . i . c . )  w e r e  r e c o r d e d  
a f te r  4 8  h  a t  3 2 ° C  f o r  th e  b a c te r ia  a n d  5 d a y s  a t  3 0 ° C  f o r  th e  m o u ld s  a n d  y e a s ts .

Table TV. B a c te r io s t a t ic  a c t iv i ty  in  a g a r  o f  n e w e r  p re s e rv a t iv e s

m .i .c .  ( ( i g /m l )  o f  le a st  s e n s it iv e  s tr a in *

P r e s e rv a t iv e S ta p h y lo co cc i P seu dom onads O t h e r  G r a m - v e  
b a c te r ia

M o u ld s  a n d  y e a s ts

G erm all 115 8 0 0 > 1 6 0 0 8 0 0 > 3 2 0 0
D io x in 1 6 0 0 1 6 0 0 1 6 0 0 8 0 0
D o w ic il 2 0 0 2 0 0 > 1 6 0 0 4 0 0 > 1 6 0 0
B ron op o l 2 5 2 5 2 5 3 2 0 0
B ron id ox  L 5 0 f 1 00 5 0 2 0 0
K athon  C G 1 2 -5 f 12-5 6 -25 12-5
P henon ip 1 6 0 0 3 2 0 0 3 2 0 0 1 6 0 0

* s e e  f o o t n o t e  T able III . f  n g /m l  o f  a c t iv e  in g re d ie n ts .

P R E S E R V A T I V E  M I X T U R E S  A N D  C O M B I N A T I O N S

The use of preservative mixtures has been recently reviewed by Parker (19, 62) and 
Garrett (63) has discussed the rationales for the use of preservative combinations. 
These are; (i) the spectrum of activity can be increased; (ii) the toxicological hazard can 
be reduced by using lower concentrations of component preservatives; (iii) the develop
ment of the resistance of an organism to one preservative alone may be prevented; 
(iv) the response may exceed prediction from the separate preservative action or from
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any concentration of one preservative alone; (v) convenience of use of smaller pre
servative amounts or economic savings may result.

The author suggests that the combination of a highly active labile preservative with 
a less active but more stable one to control prolonged in-use contamination is a further 
justification for preservative combinations.

Mixtures of parabens in place of a single ester have been used for a long time (64); 
claims for these mixtures, which are available commercially e.g. Nipasept, N ipastat, 
have varied from simple additive effects to potentiation (see 12). Probably the main 
advantage is that the solubilities of the individual esters in the mixture are independent 
of each other so that a higher total concentration can be used.

More recently, Phenonip, a combination of parabens and P h en oxeto l (phenoxy- 
ethanol), has been evaluated and found to be a potent, wide-spectrum liquid preservative 
effective in the presence of anionic surfactants and proteins. There is some loss of 
activity in nonionic surfactants, in which Phenonip is very soluble, but this can be offset 
by utilizing the solubilization to create higher concentrations of the preservative in the 
product (65, 66, 67).

Examples of extension of the microbial spectrum are the combinations of parabens 
with compounds showing low antifungal activity such as D ow icil 200 and Bronopol. 
From our own experience a mixture of B ronopol and parabens can also be useful in 
some alkaline formulations where the B ronopol is effective as a labile preservative and the 
paraben will combat in-use contamination.

Germ all 115 is reported to act synergistically with other preservatives (51); it is 
certainly useful in combination with parabens but true synergy is a rare occurrence.

The use of mercurials with parabens to reduce the toxicity of the former may be 
useful in some formulations (19).

Parker suggested in 1973 that the use of multicomponent preservative systems on a 
rational basis was probably the only way to preserve the complex formulations in use 
(62). This is still true today and may well be for some time to come since our knowledge 
of preservatives and their mode of action is still largely empirical. We cannot, therefore, 
hope to design an individual preservative or combination of preservatives that will 
match up to the ideal.
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Synopsis

O n e  h u n d r e d  a n d  f o r t y  s e v e n  c o s m e t i c  p r o d u c t s  p u r c h a s e d  f r o m  f iv e  re ta il s h o p s  in  1 9 7 4  w e r e  e x a m in e d  
m ic r o b i o lo g i c a l l y .  V ia b le  b a c te r ia  w e r e  n o t  r e c o v e r e d  f r o m  n in e ty -n in e  p r o d u c t s .  G r a m -n e g a t iv e  r o d s  
w e r e  is o la t e d  f r o m  6-1  %  o f  p r o d u c t s  a n d  Pseudomonas s p p . f r o m  4 -1  %  o f  p r o d u c t s .

Introduction

In recent years increasing interest has been shown in the susceptibility of cosmetics and 
toiletry products to microbial contamination and the potential risk of infection to the 
user of those products. A  number of workers have attempted to determine the incidence 
of contamination; the results from these surveys are conflicting and contamination rates 
have been found to vary from 2-5% to 43% (1-8). There is even less information on the 
possible health risk to the user of contaminated products. Two cases are often quoted 
from experience in hospitals (9, 10).

This paper presents the results of an investigation into the microbial contamination of 
unused cosmetic and toiletry products at the point of sale.

Materials and methods

A total of 147 unused cosmetic products were purchased from five retail shops near this 
hospital in July 1974. These comprised a wide range of preparations as shown in Table I. 
Where possible aqueous products were bought in preference to oily products.

