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abstract

O

f all the natural functions of the skin, perspiration and its odorous consequences is one of the most lucrative challenges of
the cosmetic industry, especially due to its social impact . Body odor and perspiration is deemed offensive in most cultures
and cosmetic products to control this phenomenon are in high demand. The reduction of sweat and its resulting odor is normally addressed by antiperspirant formulations containing aluminium salts and standard antimicrobial actives. However concerns
over environmental safety, cancer, health and wellbeing are driving innovation in new directions. A wider understanding of the
potential positive and negative effects of antiperspirants and deodorants on the skins natural microbiome is becoming more
appreciated, alongside a marketing desire for more elaborate claims. This has led to new formulations and different approaches
within the conﬁnes of legislative requirements for study designs. Here we discuss sweat odor and perspiration, and examine
both standard and new developed approaches in clinical testing for claims substantiation within the context of product efﬁcacy,
their effect on the skin‘s microbiome and legislative product claims requirements.

Introduction
Sweating is the body’s natural response in body temperature
regulation. However, the result of sweating along with skin
surface bacterial metabolism of sweat components, leads to
an unpleasant body odor. Culturally and socially, the control
of perspiration and odor remains a challenge that is uniquely human amongst mammals. Humans generally dislike the
appearance of sweat especially when excessive, however it is
the accompanying odor that is considered far worse by most
individuals, and as such perspiration and odor supports a multibillion-euro industry marketing products to counteract this
natural phenomenon.
The human body has two types of sweat glands; eccrine and
apocrine sweat glands. Sweat released from the “eccrine”
sweat glands is odorless, made up mainly of water and salt.
Sweat from the “apocrine” glands (usually located under the
arm pits, the genital areas and around the nipples) contains
proteins and oily substances that feed skin surface bacteria.
Microbial enzyme activity causing smelly molecules and thus
body odor is considered a product of bacterial metabolism.
Human psyche is strongly affected by malodor and in some
individuals stress levels will increase sweating rates and thus
further malodor. Human axillary odor is caused by a complex
mixture of volatile organic compounds that produce a characteristic urine/musk-like smell [1,2], and they also contain human
primer and modulator pheromones that affect neuroendocrine
rhythms and mood respectively [3,4]. It has been shown that
axillary odor could be produced by the interaction of odorless
apocrine secretions [5-7] by inoculation with gram-positive organisms found on the skin surface [8] and subsequent studies
demonstrated the presence of volatile, odorous C-C6-11 nor22

mal, branched, hydroxy- and unsaturated acids compounds
in the axillae [9,10]. Trace amounts of thio-alcohols [5,11,12]
with a high odor impact are also present.
Bromhidrosis or body odor, is a common phenomenon in
post-pubertal individuals and is a chronic condition in which
excessive unpleasant odor emanates from the skin. Determined largely by apocrine gland secretion, it can substantially impair a person‘s quality of life [13-16]. In rare cases,
bromhidrosis may become pathologic if it is particularly overpowering or if it signiﬁcantly interferes with individual health
and well-being. There are 2 distinct types of bromhidrosis:
Apocrine bromhidrosis which is the most prevalent form of
bromhidrosis and should be differentiated from the less common Eccrine bromhidrosis. Several factors contribute to the
pathogenesis of apocrine bromhidrosis. Bacterial decomposition of apocrine secretion yields ammonia and short-chain
fatty acids, with their characteristic strong odors [17-19]. Axillary bacterial ﬂorae transform non-odoriferous precursors in
sweat to more odoriferous volatile acids [20]. It is the Corynebacterium species that are predominant in males rather than
females [21]. In certain circumstances, odorless eccrine secretion, can assume an offensive aroma to cause eccrine bromhidrosis. Eccrine sweat will soften skin keratin in the axillae,
and its metabolites of bacterial enzyme activity produce the
bromohidrosis foul smell [14]. Metabolic or endogenous disorders [22], some foods, (including garlic, onion, curry, etc.),
alcohol, drugs (e.g, penicillin, bromides), may cause eccrine
bromhidrosis. The role of excessive sweat, or hyperhidrosis,
in the pathogenesis of bromhidrosis is unclear. Hyperhidrosis
may promote the spread of apocrine sweat and contribute
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further to bromhidrosis by creating a moist environment,
good for bacterial proliferation [23,24]. Conversely, eccrine
hyperhidrosis may cause a decrease in odor because the excess sweat ﬂushes away the more odoriferous secretions.
We are surrounded by individually unique microbial “clouds”
which form the body’s microbiome [25], and microbiomes of
two humans are never identical. This unique microbiome is
symbiotic with the body, and is present to help protect the
skin and associated tissues [26]. These microbial clouds can
be disturbed through internal diseases, hormones, lifestyle
choices, pollution, cosmetics and diet, and in consequence
can lead to varying types of skin disorders and changes in
immune responses [27]. It has also been demonstrated that
prevention of sweating and odor control by the use of antiperspirants and deodorants has wider non-beneﬁcial effects
on the skins microbiome than intended [28].
In the development of such products, the industry has relied
for many years on the use of aluminium based salts to plug
the sweat pores, as well as acting in a deodorant capacity.
However, due to raising concerns about environmental damage [29] health and safety [29,30], the industry is seeking new
and innovative directions in sweat and odor control. Here we
evaluate perspiration and body odor, and discuss standard
and new approaches in clinical testing for claims substantiation and development, within the context of product efﬁcacy,
innovation, and legislative claims support requirements.

