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Natural skin surface pH is on average below 5, which

is beneficial for its resident flora
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Synopsis

Variable skin pH values are being reported in lit-
erature, all in the acidic range but with a broad
range from pH 4.0 to 7.0. In a multicentre study
(N = 330), we have assessed the skin surface pH
of the volar forearm before and after refraining
from showering and cosmetic product application
for 24 h. The average pH dropped from
5.12 £ 0.56 to 4.93 £ 0.45. On the basis of this
pH drop, it is estimated that the ‘natural’ skin sur-
face pH is on average 4.7, i.e. below 5. This is in
line with existing literature, where a relatively
large number of reports (c. 50%) actually describes
pH values below 5.0; this is in contrast to the gen-
eral assumption, that skin surface pH is on aver-
age between 5.0 and 6.0. Not only prior use of
cosmetic products, especially soaps, have profound
influence on skin surface pH, but the use of plain
tap water, in Europe with a pH value generally
around 8.0, will increase skin pH up to 6 h after
application before returning to its ‘natural’ value
of on average below 5.0. It is demonstrated that
skin with pH values below 5.0 is in a better condi-
tion than skin with pH values above 5.0, as
shown by measuring the biophysical parameters of
barrier function, moisturization and scaling. The
effect of pH on adhesion of resident skin microflora
was also assessed; an acid skin pH (4-4.5) keeps
the resident bacterial flora attached to the skin,
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whereas an alkaline pH (8-9) promotes the disper-
sal from the skin.

Résumé

La littérature publie plusieurs valeurs du pH de la
peau, toutes dans la gamme acide mais avec un
éventail s'étalant de pH 4.0 a 7.0. Dans une étude
multi-centres (N = 330) nous avons mesuré le pH
de la surface de la peau de 'avant-bras, avant et
apres I'abstention de douche et d’application de pro-
duits cosmétiques pendant 24 heures. La moyenne
du pH a chuté de 5.12 £ 0.56 a 4.93 £ 0.45. Basé
sur cette chute de pH, on estime que le pH ‘naturel’
de la surface de la peau est en moyenne 4.7, i.e. en
dessous de 5. Ceci est en ligne avec la littérature exis-
tante, dans laquelle un nombre de rapports relative-
ment important (ca. 50%) décrit réellement les
valeurs du pH en dessous de 5.0; Ceci est en con-
traste avec I'assomption générale que le pH de la sur-
face de la peau est en moyenne entre 5.0 et 6.0. Non
seulement l'usage préalable de produits cosmétiques,
spécialement les savons, a une influence profonde
sur le pH de la surface de la peau, méme le simple
usage d’eau du robinet, en Europe avec un pH géné-
ralement autour de 8.0, va accroitre le pH de la
peau jusqu'a 6 heures apres l'application avant de
retomber a sa valeur ‘naturelle’ d'une moyenne en
dessous de 5.0. Il est démontré qu'une peau au pH
en dessous de 5.0 est en meilleure condition qu'une
peau au pH au dessus de 5.0, comme on peut I'illus-
trer par la mesure de parameétres biophysiques de la
fonction barriere, de I'hydratation et de I'écaille-
ment. L'effet du pH sur 1'adhésion de la microflore
résidant sur la peau a été également mesuré; un pH
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de peau acide (4—4.5) garde la flore résidant sur la
peau, alors qu'un pH alcalin (8-9) favorise le déta-
chement de la flore de la surface de la peau.

Introduction

The skin surface has an acidic pH, called the ‘acid
mantle’ [1]. This acidic surface pH as well as its con-
comitant pH gradient over the stratum corneum
(SC) are important for a good skin condition, con-
trolling the presence of resident skin microflora as
well as supporting important physiological proces-
ses like the formation of an optimal structure of the
lipid barrier and SC homeostasis [2— 5].