One gram or 1 ml of product was homogenized in 20 ml of 4%  Lubrol W  in Nutrient 
Broth (Oxoid) using a Stomacher 80 (Seward). Products containing halogen compounds 
were homogenized in Nutrient Broth (Oxoid) containing 1% sodium thiosulphate. 
Phenolic products were diluted in 100 ml Nutrient Broth (Oxoid). All broths were 
incubated aerobically at 37°C overnight, then sub-cultured to Horse Blood Agar (Oxoid), 
MacConkey Agar and Cetrimide Agar 0-03% and incubated overnight at 37°C. Resulting 
colonies were identified; some of the Gram-negative rods were sent to the Computer 
Laboratory at Colindale for confirmation. Colony counts were only carried out on those 
products from which Gram-negative rods were isolated.

17
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Table I .  T y p e  o f  p r o d u c t s  s a m p le d  a n d  n u m b e r  c o n ta m in a te d

P r o d u c t
N o .  o f  

s a m p le s N o .  c o n ta m in a te d
T y p e  o f  

c o n t a m in a t io n N u m b e r

C r e a m s  a n d  L o t io n s
H a n d c r e a m 27 9 a s b 4

g + 5

g - 1
C le a n s e r 24 12 a s b 6

g + 3

g - 3
F o u n d a t io n 8 5 a s b 4

g + 2
M e d ic a t e d  t o p ic a l 8 2 a s b 2

g + 1
E y e  m a k e -u p

S h a d o w 5 5 a s b 3

g + 3
L in e r 3 1 a s b 1
M a s c a r a 6 4 a s b 1

g + 2

g - 1
N o n - m e d ic a t e d  e y e  d r o p 8 0

B a b y
L o t i o n  a n d  s h a m p o o 12 1 g + 1

D e n ta l
T o o t h p a s t e 1 0
D e n t u r e  c le a n in g  s o lu t io n 2 0
D e n t u r e  p o w d e r  a n d  c r e a m 2 2 g - 2
T e e t h in g  g e l 2 0

S o a p s  a n d  d e te rg e n ts
B a th  d e te rg e n t 1 0
S h a m p o o 9 0
C o n d i t io n e r 10 3 g + 1

g - 2
S o a p 1 1 a s b 1

M is c e l la n e o u s
D e p i la t o r y 6 1 g + 1
D e o d o r a n t 2 0
S u n -ta n n in g  a n d  a f te r -s u n  lo t i o n 10 2 a s b 1

g + 1

T o t a l 147 4 8  ( 3 2 - 7 % ) a s b 23

g + 2 0

g - 9

K e y ,  a s b :  a e r o b i c  s p o r e  b e a r e r ;  g +  : n o n - h a e m o ly t i c  c o a g u la s e  n e g a t iv e  G r a m -p o s i t iv e  c o c c i ;  g — : 
G r a m -n e g a t iv e  r o d .

Results

Of the 147 cosmetic preparations examined, ninety-nine showed no bacterial growth. A  
variety of contaminants were isolated from most types of products ( Table I ). Aerobic 
spore bearers were isolated from 23 preparations; Staph, aureus was not found but non- 
haemolytic coagulase negative Gram-positive cocci were isolated from twenty products.
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On several occasions both these types of organism were isolated from the same product. 
Gram-negative rods were isolated from nine cosmetic products which included three 
cleansers, two hair preparations, two dental products, one hand-cream and one eye pro
duct, as shown in Table II. Several free-living bacteria were isolated from the dental 
powder. None of these preparations showed visible signs of bacterial contamination or 
degradation, despite the fact that the counts ranged from 103-106 organisms g_1 or ml"1. 
When counts on these products were repeated a year later, in seven instances the counts 
were found to be unchanged ; no evidence of contamination was detected, however, in the 
dental cream or in the moisture cream.

Table II. G r a m -n e g a t iv e  r o d s  f o u n d  in  c o s m e t ic s

N o .  o f  o r g a n is m s
C o n t a m in a n t P r o d u c t ( g _1 o r  m l -1 )

P seu d om on a s aeruginosa L a n o l in  h a n d -c r e a m 1 -2  X  1 0 3
P . m altophilia M a s c a r a 7  0  X  1 0 5
P . p seu d oa lca ligen es C le a n s in g  m ilk 3 1  X  1 0 4
P . pseu d oa lca lig en es H a ir  c r e a m 1-9  X  1 0 4
P . flu o rescen s H a ir  o i l 4  0  X  1 0 4
P . putida C le a n s in g  je l ly 2 -5  X  1 0 4
M o ra x e lla  osloen sis M o i s t u r e  c r e a m 1-3 X  1 0 3
E n tero b a cter  c loa ca e D e n t a l  c r e a m 2 -3  X  1 0 5
K leb siella  a erog en es D e n ta l  p o w d e r 3 -4  X  1 0 6
K . o x y to c a D e n t a l  p o w d e r
Erw inia h erb icola D e n ta l  p o w d e r
E n terob a cter  c lo a ca e D e n ta l  p o w d e r

Discussion

There are a number of explanations for the differing results from the surveys on the 
incidence of contamination in cosmetic products. Different types of product have been 
sampled; certain products, particularly aqueous products, are known to be more suscept
ible to contamination than others. In some surveys only one type of product has been 
sampled, such as cosmetics for the eye (5). Methods of sampling and cultivation have also 
varied; some have involved direct culture of the product, whilst others have used enrich
ment techniques. In the case of the latter, higher contamination rates have generally been 
found. Neutralization of antibacterial agents has also varied from survey to survey, or 
may have been overlooked.