such salts to more skin and environmentally friendly actives.
Furthermore, since deodorants and antiperspirants clearly inﬂuence the axillary microbiome [40] alternative formulation
strategies are under investigation. In addition to the aluminium salts, other ingredients include octenidine, alcohol,triclosan, pH adjusters, zinc oxide, silver derivatives, and some
essential oils, etc.
Microbial Transplantation
Microbial proﬁles are unique for every human and the use of
antiperspirants and deodorants changes the balance though
not the stability of these uniquely individual microbial colonies [40,41]. Furthermore, when antiperspirants are applied,
the microbiome shows an increase in its diversity. Usage has
shown to increase Actinobacteria, favoring body malodor,
illustrating that such products modify the microbial colony
stimulating odor-producing bacteria [41]. Moreover, replacing
a malodor-causing microbiome with a non-odor producing
microbiome, through an armpit bacterial “transplantation”
or by direct application of probiotics/non-odor-producing
bacteria, has been demonstrated, resolving this condition
[41]. It is therefore suggested that selective modulation of
the microbiome with prebiotics, or plant extracts in cosmetic
development could also help underarm as well as foot odor
[41,42]. However such an approach would need to carefully
consider the uniqueness of each individuals body area related
microbiome.

Odor & Perspiration Treatments
Clinical Intervention

Legislation

When excessive sweating is limited to the armpits, surgery to
remove the sweat glands is an option for the most extreme cases where all other treatments have failed. However this leads to
„compensatory“ sweating elsewhere on the body and regular
monitoring of kidney function is also advised [31].
Sweat glands can also be removed using liposuction. Endoscopic thoracic sympathectomy, destroys the nerves that control sweating using an electrical current for a given period [32].
Another option is Botulinum toxin – injected into the affected
areas of the body, such as the armpits, hands or feet blocking brain signals to the sweat glands, reducing the amount of
sweat produced [33]. Anticholinergics, can help reduce sweating by blocking the actions of acetylcholine [34]though effects
are not immediate and side effects may outweigh the beneﬁts.

When making antiperspirant and deodorant claims, there are
global legislative requirements for products of integrity, and in
the EU [43] they must meet six speciﬁc criteria: legality, truthfulness, honesty, fairness, weight of evidence, and informed
decision making at points of purchase. For such claims, unless
the natural phenomenon of sweating and odor production is
clearly understood by both developer and consumer, meeting
these legislative requirements might be confusing.
Therefore developers need to clearly understand:

