
Int J Cosmet Sci. 2023;00:1–18.	 		 		 |	 1wileyonlinelibrary.com/journal/ics

Received:	27	January	2023	 |	 Accepted:	22	February	2023

DOI:	10.1111/ics.12852		

R E V I E W  A R T I C L E

Deodorants and antiperspirants: New trends in their active 
agents and testing methods

Paweenuch Teerasumran1,2,3  |   Eirini Velliou1,2 |   Shuo Bai3 |   Qiong Cai1

This	is	an	open	access	article	under	the	terms	of	the	Creative	Commons	Attribution	License,	which	permits	use,	distribution	and	reproduction	in	any	medium,	provided	
the	original	work	is	properly	cited.
©	2023	The	Authors.	International Journal of Cosmetic Science	published	by	John	Wiley	&	Sons	Ltd	on	behalf	of	Society	of	Cosmetic	Scientists	and	Societe	Francaise	de	
Cosmetologie.

1Department	of	Chemical	and	Process	
Engineering,	Faculty	of	Engineering	
and	Physical	Sciences,	University	of	
Surrey,	Guildford,	GU2	7XH,	UK
2Centre	for	3D	Models	of	Health	and	
Disease,	UCL-	Division	of	Surgery	and	
Interventional	Science,	Charles	Bell	
House,	43-	45	Foley	Street,	Fitzrovia,	
London,	W1W	7TY,	UK
3The	State	Key	Laboratory	of	
Biochemical	Engineering,	Institute	of	
Process	Engineering,	Chinese	Academy	
of	Sciences,	Beijing,	100190,	China

Correspondence
Paweenuch	Teerasumran,	Department	
of	Chemical	and	Process	Engineering,	
Faculty	of	Engineering	and	Physical	
Sciences,	University	of	Surrey,	
Guildford	GU2	7XH,	UK.
Email:	p.teerasumran@surrey.ac.uk

Funding information
Medical	Research	Council	UK,	Grant/
Award	Number:	MR/V028553/1;	
The	Royal	Academy	of	Engineering;	
Unilever

Abstract
Sweating	 is	 the	human	body's	 thermoregulation	system	but	also	 results	 in	un-
pleasant	body	odour	which	can	diminish	the	self-	confidence	of	people.	There	has	
been	continued	research	in	finding	solutions	to	reduce	both	sweating	and	body	
odour.	Sweating	 is	a	 result	of	 increased	sweat	 flow	and	malodour	results	 from	
certain	bacteria	and	ecological	factors	such	as	eating	habits.	Research	on	deodor-
ant	development	focuses	on	inhibiting	the	growth	of	malodour-	forming	bacteria	
using	antimicrobial	agents,	whereas	research	on	antiperspirant	synthesis	focuses	
on	technologies	reducing	the	sweat	flow,	which	not	only	reduces	body	odour	but	
also	improves	people's	appearance.	Antiperspirant's	technology	is	based	on	the	
use	of	aluminium	salts	which	can	form	a	gel	plug	at	sweat	pores,	obstructing	the	
sweat	fluid	from	arising	onto	the	skin	surface.	In	this	paper,	we	perform	a	system-
atic	review	on	the	recent	progress	in	the	development	of	novel	antiperspirant	and	
deodorant	 active	 ingredients	 that	 are	 alcohol-	free,	 paraben-	free,	 and	 naturally	
derived.	Several	studies	have	been	reported	on	the	alternative	class	of	actives	that	
can	potentially	be	used	 for	antiperspirant	and	body	odour	 treatment	 including	
deodorizing	fabric,	bacterial,	and	plant	extracts.	However,	a	significant	challenge	
is	to	understand	how	the	gel-	plugs	of	antiperspirant	actives	are	formed	in	sweat	
pores	and	how	to	deliver	long-	lasting	antiperspirant	and	deodorant	benefits	with-
out	adverse	health	and	environmental	effects.
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Résumé
La	 transpiration	 est	 le	 système	 de	 thermorégulation	 de	 l’organisme,	 mais	 elle	
entraîne	 également	 une	 odeur	 corporelle	 désagréable	 qui	 peut	 diminuer	 la	
confiance	 en	 soi.	 Des	 nombreuses	 recherches	 ont	 été	 menées	 afin	 de	 trouver	
des	 solutions	 pour	 réduire	 à	 la	 fois	 la	 transpiration	 et	 l’odeur	 corporelle.	 La	
transpiration	est	le	résultat	de	l’augmentation	du	flux	de	sueur,	et	les	mauvaises	
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INTRODUCTION