With one exception (8), the results from all surveys, including this one, are based on 
the examination of a limited number of samples, mostly less than 250 products. Interpre
tation of results, expressed as percentages, is therefore restricted, but these results may be 
used for comparative purposes. Two recent studies have suggested that the incidence of 
contamination may be declining (2, 7). Evidence for an overall improvement in micro
biological quality in cosmetic products is not, however, conclusive. Higher contamination 
rates in our survey may be partly explained by the use of a broth enrichment method and 
by the selection of aqueous, in preference to oily, products.

Our results support the findings of others in that some form of contamination in the 
finished product seems to be inevitable at present, particularly contamination caused by 
aerobic spore bearers and Gram-positive cocci. Of more concern, however, is the presence
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of Gram-negative bacteria and especially Pseudom onas spp. In this study Gram-negative 
bacteria were isolated from 6-1% of cosmetics and Pseudom onas spp. from 4-1% of 
cosmetics. This interest in the cosmetic field has been stimulated by the increasing number 
of reports on the occurrence of these types of organisms in pharmaceutical products. 
Recently, attention has been drawn to the problem of contamination by some of the less 
generally considered pathogens. Use of such contaminated preparations in hospitals has 
in some cases been associated with the development of clinical infections in patients. 
Certain cosmetics, such as hand-cream and lotions, are frequently used in hospitals to 
prevent chapping of hands and in the control of cross-infection. Studies at this hospital 
have shown that these products may be an important source of contamination and that 
continued use of such products can contribute to the spread of nosocomial infections in 
the ward (11, 12).

Although much of the evidence for the occurrence and significance of contamination 
in cosmetics and toiletries is conflicting and inconclusive, it would be wrong to assume 
that the hazard does not exist. More information is required on the incidence of contami
nation in both used and unused cosmetics, using standardized methods of sampling and 
cultivation. This is a fruitful area for collaboration between the microbiologist and 
pharmacist in industry and their counterparts in hospital.
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M icro b io lo g ica l a p p lica tio n s  o f a novel rep lip ad  
skin  sam p ler

H. D IX O N  and A .  K . P A N E Z A If Beecham  Products Research Departm ent, 
Randalls Road, Leatherhead, Surrey K T22 7R X

Synopsis

A bacteriological skin sampler which can be used to obtain microbial prints of the axilla is described. 
Various applications include in vitro and in vivo evaluation of the antimicrobial properties of deodorant 
and other products using the subject’s skin microflora.

Introduction

The human axillary microflora is of special interest to the cosmetic microbiologist when 
testing deodorant products, since bacteria have been reported to have association with 
body odour (1, 2). Various methods have been used for sampling the skin microflora 
which include contact plate, agar sausage, sticky tape stripping, swabbing, scrub tech
niques and skin biopsy, but because of the peculiar shape of the axillary vault recoveries 
may be unreliable and few of these methods are suitable in practice.

The velvet pad method originates from the well-known replica-plating technique (3) 
which employs a sterile velvet pad to print bacteria from the master plate onto culture 
plates containing special media. This method has been extended by other workers and 
used for studying the bacterial flora of infected wounds and burns (4), for evaluating the 
relative efficiencies of common skin antiseptics (5), and as a means of making colony 
counts of pathogenic and commensal flora on the body surface (6).

AXILLARY SKIN SAMPLER (VELVET REPLIPAD)

The skin sampling device suggested by the authors was developed by *Strands Scientific 
specially to fit the axillary vault. Bacteria colonizing the skin surface are transferred by 
means of a sterile, moistened velvet pad to a suitable recovery medium. A sufficient 
number of organisms attach themselves to the velvet pad to enable culture plates to be 
successively inoculated. The sampling tool consists essentially of an anodised tapered 
holder and clamping ring which together hold the circular velvet pad (Fig. 1). When 
assembled, the sampler is enclosed in an autoclavable bag and sterilized in an autoclave 
at 121°C for 15 min.

EXPERIMENTAL

To obtain a microbial print, the sterile velvet pad is moistened and rendered slightly 
sticky, by bringing it into contact with the moist surface of an agar plate (the recovery

* Strands Scientific, Scientific House, 32 Bridge Street, Sandiacre, Nottingham NG10 5BA. 
t Present address: Bacteriology Dept., Building 320, The Wellcome Foundation, Temple Hill, 

Dartford, Kent, where requests for reprints should be sent.
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medium). The velvet head of the sampler is pressed firmly into the axilla, and then 
applied to the same area of culture plate. After suitable incubation a microbial print 
of the axilla surface is obtained.

Brain Heart Infusion Agar (B.H.I.A.) supplemented with 0-5% Tween 80 is recom
mended for the isolation of axillary bacteria. After 24-48 h, the common resident bac
teria, staphylococci, pigmented micrococci and diphtheroids may be readily seen and 
identified.

TESTING A DEODORANT FOR ANTIBACTERIAL ACTIVITY IN VITRO

For this purpose a modified agar diffusion test is used. The method of evaluation departs 
from standard procedure by using freshly isolated resident axillary microflora as test 
organisms in place of type culture or stock culture strains which have been passaged 
several times artificially.

For economy, the test is carried out by using small disposable Petri dishes 60 x 13 mm 
(Sterilin). About 12 ml of B.H.I.A. are poured into each dish. When hardened the agar is 
inoculated by means of the axilla sampler as previously described. A 6-mm antibiotic 
assay disc (Whatman) is impregnated with the test deodorant and placed in the centre of 
the print. Blank discs impregnated with sterile water and a reference standard consisting 
of the test antimicrobial in simple aqueous solution should be set up at the same time. 
Dishes are incubated at 37°C for 24 to 48 h after which zones of inhibition are recorded 
(Fig. 2).