Cosmetic Applications
Cosmetic treatment of perspiration and odor has relied mainly on the incorporation of aluminium salts [35,36] supported
by the addition of many types of cosmetic ingredients such
as alcohols and plant extracts. Raising concerns over the
presence of aluminium found in dementia patients brains
[37] [11], breast cancer [38], and effects on the environment
[30, 39], the industry is slowly moving away from the use of
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• the target consumer;
• the target consumers‘ understanding of sweaty odorous
skin and actual need (including hygiene, medical, social and
cultural aspects);
• choice of ingredients and bio/chemical stability of those ingredients within a given formulation – breakdown products may
be more of a problem than what was initially added;
• importance of evidence requirements based on desired
claims concepts;
• regulatory and legal requirements
Once addressed, it is then easier to deﬁne which testing strategies could be approached in order to help build the proof of
evidence required in order to develop and support claims for
these products.
23
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Screening Method (Fig. 2)

Antiperspirant Requirements: Since antiperspirants are
designed to inhibit sweat production, several study protocol approaches are available and include those to comply
with FDA (USA) and Clearcast (UK) requirements, as well as
a screening method on the back of volunteers. The imprint
method [44] is rarely used, and the starch-iodine semi-quantitative method [45] preferred by some clinicians for evaluating hyperhydrosis, are not discussed here. In the USA, antiperspirants are classiﬁed as over-the-counter (OTC) drugs
[46] and therefore their efﬁcacy testing must follow well-deﬁned FDA procedures.
Deodorant Requirements: Deodorant efﬁcacy evaluation is performed with the Sniff Test
(based on the Standard Guide for
Sensory Evaluation of Axillary Deodorancy, ASTM E1207-14) [47].
An expert panel of odor judges or
Sniffers trained according to DIN EN
13725: 2003 [48,49] carry out these
assessments.

Antiperspirant Efficacy Studies
FDA Method (Fig. 1)
After a wash-out period of at least 17
days volunteers remain in a hot room
(approximately 38°C (100F), at 3040 % r.h. (relative humidity)), for two
successive sweat collections (cotton/
Webril® pads placed under their axilla
for gravimetrical baseline measurements). Following volunteer qualiﬁcation the test product is applied under
one axilla for typically 4 consecutive
days. The other axilla acts as an untreated control. Hot room sweat challenge is repeated typically 24h, 48h, or
72h after application. Sweat reduction
is calculated by weighing the cotton
pads prior and post sweat induction.
In order to claim “antiperspirant efﬁcacy” a product must reduce axilla
sweat production by more than 20 %
compared to the untreated control axilla. If a decrease of more than 30 %
is reached extra efﬁcacy could also be
claimed.

The FDA protocol only permits the testing of one product. To
enhance this restriction a rapid screening method was developed by one of the co-authors [50, 51] and further improved
at proDERM [52], where up to eight formulations are tested
simultaneously on the back of volunteers. For each product
there is an untreated control area located on the contralateral area. The semi-occlusive nature of the axilla is mimicked
by two hours of occlusion after product application. The hot
room challenge is replaced by an exposure of the volunteers
to a sauna at approximately 80°C for about 15 minutes to
induce sweating. Applied pads for sweat collection on the

Test Procedure FDA
Days

1-17

18

19

20

21

22/
23/
24/
25/
26

x

x

x

x

x

x

• Discontinuation of use of
antiperspirants
• Sweat collections in hotroom

x

• Washing of test areas and
application of test material

x

x*
x

x

x

* One hour after the last application of test material,
at least two further collections spanning the period of the
claim for enhanced claim duration

Fig. 1 FDA procedure for sweat collection during hot room exposure.
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• Application
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• Removal of patch

x

x

x

x

• Sauna and gravimetrical
measurement of sweat secretion

5/6/7/8

x

(24h, 48h, 72h or 96 post last admin.)

Fig. 2 Screening method for intra-individual comparison of multiple antiperspirant formulations.

Your partner for
trustworthy clinical studies.
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Study protocols with the aim to compare 2
products – or in addition to – a multi-product comparison of several test formulations
can be also performed.