The exact origin of this low surface pH and
accompanying pH gradient is not yet completely
elucidated. Passive, no energy-requiring mecha-
nisms as well as active, energy-requiring mecha-
nisms have been proposed for the origin of the
acidity of the SC [2, 3, 6]. One of the major compo-
nents produced by the passive mechanism is lactic
acid, naturally occurring in eccrine sweat and also
derived from epidermal metabolic processes; the
sweat-derived lactic acid will diffuse back into the
skin and may thus acidify mainly the superficial
layers [7]. Other important components of the pas-
sive mechanism are free fatty acids (FFAs), choles-
terol sulphate, urocanic acid (from histidin by
histidase) and pyrrolidone carboxylic acid (PCA
from glutamic acid, probably by a cyclase). Active
proton pumps mainly form the active, energy-requi-
ring mechanism: recently, the sodium/hydrogen
anion exchanger proteins (NHE1) have been des-
cribed, present in the membranes of the lamellar
bodies. They are responsible for acidification of the
extracellular space in the lower layers of the SC [8].

The generation of all these acid compounds cre-
ates a desired pH gradient over the SC. Since the
viable epidermis has a pH of around 7, a steep pH
gradient exists going from the stratum granulosum
(SG), just below the SC, to the skin surface [9];
The proton concentration at the surface may thus
be a factor 100—1000 higher when compared with
the SG, only 10-20 pm lower, resulting in a sur-
face pH, which is generally assumed to be on aver-
age between 5 and 6 [10].

The acidic surface pH is also an important
determinant for the growth conditions of both
resident microflora, i.e. normally found on the skin,
as well as transient microflora, i.e. opportunistic,
potentially pathogenic. Staphylococcus epidermidis
(S. aureus) is a most typical example of the resident

cocci, which normally represent more than 80% of
the total microflora of ‘dry’ body areas like arms,
legs and lower torso [11]; S. aureus, on the other
hand, is a typical example of the potentially patho-
genic transient flora [12].

Skin has a mutualistic symbiotic relationship
with its microflora: the human skin provides the
right biotope for the resident flora, while the resi-
dent flora in turn strengthens human’s defence by
prevention of the colonization of harmful bacteria
as well as playing a role in the acidification of the
skin [12, 13].

The aims of the present study were to determine
the average natural skin pH value of volar forearm
after refraining from washing for at least 24 h and
to investigate the relation between skin pH and
skin condition. Since pH is an important determi-
nator for skin’s microflora, we also investigated
the influence of pH on bacterial growth and the
consequences of skin surface pH on dispersal (e.g.
detachment) of resident flora.

Material and methods

Multicentre study

The pH of the volar forearm of 330 subjects (The
Netherlands: 167, Germany: 87, The Philippines:
40, Spain: 36) was measured in the morning,
between 10.00 am. and 12.00 am. and 24 h
later. The subjects were asked to refrain from any
contact with water or cosmetic product during the
period between the first and the last assessment.

pH measurement

For pH measurements the pH Meter PH900 (Cour-
age + Khazaka, Cologne, Germany) was used with
a flat glass electrode (Mettler-Toledeo, Greifensee,
Switzerland) according to EEMCO Guidelines [4].
No significant differences were found in pH value,
whether carefully standardized water volumes
between the skin and electrode of 50 pl, 100 pl,
or when water adhering to the glass electrode,
were used. Pressure of the electrode on the skin
was also not a critical parameter but was con-
trolled as much as possible [4].

TEWL measurement

Trans-epidermal water loss (TEWL) was measured
using the Tewameter TM210 (Courage + Khaz-
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aka) [14]. Before measurement, volunteers were
acclimatized in a conditioned room at 22 * 1°C
and 50 * 2% Relative Humidity.

Skin moisturization

Skin moisturization was measured with a Corne-
ometer® CM825, which measures capacitance at
low frequency (40-75 Hz) and is sensitive to water
having a high dielectric constant, according to
EEMCO guidelines [15]. Before measurement, vol-
unteers were acclimatized in a conditioned room
at 22 £ 1°C and 50 = 2% Relative Humidity.

Scaling

The amount of scaling was determined by visual
scoring (scale 0—4) of skin image measurements
with the Visioscan VC98 (Courage + Khazaka) [16].