INTERPRETATION

A deodorant with good antibacterial potential should give a well-defined clear zone of 
inhibition. Antimicrobial activity is sometimes modified by interaction with other formu
lation ingredients. Such interaction can be dramatically revealed by comparing the 
activity of the antimicrobial in aqueous solution with the finished product containing the 
same active ingredient (Fig. 3).

For products which may exhibit antibacterial activity but diffuse poorly, the following 
direct contact method is recommended.

DIRECT CONTACT IN VITRO TEST

A sterile filter circle (Whatman 4-25 cm) is treated with test material, drained, and 
applied to an axilla print for 1 h after which it is removed. Suitable controls should be 
prepared at the same time consisting of sterile filter circles treated with sterile water, 
the appropriate solvent and the product without active ingredient. Circles are removed 
after 1 h as in the test procedure. Plates are incubated at 37°C and presence or absence 
of growth recorded after 24 and 48 h.

EVALUATION OF PRODUCT’ S ANTIBACTERIAL ACTIVITY IN VIVO

Skin lipids are known to have the effect of greatly reducing the activity of some antimicro
bial agents, so that for realistic results the product needs to be evaluated on the skin, and 
for deodorants, the axilla is the appropriate area for testing. Before commencing the trial 
it is important to establish that toiletries which contain antimicrobial agents (anti-



Figure 1. Velvet Pad Axillary Skin Sampler.
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Figure 2. Disc diffusion test using axillary prints. A clear zone of inhibition surrounds the right 
hand disc which has been treated with deodorant, indicating satisfactory antibacterial activity 
in vitro. The blank control disc shows no activity against similar axillary microorganisms 
(staphylococci, micrococci and diphtheroids).

Figure 3. (a) Print showing axillary microflora with blank control disc, (b) Similar print in which 
the disc has been treated with an antimicrobial agent (Irgasan DP 300). (c) Demonstrates inter
action of antimicrobial with Tween 80. Activity is seen to be much reduced.



Figure 4. Pre-treatment print shows normal density of axillary microflora compared with print 
showing a substantial reduction in microorganisms following treatment of the axilla with 
aluminium chlorhydrate. (Large colonies are due to small numbers and prolonged incubation.)

Figure 5. Prints showing microflora on different human skin surfaces, (a) Axilla (+  +  + ). (b) 
Forehead ( +  ). (c) Cheek ( +  ). (d) Inner aspect of forearm ( + ).
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perspirants, deodorants, medicated soaps) have not been recently used by the subject 
undergoing the test. Bland soap only should be used for a period of 2 to 3 weeks before 
testing. The following protocol is intended only as a guideline and may be suitably 
modified as required.

Control pre-treatment samples to provide a base-line are obtained with the velvet 
Replipad at 24 and 48 h intervals, after which the test material is applied as in normal use 
once or twice daily for 3-6 days. Prints are taken 18 h after final application (Fig. 4). 
To follow duration of effect further prints may be taken at 24-h intervals. The effect of the 
antimicrobial may be assessed in terms of reduction in numbers of microorganisms 
(marked, moderate, slight reduction of surface bacteria). Changes in the ratio of member 
species (staphylococci, micrococci and diphtheroids) and introduction of new species or 
strains (Gram negative bacteria) may also be recorded. A suitable scoring system for the 
grading of growth is as follows:

Growth Scoring System

± + + +  + + +
Colonies too Heavy

<30 colonies 30-200 colonies numerous confluent
to count growth

Discussion

For test purposes the axilla offers a rich source of microorganisms and the velvet Replipad 
technique currently described provides a simple, rapid and convenient method of sampl
ing this area of the skin. The fact that the test organisms represent the natural flora of the 
skin makes for a realistic method and one which is specially relevant to the testing of 
deodorant products. Useful information concerning residual activity can be obtained by 
taking prints for several days after treatment has ceased, since duration of antimicrobial 
effect may be short-lived or prolonged, depending on potency, skin substantivity and 
compatibility of the active ingredient.

The sampler may be used for investigating other skin sites, for example the scalp, 
forehead, face and hands; it will provide interesting information regarding the distri
bution, density and bacterial species colonizing the skin surface (Fig. 5).

The Replipad sampler may be used to monitor ecological changes in the skin micro
flora resulting from the application of cosmetic and toiletry products, skin antiseptics, 
occlusive dressings, etc. It may also be used as a replicating system to evaluate the 
sensitivity/resistance of resident microorganisms or clinical isolates, to antibiotics and 
other antimicrobial agents.

Main advantage of the print technique is that the microflora of the stratum corneum  
are probably less disturbed ; and therefore more realistically represented in terms of ratio 
of member species. These can be more easily differentiated on the agar plate than by 
swabbing, or other methods where aggregates of cells are subsequently broken up.

A relatively large area of skin can be investigated with good reproducibility. In
accessible areas of skin such as the axillary vault are easily sampled. A sufficient number 
of organisms may be picked up on the velvet pad to obtain four to six successive ino
culations on plates of selective media.