Antiperspirant Efficacy [%]
n = 24, Mean Values and 95%-Confidence Intervals
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Fig. 3 Comparison of efﬁcacy of aluminium salts in different formulation using the
antiperspirant screening method

Test Procedure
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1-7

Wash-out phase

 

 

Product application
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x

Standardized washing procedure


8

x
x

Each individual‘s microbiome is unique and is
susceptible to changes when using cosmetic
products especially deodorants and antiperspirants [15,42]. Although knowledge of
the skin‘s microbiome is not new, with the
rapid advances in gene sequencing, the microbiome has become a focal point for both
the pharmaceutical and cosmetic industries.
Previously, only single species such as e.g.
Staphylococcus aureus could be analyzed
using elaborate procedures. It is now much
easier and possible to determine the entire
microbiome from simple skin rinsing solutions. Moreover, innovative parameters like
the Shannon Index can be simultaneously
used to quantify biodiversity (Fig. 5).

x



(24h, 48h, 72h or 96 post last admin.)

Study Principle
x

We have developed in conjunction with a
partner laboratory an efﬁcacy study to support microbiome friendliness or probiotic
claims for antiperspirants and deodorants (as
well as other cosmetic products):

Fig. 4 Sniff test procedure using trained experts according to EN 13725:2003-07 and
physical activity on steppers for wider claims.

respective test areas enable the gravimetric measurement and
comparison of sweat production. Fig. 3 shows different antiperspirant formulations applied and the respective efﬁcacy
assessed. A differentiation between products then enables a
more precise choice for further development of product formulations and further efﬁcacy studies.

Sampling: Samples of microbial sweat are obtained by
swabbing axillae skin 24 hours after a given washing proce-

Deodorant Efficacy Studies
A deodorant controls malodor through absorption, odor
masking and/or antibacterial activity. Its main function is
to reduce and prevent odor, and not sweat production. As
highlighted previously, deodorant efﬁcacy evaluation is performed with the Sniff Test [47]. This test is carried out after
a standardized wash-out period of approximately 7 days
(Fig. 4). Sniffers, an expert panel of trained odor judges (according to DIN EN 13725:2003), assess the malodor/sweat
odor directly in the axilla at baseline and a deﬁned period
after product application on a 5 point scale or on a visual
analogue scale. There are other designs where pads are applied to the axilla and the sweat odor of the pads is collected
and determined in vials. Efﬁcacy claims can be made according to the length of time the malodor is signiﬁcantly lower
compared to untreated under these controlled conditions.
04/18 | 144 | sofwjournal

Fig. 5 Sample swabbing of axillae for microbial analysis and determination of effects of antiperspirant and deodorants on the skins
microbiome (on the right picture). Graphs on the left side: Study on
2 panels of approx. 20 users of antimicrobial deodorant compared
to 20 non-deodorant users shows a dramatic decrease of Corynebacterium abundance and a clear of the biodiversity (Shannon Index)

25
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dure with a cotton swab soaked in phosphate buffered saline (PBS) for a deﬁned number of times (Fig. 5). Each swab
is collected separately and stored on ice prior to freezing at
-80°C.
Microbial Analysis: The microbiome is then characterized
using the 16SrDNA method (Clinical Microbiomics) ampliﬁed
by PCR. The library molarity of DNA is sequenced with an
Illumina MiSeq. The microbiome is analyzed by the 16S phylogenetic proﬁling method based on sequencing the 16SrRNA
gene. It is a common and widely accepted method for studying bacterial phylogeny and taxonomy [53]. Since this gene
consists of both – highly conserved as well as hypervariable
regions – it probably is the most established genetic marker
used for bacterial identiﬁcation and classiﬁcation. Since many
sequences of the gene are available in public databases, this
method is considered by many as the gold standard for microbial analysis.

phyla (e.g. Actinobacteria, Bacteroidetes, Firmicutes, etc.) to
genus (e.g. Biﬁdobacterium, Lactobacillus, Clostridium, etc.).
Advantages of this method include:
• Characterization of non-cultivable
bacteria
• Proﬁling of hundreds of microorganisms from a single
analysis
• Semi-quantiﬁcation of the relative abundance of
microbiome members
• Studies of complex microbiomes
• Provides faster and more accurate classiﬁcation than
traditional identiﬁcation methods
• Identiﬁcation of low-abundance bacteria