SLS challenge

A 24 h patch test was performed with 50 pL 0.15%
sodium lauryl sulphate (SLS), followed by TEWL-
assessment two hours after removal of the patch.

Bacteriological tests

In-vitro growth test

Test medium used was buffered pepton water
(BPW, Merck: 7228, 50% as prescribed) to which
0.5% glucose was added. Growth was measured in

the presence of 0.75% lactate at a pH 4.7 and
30°C after incubation for 72 h at OD;g9 nm ON a
BioRad Spectrophotometer, Bench Mark Plus (Her-
cules, CA, U.S.A.). Reference was medium without
lactate at pH 7.0.

In-vivo dispersal test

Volar forearms were first treated by applying 5 mL
water containing 1% lactic acid (pH 3.0); after air-
drying, contact dishes (Oxoid, CM145 + SR70)
were pressed onto the skin. Thereafter, the same
volar forearms were treated by applying 1%
sodium carbonate decahydrate (pH 11.0); again,
after air-drying, contact dishes were pressed onto
the skin. The contact dishes were incubated for
2 days at 30°C, after which the number of colony
forming units (cfus) per cm? were counted.

Results

Natural skin surface pH is on average below 5

Initial values of skin surface pH of the volar fore-
arm have an average value of 5.12 + 0.56;
importantly, after 24 h without any product
application or contact with water, the pH value
decreases to an average value of 4.93 + 0.45
(Fig. 1). Figure 2 demonstrates that subjects with
a skin pH close to 4.7 show on average no
change in pH after 24 h; however, the more out
of balance, the larger the correction is. From
these observations it can be estimated that the

7.5
Average pH
at start:
7.01 5.12+0.56 After 24 h:
° 4.93+0.45

6.5 °
L 6.0
o
£
®
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(estimated value 4.7)

5.0

4.5

4.0

Figure 1 Skin surface pH shift assessed on volar forearm during 24 h without contact with water or cosmetic products.

Total number of volunteers, n = 330.
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Figure 2 Shifts within various pH ranges on volar forearm during 24 h without contact water or cosmetic products.
Error bars specify 95% confidence interval; P, the probability that the shift is caused merely by coincidence.

surface pH evolves to a ‘natural’ average value of
4.7.

Effect of tap water, soap and shower gel on skin
surface pH

When the volar forearm of volunteers was treated
with soap, a clear increase in skin pH can be
measured, which after 6 h has not yet returned to
its starting value (Fig. 3). Moreover, a commercial
shower gel with a pH of 6.0, causes a considerable
initial increase, which returns to the starting value
in about 4 h. The same was found for washing

6.6 4
6.4 4
6.2
6.0 4
5.8+

5.6 1

Skin pH

5.4+

5.2+

5.0

4.8

with tap water. Interestingly, the skin pH drops
below the initial value after 6 h, strongly suggest-
ing that the skin pH was not in balance at the
start of the experiment.

Skin pH and skin condition

Lower skin surface pH values correlate with a bet-
ter resistance against SLS-induced irritant dermati-
tis  (Fig. 4). subjects with skin
pH < 5.0 show statistically significant less scaling
and higher hydration levels than subjects with
skin pH > 5.0 (Fig. 5). On the basis of these

Furthermore,

Before washing Immediately after

- #- shower gel, pH 6.0

2h after

4h after 6 h after

- - tap water —O—soap

Figure 3 Effect of various single treatments of volar forearm on skin pH.
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Figure 4 Relation between pH and vulnerability of the skin as measured by trans-epidermal water loss (TEWL) after
sodium lauryl sulphate (SLS) patch testing. Closed circles: present study; Open circles: Data from Wilhelm [45].
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Figure 5 Skin scaling and moisture of volunteers with pH < 5.0 compared with volunteers with pH > 5.0.

biophysical parameters, it can be concluded that
skin with pH < 5.0 has a better condition than
skin with pH > 5.0.