Finally, when conducting a trial involving a large number of subjects not least in 
importance is the approval and acceptance of the sampling techniques by the participants; 
experience has shown that the velvet Replipad technique admirably suits this purpose.
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Synopsis

Dihydroxyacetone (DHA) has been allowed to react with a series o f aminoacids in water solution. The dark 
solutions or suspensions obtained, were dialysed giving brown ‘pigments’ (melanoidins) which were 
subjected to instrumental analysis. Visible absorption spectra o f their water solutions have no special 
features, while u.v. spectra show at best a slight maximum around 310-330 nm. I.R. spectra o f all the 
products studied show broad bands around 3400, 1600 and 1400 cm-1. All these melanoidins exhibit a 
strong Electron Spin Resonance (E.S.R.) signal. The E.S.R. spectra recorded in the solid state are single 
lines of 6-12 gauss linewidth, centred around g = 2, which correspond to rather inert unpaired electrons 
since they can be observed in water solution as well. These data suggest that the reaction products o f DHA 
with aminoacids, are conjugated polymers. The mechanism o f skin tanning by DHA is discussed in view 
of these results.

Introduction

Although the first mention that dihydroxyacetone (DHA) makes human skin brown was 
published almost 50 years ago (1), still very little is known about the nature of the pig
ments formed. Soon after the first suntan-simulating cosmetic preparations appeared on 
the market, it was found that aminoacids were able to form brown or black products 
with DHA (2-4) and it is generally admitted now, that its tanning effect on skin is due to a 
condensation with amino groups of keratin and aminoacids released by sweat. The 
purpose of the present work was to isolate the ultimate coloured pigments formed in the 
reaction of aminoacids with DHA, which are very similar to the melanoidins formed in 
their so-called MAILLARD reaction with sugars (5), and to carry out a complete 
spectroscopic study of these products in order to gain more information about their 
structure.

Experimental and results

I. REACTIONS CARRIED OUT AT 100°C

Equimolar quantities (0.1 or 0.05 mol) of DHA and aminoacids usually in 25 ml of water, 
were allowed to react at 100°C on a steam bath for 4 h with refluxing. In some cases 
(especially when the aminoacid was not soluble enough) a greater amount of water was 
used (50 or 100 ml) and, or, an equimolar quantity of alkali (triethanolamine or sodium 
hydroxyde) was added. The reaction started almost immediately with formation of 
colour: yellow, then red and finally dark brown. In most cases a gas evolution was 
noticeable. Some experiments have also been carried out at 37°C using the same quan
tities of reactants but for longer periods, usually 24 h.

25
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After cooling, the resultant dark brown viscous mixtures were diluted to about four 
times their volume and dialysed against tap water for at least 48 h. All the lower molecular 
weight coloured products were thus eliminated and only the highly polymerized pigments 
were retained for study. The dialysed solutions or suspensions were then evaporated to 
dryness by heating on a steam bath, and the black or brown residues were ground to 
powder form.

Yields

Yields have been taken as the amount of purified melanoidin collected, for 100 g of 
starting material (aminoacid +  DHA). Table I  gives the values thus calculated for a num
ber of aminoacids. The best yields have been obtained for lysine, glycine, alanine, serine 
and the non-alpha aminoacids, especially 6-aminohexanoic acid. Arginine gave the 
poorest yield, a result which does not very well agree with the finding by Wittgenstein (4) 
that it was the most reactive aminoacid towards DHA and probably one of the most 
important in its tanning effect on human skin. It is also worth noticing that for glycine at 
least, less melanoidin was produced when triethanolamine and especially sodium hydro- 
xyde, was added to the reaction medium. Only two aminoacids gave values in excess of 
20% which is rather low, but it is to be remembered that at least some of the acids have 
probably been decarboxylated with production of carbon dioxide, that condensations 
and polymerizations leading to melanoidins imply at least some dehydration of the 
molecules, and finally that low molecular weight reaction products are eliminated by 
dialysis, all processes which can account for loss of solid matter.

Table I. Melanoidins recovered after reaction of DHA with aminoacids for 4 h at 100°C

Aminoacid Alkali added % Yield

Gly 16-4
Gly triethanolamine 9-9
Gly Na OH 5-8
Ala 12-3
Val 9-5
Leu 6-5
Ser 12-2
Asp 2-3
Glu 3 0
Glu Na OH 5-2
Arg 1-7
Lys 29-7
Phe Na OH 10-7
Tyr Na OH 2-4
3-aminopropionic 11-7
4-aminobutyric 14-3
5-aminopentanoic 10-8
6-aminohexanoic 23-0

Ultra-violet and visible absorption spectra

U.Y. and visible absorption spectra of 0-005 or 0-01% water solutions of the melanoidins 
have been recorded with regular equipment. In some cases the pH had to be raised with 
ammonia in order to fully solubilize the samples. No obvious change in the shape of the



Reaction products o f dihydroxyacetone 27

Figure 1. U.V. spectra in 0-005 % aqueous solution (1 cm cell) o f melanoidins prepared by reacting 
DHA at 100°C with beta-alanine, glycine, glutamic acid and tyrosine, and purified by dialysis. The 
solution o f beta-alanine has been brought to pH =  9.8 with ammonia, x , ¡3 Ala; • , Gly ; + ,  Glu; 
O, Tyr.