Addressing Wider Claims
Data Analysis: The relative abundance and biodiversity of
the microbiome in the controlled and treated skin areas (such
as Corynebacterium, Staphylococcus etc) are then calculated
and identiﬁed (Fig. 5). Microbes with a similarity of at least
97 % regarding 16s rRNA-gene sequence are clustered into
separate operational taxonomic units (OTUs). The relative
abundance of all OTUs and bacterial taxa are presented from

To meet desires for wider/enhanced performance claim desires, including duration of efﬁcacy and resistance to physical activity, adaptation to standard study designs is possible
(Tab. 1). Under certain conditions, additional testing methods
for claims e.g. inclusion of fabric care, skin cooling, skin care
beneﬁts, etc., have also been developed. Other test areas

Objectives

Study Overview

Potential Claim

Duration of Efﬁcacy

Consumers prefer a long lasting efﬁcacy as it implies better efﬁcacy.
Standard study design with wash-out phase and sweat amount or odor assessment

Number of hours (e.g. 24h, 48h)
performance, enhanced duration
or extra efﬁcacy

Physical activity

After product application a deﬁned sport unit e.g. 15 minutes on ergometer/stepper (Fig. 4) is included into standard protocols prior to/or instead of the common
heat induction. Standardized showering after sports can also be integrated into
the study procedure.

Sport resistance

Stress resistance

Psychological stress is a major issue when it comes to sweating, and there is an increased demand for claims to address this. The Trier Social Stress Test includes an interview with a psychologist with a stressful presentation topic, the videotaped presentation in front of an auditorium in a tense atmosphere and a difﬁcult mathematic task.

Stress resistance
Stress protect

Extreme climatic conditions

Global travels to tropical regions demand products which are also efﬁcient under
high humidity or under high temperatures. Thermal challenge is achieved by
increasing the temperature of the hot room to higher temperatures from 38 up to
52°C and/or increased relative humidity e.g. 60 % at 35°C.

Heat resistance
Humidity resistance
Xtreme heat resistance

Effect on the Microbiome

The inﬂuence on the skin microbiome is assessed by swab analysis (single bacteria
strains or microbiome) and compared to baseline or untreated.

Microbiome friendly, Helps maintain a healthy Microbiome

Cooling effects

Cooling of the axilla after application could easily be shown by measurement of
skin temperature with a thermography camera

Cooling effect; helps keep you
cool

Fabric care

Yellow stains might be caused by sweat mixing with antiperspirants or deodorants and hard water. Removal is nearly impossible. Subjects wear T-Shirts after
product application overnight. Each day the T-Shirt is returned and washed for
up to 15 days. Afterwards an image of the axillae area of the shirt is captured for
assessment by quantitative image analysis. Only subjects who can prove that they
tend to have yellow dots on T-Shirts are included in the study. A similar process is
followed for white spots on black fabrics.

Yellowing minimized, Yellow stain
resistance
Non-whitening
Spotless

Tolerance

Skin irritation is common after shaving and can be worse when antiperspirants or
deodorants are applied.
Standard irritation and stinging methods can be utilized.

Skin friendly after shaving

Tab. 1 Overview of additional claims development following standard study design adaptations.
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compensatory sweating elsewhere
and the potential for safety concerns.
Internationally accepted standards
have been developed to evaluate the
efﬁcacy of antiperspirants and deodorants on both, sweat and malodor
intensity. Since deodorants and antiperspirants clearly inﬂuence axillary
microbiome further research and development is an exciting opportunity
to generate new strategies and test
methodologies. Investigations into miFig. 6 Determination of sweat production and reduction of hands and feet.
crobiome changes during adolescence
and menopause, the inﬂuence of diet,
lifestyle, and environment, are all valid approaches in the
such as the hands and feet can also be assessed using a simpursuit of uniquely tailored perspiration and odor manageple adaptation to standard designs (Fig. 6).
ment. The evolution of clinical testing methods alongside
Psychological stress is a major issue when it comes to
legislative demands will provide the opportunity to meet
sweating and can trigger immediate formation of malodor.
these challenges.
There is an increased demand for claims to address this.
The Trier Social Stress Test design [54, 55] includes an inAcknowledgement
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Stress levels are monitored by measuring cortisol levels in
saliva, heart rate (assessed with a pulse rate meter on index
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