pH and in-vitro growth of microflora

S. epidermidis shows growth at pH 4.7 in the pres-
ence of lactate buffer. This growth is enhanced
compared with growth at neutral pH (pH 7). On
the contrary, growth of S. aureus is strongly sup-
pressed (Fig. 6). This demonstrates that in its nat-

ural habitat S. epidermidis may have an advantage
over S. aureus in being able to grow at acidic pH
in the presence of lactic acid; apparently, the pres-
ence of lactate, as one of the main acidifiers at the
surface of the skin, influences metabolism and can
act as a prebiotic for S. epidermidis.

pH and in-vivo dispersal of resident skin flora

Imprints, taken from volar forearms, which were
acidified to c¢. pH 4.0 by pretreatment with lactic
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Figure 6 Growth of S. areus and S. epidermidis at pH 4.7
in the presence of 0.75 lactic acid, relative to growth at
pH 7.0 without lactic acid.

acid, show low counts of the resident flora (mainly
staphylococci and micrococci); on the contrary,
imprints, taken from exactly the same sites after
the acid treatment but now brought to ¢. pH 9.0
by pretreatment with carbonate, reveal much
higher counts of resident flora. The overall results
(n = 20) show low dispersal of 24 cfu cm™>
an acid treatment, whereas 428 cfu cm™>

after
were
found when the same site was treated with an
alkaline solution. Apparently, under acidic condi-
tions resident bacteria do not easily detach from
skin. This was further confirmed by putting one
hand in acid and the other in alkaline water,
resulting in much higher (c. 10x) counts of resi-
dents in the water under alkaline conditions.

Discussion

Skin surface pH

This study, performed on 330 volunteers, demon-
strates that the surface pH of human volar fore-
arm, when left alone without any product
application or contact with water, evolves to a
‘natural’” average value of around 4.7 (Figs 1 and
2). The initial measurements showed an average
pH value of 5.12 and after 24 h the average pH
value had dropped to 4.93; this was accompanied
by a decrease of the standard deviation going from
0.56 to 0.45 with about 70% of the pH values
lying within the 4.3-5.1 range. From the 24 h pH
shift (Fig. 2), it can be estimated that eventually
the skin surface pH will evolve to a value of on
average 4.7.

The average skin pH 4.7 reported here, is lower
than the skin pH range between 5.4 and 5.9,
which is currently generally accepted as being the

‘neutral’ skin pH range and used on many cos-
metic product labels [10].

We also performed a literature survey, collecting
skin surface pH data with focus on human fore-
arm, but also including data from cheek and fore-
head. Although this overview is not claimed to be
complete, it is believed to give a fair reflection of
the general state of the art. The following ‘distri-
bution’ of pH values is found (Table 1): about 30%
of the publications report average skin surface pH
values exclusively below pH 5.0, about 40% report
skin surface pH values in a broader range between
4.0 and 6.0 and again about 30% exclusively
above pH 5.0. The survey demonstrates that
indeed a large number of publications report aver-

Table 1 References of human skin pH values found in

literature
Reference pH range
Dikstein et al. [22] 4.0-5.5
4.3-5.9
Zlotogorski [26] 4.0-5.5
4.2-5.9
Treffel et al. [79] 4.1-4.2
Krien et al. [80] 4.3—>6.0
Korting et al. [23] 4.3-4.4
Aly et al. [81] 4.4
Blank [24] 4.4-51
Ohman et al. [7] 45-4.6
Gottfreund and Meyer [82] 4.5-4.8
Fluhr and Elias [6] 4.5-5.3
Rieger [9] 4.5-5.3
Ohman et al. [30] 4553
Kubota et al. [83] 4.6-4.9
Wilhelm [29] 4.6-5.3
Schmid [84] 4.7
Matousek [85] 4.8
Surber et al. [86] 4.8-4.9
Berardesca [33] 4.8-5.0
Seidenari et al. [25] 4.8-5.5
Chikakane and Takahashi [72] 4.9-5.2
Thune et al. [87] 4.9-6.3
Wilhelm and Maibach [45] 5.0-5.5
Yosipovitch [35] 5.0-5.4
Fluhr [20] 5.0-5.5
Eberlein-Konig et al. [38] 5.1-5.3
Warrier et al. [88] 5.1-55
Barel et al. [21] 5.3-5.5
Braun-Falco et al. [89] 5.4-5.9
Rippke et al. [3] 5.4-5.9

Murahata et al. [90] 55

Ehlers et al. [32] 5.5-5.8
Locher et al. [91] 5.5-5.8
Bock et al. [92] 5.7
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age pH values below 5 or in a more acid range
than the skin ‘neutral’ 5.2—-5.9 pH range (Table 1
and references), which is in line with our findings.