Table EL U.V. absorption in 0-01 % water solution, o f melanoidins obtained by reaction o f DHA 
with aminoacids for 4 h at 100°C (1 cm cell)

Aminoacid pH Optical density

Gly 61 1-91 at 310 nm
100 1-81 at 310

Gly+trieth 1-72 at 310
G ly+N a OH 1 -28 at 320
Ala 2-02 at 320
Val 9-8 2-24 at 310
Leu 9-7 1-54 at 320
Ser 1-82 at 320
Asp 1-20 at 320
Glu 1-40 at 320
Glu +  Na OH 1-36 at 320
Arg 0-38 at 320
Lys 1T7 at 330
Phe+Na OH >1-25 at 260, >0-99 at 310
Tyr+N a OH 0-86 at 270, 0-64 at 330
3-aminopropionic 5-9 1-86 at 310

9-8 2-14 at 320
4-aminobutyric 9-7 1-84 at 320
5-aminopentanoic 9-7 1-68 at 320
6-aminohexanoic 9-7 1-63 at 320
8-aminooctanoic 9-7 1-35 at 310

Underlined wavelengths correspond to a maximum.

curves with pH was noticed. The spectra (Fig. 1) are all very similar, with no special 
features except for a shoulder (or an occasional maximum) around 320 nm. The mela
noidins of phenylalanine and tyrosine however, show an additional maximum corre
sponding to the aromatic rings of the parent aminoacids ( Table II ) . The optical densities
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of 0 01 %  solutions at the wavelength of the maximum (underlined in Table I I )  or the 
shoulder near 320 nm, have been either measured directly or calculated from measures 
made on 0-005% solutions. They are practically all in the range 1-2, except for arginine 
again, which gave a much lower value. Although melanoidins are almost black in the 
powder form, their diluted solutions are light yellowish brown and their absorption 
spectra in the visible are rather flat.

Infra-red absorption spectra

I.R. absorption spectra have been recorded using the K Br pellet technique. All pellets 
were ground and pressed a second time to get a better dispersion of the melanoidins. The 
spectra, like those of polymers in general, are not very well resolved and their bands are 
very broad (Fig. 2). Nevertheless, some characteristic features appear in all of them,

A

Figure 2. I.R. spectra in K  Br pellets, o f 
synthetic melanin and of melanoidins pre
pared by reacting DHA at 100°C with 
glycine, valine and serine, and purified by 
dialysis.

Figure 2. (bis)-I.R. spectra in K Br pellets, 
o f melanoidins prepared by reacting DHA 
at 100°C with phenylalanine, aspartic acid, 
arginine and 8-aminooctanoic acid, and 
purified by dialysis.
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namely strong absorption bands near 3400, 1600 and 1400 cm-1. In addition to these the 
non-alpha aminoacid corresponding pigments show a band in the carboxyl group region 
around 1700 cm-1, and bands characteristic of their hydrocarbon chains at 2930 and 
2860 cm-1. These last two bands are also found for melanoidins of alpha aminoacids with 
long hydrocarbon side chains like lysine, leucine and valine, and another band around 
2970 is also noticeable for the last two as well as alanine which all bear methyl groups. 
Phenylalanine melanoidin also shows evidence that it still bears aromatic side chains, 
with well defined bands at 750 and 700 cm-1. And the pigment prepared with glycine is 
the only one to have an I.R. absorption band at 1300 cm-1, which can probably be 
attributed to its methylene group. Melanoidins prepared in alkaline medium gave spectra 
similar to those of the products obtained without addition of alkali.

Table III. I.R. absorption bands observed for melanoidins obtained by reaction o f DHA with 
aminoacids for 4 h at 100°C

Aminoacid I.R. bands (cm--1)

Gly 3400, 1600, 1380, 1300, 1120, 920, 600
Ala 3400, 2980, 2930, 1600, 1450, 1400, 600
Val 3400, 2970, 2930, 2870, 1610, 1380, 1220, 600
Leu 3420, 2960, 2930, 2870, 1620, 1400, 1170, 600
Ser 3400, 1600, 1380, 600
Asp 3400, 1570, 1410, 1160, 600
Giu 3400, 1570, 1410, 1160, 600
Arg 3350, 1600, 1400, 1130, 660, 600
Lys 3400, 2930, 2860, 1600, 1400, 540
Phe 3400, 1600, 1490, 1400, 750, 700
Tyr 3400, 1600, 1510, 1410, 1240, 1170, 600
3-aminoproplonic 3400, 1700, 1560, 1400, 600
4-aminobutyric 3400, 2930, 1700, 1560, 1410, 600
5-aminopentanoic 3400, 2930, 2860, 1550, 1410, 600
6-aminohexanoic 3400, 2930, 2860, 1710, 1550, 1400
8-aminooctanoic 3400, 2930, 2860, 1710, 1630, 1550, 725

Electron spin resonance (E .S .R .) spectra

Although the DHA melanoidins were prepared and isolated at temperatures which could 
in no way exceed 100°C, they show a striking resemblance by their dark brown colour 
with polyacrylonitrile pyrolysates which we had the opportunity to study by E.S.R. 
spectroscopy some years ago. This led us to a first experiment in order to determine if the 
reaction product of DHA with glycine gave a signal and, after it did exhibit a high 
concentration of free spins, to a full study of all the melanoidins (Table IV ). The equip
ment used was a Thomson T.H.N. 252 E.S.R. spectrometer.