The relatively high skin pH values reported in
literature may partly be explained by assuming
that in various studies the history of product-use
before the measurements was not taken into
account. In many cases, pH values were measured
in the morning without specified ‘wash-out’ period
and possibly only a short-time after volunteers had
taken a shower or had applied cosmetic products.
For instance, a pH shift of the skin into the more
alkaline region has also been described by Gru-
newald et al. after washing the skin with SLS-con-
taining solutions [17, 18].

In this respect, it is interesting to mention that
tap water in many (European) countries has neut-
ral to alkaline pH values [19]. In our study, the
local tap water has a pH value of around 8, con-
taining enough bicarbonate buffering capacity to
increase the pH of the (non-pre-equilibrated) volar
forearm for >4 h after showering with plain tap
water (Fig. 3). It can be rationalized that products
with buffered pH levels around pH 4.7 or lower
will minimize disturbance of the ‘natural’ skin sur-
face pH.

Next to differences in washing habits, other fac-
tors may partly explain the differences in pH val-
ues found in the literature. There are several
parameters, ranging from physiological, pathologi-
cal, extrinsic to methodological, which may affect
the measured pH value and which may partly
explain the broad range of pH data found in
literature.

Device and protocol

The use of different measuring devices and proto-
cols. It should be noted that until today there is
no standardized method to measure pH. The pH
Meter PH 900 (Courage + Khazaka) seems to be
the most used pH meter. Some general guidelines
for pH measurements are given by Parra [4] and
these were also followed in this study.

Body site

Most authors report similar pH values at different
‘regular’ body sites like forearm, neck, forehead,
cheek [20- 24]; however, significant differences
have been described by others [25, 26]. ‘Special’,
more occluded, body sites like axilla and intertrigi-
nous areas, have deviating, normally higher pH
values; they are often referred to as ‘holes’ in the

acid mantle. Values reported in Table 1 are mainly
measured on the forearm.

Age

At low and high ages skin pH values are higher.
Newborns start with near neutral pH after which
the pH rapidly declines to acid values within the
first month [27, 28]. At higher age again, usually
around 70-80 years, increased surface pH values
have been documented [22, 26, 29].

Sex

Conflicting data exist concerning differences in pH
values between male and female. Men have been
claimed to have more acidic surface pH [24, 30,
31]. In the study presented here, we also found
significantly lower skin pH values on male when
compared with women [results not shown]. Oth-
ers, however, have reported exactly the opposite
[32]. Then again, Zlotogorski [26] and Wilhelm
[29] have found no gender differences.

Race

Skin of black people was found to be slightly more
acidic than white skin [29, 33]; in contrast, early
publications find the opposite [34].

Biorhythm

Differences in pH values have been reported during
the day (circadian rhythm with high pH values of
¢. 5.3 in the afternoon vs. low pH values of ¢. 4.9
at night) [35] and also during the seasons (pH in
winter slightly higher than in summer) [36].

Disease

There is ample evidence that various pathological
skin conditions are associated with higher skin pH
values. Examples are atopic dermatitis [25, 37,
38], irritant contact dermatitis [39, 40], ichthyosis
[7] and acne [41, 42].

In our study, we have tried to keep the variables
to a minimum, i.e. we used one defined body site
(volar forearm, left and right), middle-aged volun-
teers (males as well as females) with healthy skin
and we performed measurements in the morning
between 10.00 am. and 12.00 a.m. under con-
trolled washing conditions. It is proposed that in
the future the above-mentioned variables are
taken into account as much as possible while
measuring skin pH values.