All the spectra obtained are single lines with an almost Lorentzian line shape (Fig. 3). 
Their linewidths in gauss have been measured as the distance between the maximum and 
the minimum of the signals recorded as the first derivatives of the absorption curves. The 
numbers of free spins/g have been calculated for different melanoidins by comparison 
with a known standard (Varian Strong Pitch) assuming that they are proportional to the 
peak to peak height of the signals multiplied by their linewidths squared, with the same 
proportionality constant for curves having the same shape (an assumption which is 
reasonable in the present case). For alpha aminoacids, the linewidths are all within the
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Table IV. E.S.R. characteristics o f melanoidins obtained by reaction of DHA with aminoacids 
for 4 h at 100°C

Aminoacid
Linewidth

G
Spins/g 

(X 10-18)

Gly 7-5 3-3
Gly+trieth. 7 4-5
G ly+N a OH 6.5 2-2
Ala 7 3-2
Val 7 3-2
Leu 7 5-9
Ser 7 3-5
Asp 6 2-1
Glu 6-5 1-5
G lu+N a OH 6 1-8
Arg 6-5 0-4
Lys 9 3-5
Phe+Na OH 7 5-6
Tyr+N a OH 6 2-7
3-aminopropionic 8-5 6 0
4-aminobutyric 11 100
5-aminopentanoic 7 4-0
6-aminohexanoic 11-5 150
8-aminooctanoic 9 2-6

Figure 3. E.S.R. spectra of synthetic melanin and of melanoidins prepared by reacting DHA with 
glycine, alanine, valine, leucine, serine, aspartic acid, glutamic acid, lysine and 6-aminohexanoic 
acid at 100°C (37°C for glycine and lysine). All the samples have been purified by dialysis and have 
been examined as powders.

6-9 G range. Recording the spectrum of DHA and glycine melanoidin sample under 
vacuum, did not change the signal significantly and it is assumed therefore that these 
data, which were obtained in air, are representative of the actual linewidths without any 
line broadening by oxygen. As far as free spin contents are concerned, they fall in the 1018



Reaction products o f dihydroxy acetone 31

spins/g range except for arginine which gave a lower value. Two of the melanoidins 
obtained with non-alpha aminoacids have a slightly higher linewidth and a stronger 
signal.

II. REACTIONS CARRIED OUT AT 37°C

In order to better investigate the possible reactions occurring actually in the Stratum 
Corneum, a few experiments have also been made at 37°C with the same starting con
centrations of DHA and aminoacids in water: OT mole of each reactant (0-05 for Lys) in 
25 ml. Only glycine and lysine did produce significant amounts of pigments after 24 h 
{T able V ). Arginine reacted very poorly, as could be expected in view of the low yield 
obtained at 100°C. But what is more surprising is that serine and alanine which react 
readily with DHA at higher temperature, are almost inert at 37°C. It should be noted, 
however, that these two aminoacids were not entirely soluble at this temperature in the 
rather concentrated media used.

Table V. Melanoidins formed by reaction of DHA with aminoacids at 37°C

Aminoacid
Duration

(h) % Yield
U.V. absorption 

of 0-01 % water sol.
Spins/g 

(X  IO“ 18)

Gly 10 1-2 1-15 at 320 nm 2-5
Gly 24 1-7 1-40 at 310 nm 1-8
Gly 48 4-8 1-50 at 320 nm 3-1
Gly 72 4-7 1-46 at 310 nm 3-2
Lys 24 26-2 0-9 at 330 nm 7-2
Ala 24 0
Ser 24 0
Arg 24 0

Underlined wavelengths correspond to a maximum.

The yield in melanoidin obtained for lysine as well as its free spin content, show by 
comparison with the results obtained at 100°C, that the reaction is already in an advanced 
stage after 24 h at 37°C. For glycine however, 48 h are necessary to obtain the same num
ber of free spins/g, and after 72 h the pigment yield is still much lower than at higher 
temperature.

But in spite of these quantitative differences, the DHA melanoidins prepared at 37° or 
100°C are very similar as far as their U.V., I.R. and E.S.R. spectra are concerned.

Discussion

Comparison with melanins

One of the most important characteristics of melanins, the natural pigments of hair, skin, 
squid ink . . . is to give an E.S.R. signal of 4.8 (6) to 8-8 G (7) linewidth depending upon 
the origin of the sample and perhaps also upon the conditions used in recording the 
spectra. It corresponds to free spin contents ranging from 5 X 1018/g (6, 8) to 20 X 1018/g 
(9) for Sepia melanin, and from 0 -4 x l0 18/g (8) to 2 x l0 18/g (9) for synthetic melanin 
prepared by oxidation of DOPA. These data are strikingly similar to those of Table IV . 
Moreover, U.V. visible absorption spectra of melanins which have no special features
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(6) or just a maximum at 327 nm (8), also resemble those of melanoidins. And as far as 
I.R. is concerned the same bands are found again for both types of pigments since 
melanins show, as melanoidins do ( Table III ) , a maximum around 3400, and a maximum 
around 1620 with a shoulder near 1700 cm“1 (6, 7,10,11). Their percentage compositions 
are a little different, however, since a typical hair melanin contains 57-1% C, 3-5% H, 
9-6% N and 29-4% O (11) while we found for the (DHA +  Gly) melanoidin: 46-7% C, 
5-5% H and 8-4% N, the remaining unaccounted for 39-4% being probably oxygen. All 
this shows that, although the pigments formed in the reaction of DHA with aminoacids 
are different by their preparation, they are nevertheless very similar to melanins by their 
properties and especially by their free spin content.

H ypotheses on the structure o f  melanoidins

Still another very interesting result is that E.S.R. spectra of melanoidins can be observed 
in their aqueous reaction media at room temperature (Fig. 4) showing that the free spin 
centres, if they were real free radicals, ought to be extremely inert. And it is particularly 
striking to remark that an unpurified solution of (DHA+Gly) pigment prepared at 37°C 
and never heated above this temperature, also exhibits a signal. The E.S.R. absorption 
lines observed in water have the same linewidths (7-5-9-S G) and apparently the same 
intensity as the dry powders, although this last point is difficult to certify since a special 
flat cell of unknown volume had to be used in these experiments due to the high dielectric 
loss of aqueous solutions. These last results particularly, show that the E.S.R. behaviour 
of melanoidins is an intrinsic property of their macromolecule and is not due to some kind 
of free radicals trapped during polymerization.