The importance of the acidic surface pH and pH
gradient are implicated in the control of various
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important physiological processes like the forma-
tion and the repair of a competent lipid barrier
[2, 3, 6, 43, 44]. Indeed, we have found that skin
with lower skin pH values correlate with a better
resistance against SLS induced irritant dermatitis
(Fig. 4); this confirms the results from Wilhelm
[45, 46], who found similar enhanced resistance
at lower surface pH (Fig. 4). The formation of the
lipid barrier occurs after secretion of precursor-
lipids from the lamellar bodies, and subsequent
enzymatic conversion of these polar precursors
into the apolar ceramides, FFAs and cholesterol,
thus constituting a continuous bilayer system, the
lipid impermeability barrier. Proper enzymatic
extracellular lipid processing is driven by acidic
pH. Indeed, enzymes involved, e.g. glucocerebro-
sidases [47] and phospholipases (at least a specific
phospholipase A2) have acidic pH optima [6, 47,
48]. It is interesting to mention in this respect that
competent lipid barrier formation in neonatal skin
[2] and barrier repair of damaged skin are delayed
at neutral pH conditions [49]. Furthermore, regen-
eration of barrier function after damage with acet-
one or extensive tape stripping proceeds
significantly faster when the skin is exposed to aci-
dic pH (5.5) than neutral pH (c¢. 7.2), indicating
that barrier formation and restoration (both in
mice and in humans) is a process stimulated by
low pH as well as a steep pH gradient [2, 43, 44,
49]. It is also suggested here, that, next to water
[50-52], the proper acidic pH could equally well
play an important role in activation of filaggrin
degrading enzymes and consequently in enhanced
natural moisturizing factor (NMF) formation in the
skin. The only indirect evidence for such a mech-
anism is the reported breakdown of filaggrin by
both cathepsin-B and cathepsin-L-like proteinases,
which are only active in the pH range of 4.0-5.5
and not at pH > 6.0 [53, 54]. This is in line with
the finding reported here that skin with pH values
below 5 have higher hydration levels than skin
with pH values above 5 (Fig. 5).

Skin surface pH and microflora

Skin and skin flora may be considered as an exam-
ple of a symbiotic relationship [55, 56]. More spe-
cifically, it may be called a mutualistic symbiosis,
rather than a commensalistic one, where both
benefit from the relationship: human skin provides
sebum (lipids), sweat (minerals) and dead skin cells
(proteins) to the resident flora; in turn, the resi-

dent flora strengthens skin’s first defence line, the
so-called ‘acid mantle’ by e.g. the enzymatic pro-
duction of free fatty acids, by the production of
anti-bacterials and by competing and preventing
the colonization of harmful bacteria. Acid skin pH
is clearly associated with regulation of the skin
flora [57, 58].

In this study, we have shown that the average
natural pH value of the skin is 4.7, lower than
currently assumed; this ‘acid mantle’, next to fac-
tors like hydration and presence of minerals as
nutrients [56], creates an environment where resi-
dent flora (mainly members of staphylococci,
micrococci, coryneforms and propionibacteria) can
grow, while growth of transient flora (e.g. Gram
negative bacteria like Escherichia and Pseudomonas
specs or Gram positive, coagulase positive Staphy-
lococcus aureus or Candida albicans) is inhibited (see
also Fig. 6). Growth and presence of the resident
flora effectively contributes to preventing these
potentially pathogenic microorganisms to colonize
the skin.

This study further shows that the use of normal
tap water increases the natural skin surface pH for
prolonged time (Fig. 3) and this in turn will
undoubted have its effect on the ‘quality’ of skin’s
microflora, which on the long-term may even lead
to various skin problems and disorders; this hypo-
thesis is supported by the observation that children
living in an area with low water hardness, i.e.
lower buffer capacity of the tap water resulting in
less impact on skin pH, had significantly lower
occurrence of eczema than in an area with higher
water hardness [59]. In general, it is found that
eczematous dermatitis is associated not only with
higher, more alkaline skin pH than normal,
healthy skin [60, 61], but also with the occur-
rence of S. aureus [62, 63], whose secreted entero-
toxins are able to induce eczema even on intact
skin [64].