Figure 4. E.S.R. spectra of: solutions of melanoidins obtained by reacting DHA with glycine for 24 
h at 37°C and 6 h at 100°C; natural dispersions of melanin pigments in light and dark 
hair; malanoidin obtained by action of DHA on glycine in an open capsule over a steam bath until 
the reaction medium was dry, and observed in the powder state before and after purification by 
dialysis.

In the following experiment, however, such species may have been formed. DHA (1-8 
g) and Gly (1 -5 g) were heated with 6 g water in a capsule on a steambath until the brown 
resultant mass was dry (1 h 30 min). A sample of this unpurified product was kept and
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the rest of it was dialysed as usual, with a total yield of 35%. The E.S.R. spectrum of the 
purified pigment was similar to that of a melanoidin prepared by refluxing (linewidth 
H = 7  G, spin content=T8 x l0 18/g. But the signal given by the reaction product before 
dialysis was quite different {Fig. 4 ), with a linewidth of 25 G and an intensity correspond
ing to 21 xlO 18 spins/g. These striking data can be explained if one assumes that some 
free radicals were trapped when the reaction medium became viscous by evaporation and 
finally dried to a vitrous state. These species would then have been lost by reaction 
with water upon dissolution prior to purification, thus explaining the high loss in free 
spins. The linewidth of 25 G can also be explained by real free radicals since the spectra 
of such localized unpaired electrons are likely to exhibit a hyperfine structure (by inter
action with the protons of the molecule) which, although unresolved, would widen the 
signal significantly.

But if, in the general case, purified melanoidins do not contain real free radicals, how 
can one account for their E.S.R. properties? In recent years, a number of polymers with 
conjugated double bonds have been found to contain from 1016 to 1020 free spins/g 
(12-15). Their E.S.R. signal is generally a single line of 5-10 G width (12) although a 
hyperfine structure has been reported in some cases (14, 16) and it can be observed also in 
solution (12, 16) showing that it must be due to an intrinsic property of the molecule. 
This phenomenon has tentatively been explained by several kinds of theoretical con
siderations (12). It could be due to a semi-conductor effect such as the one proposed to 
account for the paramagnetism of melanins (17, 18). Or it could be, that conjugated 
polymers in their fundamental electronic state possess, at least partly, the character of 
triplet states (12). Or finally, the free spins observed may be bond alternation defects 
much like the ones predicted by calculation (19). According to this theory, the alter
nation between double (short) and single (long) bonds along a conjugated polymer chain, 
is disrupted by carbon atoms bearing a non-bonding molecular orbital occupied by a 
single spin. Such unpaired electrons can travel rapidly through long series of conjugated 
double bonds and this delocalization is responsible for the lack of hyperfine structure in 
the resulting E.S.R. spectra.

Two of these defects may be formed through the rupture of one double bond by 
thermal excitation or by lattice deformations (13), or even by photochemical excitation, a 
process which could explain the photoenhancement of melanin E.S.R. signals observed by 
Stratton and Pathak (20). In fact the paramagnetic behaviour of melanins should also 
be considered as an intrinsic property of their highly conjugated double bonds system, 
and not as a proof of the existence of so-called free radicals in their molecules.

In view of these theories, the E.S.R. properties of DHA melanoidins, together with 
their I.R. absorption around 1600 cm“1, and their dark brown colour due to their non
specific absorption in the visible, point out to a highly conjugated double bond structure. 
The monomers of these macromolecules are still unknown, however, although they 
have to be derived from the Schiff base formed by condensation of DHA with amino- 
acids, probably after dehydration and eventually decarboxylation. In the case of the 
MAILLARD reaction of sugars, it has indeed been shown that the original condensation 
products lose water very easily to produce furfural derivatives (21-22). Only the alpha 
aminoacids are decarboxylated in the process and the non-alpha aminoacid correspond
ing pigments exhibit the characteristic absorption band around 1710 cm“1. But in any 
case, I.R. spectra show that the rest of the parent aminoacid molecule is always retained 
in DHA melanoidin polymers.
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Conclusion

The pigments formed by reaction of DHA with aminoacids are very similar to melanins, 
and like these they can be regarded as highly conjugated polymers bound to exhibit 
intrinsic E.S.R. properties due to bond alternation defects. They still bear the side chains 
of the parent aminoacids although decarboxylations occur to some extent with alpha 
derivatives.

The action of DHA on skin must start by condensation with the free aminoacids 
located on the surface and more probably within the horny cells (23), followed by poly
merization and eventually linking to Stratum Corneum proteins through the participation 
of lysine side chains. It seems indeed very unlikely that this polymerization process could 
occur exclusively with basic aminoacids bound in polypeptide chains and therefore un
able to come close enough to one another. But the fixation of an already grown pigment 
on protein macromolecules is possible and has similarly been found to occur when wool 
keratin is immersed in the reaction medium of glycine with glucose (24).

Finally, it should be noted that since DHA melanoidins possess the same free spin 
character as melanins, they too should be able to protect the skin from radiations through 
trapping of electrons and free radicals which are thought to be important intermediates 
in sunburn and ageing processes (25). Preliminary investigations of an eventual protective 
effect of DHA have been negative (26-27) but they should perhaps be resumed in view of 
these new results and those obtained by Fusaro e t al. (28-32) with combinations of DHA  
and juglone or lawsone.
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