Next to the acid conditions as an effective anti-
bacterial defence system per se [65], skin also
contains specific substances which add to its anti-
bacterial activity and which is part of the innate
immune defence system; e.g. epidermal lipids like
free sphingoid bases and fatty acids [66] and epi-
dermal proteins like cathelicidins and defensins
[67, 68] and the recently described dermcidin
occurring in sweat [69]. A little-investigated but
important factor in the ecology of the skin bacteria
is the fact that skin flora itself also produces bacte-
riocins, that control survival in this competitive
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environment. These bacteriocins are chemically
very heterogeneous and can be either proteina-
ceous or lipidic in nature [70]. An interesting
example is Pep 5 by S. epidermidis; this anti-bacter-
ial peptide is especially active against other Sta-
phylococci, specifically S. aureus [71].

In this context, it is interesting to mention that
the activity of these antibacterial lipids and pep-
tides are boosted at an acidic pH [66, 67, 71, 72],
possibly because uncharged lipids and cationic
peptides will have a better and more efficient inter-
action with the bacterial membranes.

Besides controlling bacterial growth on the skin,
both adhesion and the prevention of adhesion are
important factors which determine the composi-
tion and relative numbers of microbes on the skin.
It is becoming increasingly clear that a combina-
tion of (a) specific interactions like lectin or sugar
binding; (b) hydrophobic interactions; and (c) elec-
trostatic interactions, play a crucial role in the
binding capacity of both residents and transients
to the skin [73, 74].

Here, we have demonstrated the importance of
the electrostatic interaction by showing that the
pH of the skin surface has important consequences
for the binding of resident bacteria on the skin, i.e.
under acidic conditions the dispersal rates of
endogenous bacteria are much lower than under
alkaline conditions. This phenomenon was already
described in 1942 by Arnold [75], who used relat-
ively strong acidic and alkaline solutions; here, we
have used more realistic conditions, in line with
the more acidic and/or alkaline cleansing products
available on the personal care market.

The exact mechanism, which may explain these
differences in dispersal rates of resident flora, is
not known. It is suggested, that under alkaline
conditions both the keratins, which constitute the
corneocyte, and the bacterial surfaces are negat-
ively charged resulting in repulsion. The role of
the lipid-cornified envelope in adhesion of bacteria
and the binding to sugar-containing receptors,
would be less important under these conditions.
Another factor, which may explain the enhanced
dissociation of skin bacteria, is the high swelling of
the skin under alkaline conditions due to the high
netto negative charge of the keratins; this may
open up the ‘sponge’-like corneocytes, allowing
the bacteria to diffuse to the surface. This explains
not only the higher numbers of bacteria detaching
from the skin at alkaline conditions, but also the
fact that repeated washings hardly show dimin-

ished numbers of bacteria; apparently, the resident
skin bacteria are located even at relatively deep
layers in the SC of the skin [76]. It is well known
that washing the hands with conventional alkaline
soap will liberate large amounts of skin bacteria;
this can easily be visualized by pressing the fingers
on agar-plates after washing and subsequently
count the colonies after breeding. Repeated wash-
ings (up to 10 times) fail to reduce these numbers
of bacteria. This is why in hospitals the intensive
washing of the hands before operations has been
questioned [77, 78].

Conclusions

Natural healthy human skin surface pH is on aver-
age 4.7, lower than currently assumed (pH 5.4—
5.9). Skin with pH < 5.0 is in better condition than
skin with pH > 5.0. Growth of S. epidermidis, under
in-vitro acidic pH conditions (pH 4.7) and in the
presence of lactate, is enhanced when compared
with neutral pH, whereas growth of S. aureus is
strongly inhibited under these acidic conditions. An
acid pH seems to preserve the resident bacterial
flora, whereas an alkaline pH causes dispersal from
the skin.
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