Sweating	 is	a	physiological	 function	of	 the	human	body	
to	regulate	the	body's	core	temperature	which	can	be	trig-
gered	by	stress,	anxiety,	and	diet	[1].	Initially,	sweat	is	an	
odourless	 liquid	mostly	comprised	of	water,	electrolytes,	
and	proteins.	The	formation	of	an	unpleasant	odour	is	a	
result	of	 the	metabolic	activity	of	human	natural	micro-
flora	 habituated	 in	 the	 axillary	 region.	 Additionally,	 the	
body	 odour	 intensity	 and	 chemical	 composition	 can	 be	
influenced	by	various	factors	including	gender,	dietary	in-
take,	age,	and	race	[2,3].

Sweating	and	body	odour	can	have	a	significant	nega-
tive	effect	on	people's	appearance,	confidence,	and	may	be	
viewed	as	a	sign	of	poor	hygiene	[4].	Therefore,	there	is	a	
continued	research	interest	in	developing	topical	deodor-
ants	 and	 antiperspirants	 and	 the	 sector	 generates	 over	
$1.5	billion	annual	revenue	[5,6].	Products	on	the	market	
are	still	based	on	a	group	of	well-	known	and	established	
active	 ingredients	 for	both	deodorant	and	antiperspirant	
introduced	over	50	years	ago	[7].	As	the	skin	microbiome	
is	the	cause	of	body	odour,	the	mechanism	of	action	of	de-
odorant	products	is	to	inhibit	the	growth	of	malodour	bac-
teria	by	using	antimicrobial	bacteriostatic	agents	such	as	
Triclosan.	Furthermore,	perfumes,	fragrances,	and	essen-
tial	oils	are	added	into	a	deodorant	formulation	in	order	
to	mask	the	unpleasant	body	odour.	For	antiperspirants,	

their	mechanism	of	action	is	relying	on	the	use	of	alumin-
ium	salts	such	as	aluminium	chloride	which	has	been	de-
veloped	since	1916.

Over	the	recent	years,	consumers	and	researchers	alike	
has	grown	an	increasing	interest	to	search	for	alternative	
actives	 that	 are	 alcohol-	free,	 paraben-	free,	 and	 naturally	
derived	to	deliver	deodorant	and	antiperspirant	benefits.	
Much	 of	 the	 challenge	 is	 in	 understanding	 the	 gelation	
mechanism	(the	ability	to	form	a	gel	that	physically	block	
the	 sweat	 pore	 opening)	 and	 the	 dose	 response	 of	 anti-
perspirants	 in	the	sweat	pore's	environment.	This	article	
presents	a	 review	of	 the	current	progress	 in	research	on	
understanding	body	odour	treatment	and	the	mode	of	ac-
tion	of	metallic	salts.	It	then	discusses	the	research	prog-
ress	of	naturally	derived	body	odour	treatment	agents	as	
an	alternative	to	the	metallic	salts	and	existing	chemical	
compounds.

SWEAT GLANDS AND THEIR 
FUNCTIONS

Eccrine, apocrine, and apoeccrine glands

Skin	is	a	part	of	the	human	integumentary	system	which	
forms	the	outermost	layer	of	the	human	body.	Skin	is	the	
largest	 organ	 in	 the	 body	 which	 provides	 a	 mechanical	

odeurs	sont	dues	à	certaines	bactéries	et	à	certains	facteurs	écologiques	tels	que	
les	habitudes	alimentaires.	Les	recherches	sur	le	développement	des	déodorants	
se	 concentrent	 sur	 l’inhibition	 de	 la	 croissance	 des	 bactéries	 responsables	 des	
mauvaises	odeurs	à	l’aide	d’agents	antimicrobiens,	tandis	que	les	recherches	sur	
la	synthèse	des	anti-	transpirants	se	concentrent	sur	les	technologies	diminuant	le	
flux	de	sueur,	ce	qui	réduire	non	seulement	les	odeurs	corporelles,	mais	améliore	
également	 l’apparence	 des	 personnes.	 La	 technologie	 des	 anti-	transpirants	
repose	sur	l’utilisation	de	sels	d’aluminium	qui	peuvent	former	un	bouchon	de	
gel	au	niveau	des	pores	sudoripares,	empêchant	le	 liquide	sudoral	d’apparaître	
à	la	surface	de	la	peau.	Dans	cet	article,	nous	effectuons	une	revue	systématique	
des	progrès	récents	réalisés	dans	le	développement	de	nouveaux	principes	actifs	
anti-	transpirants	et	déodorants	qui	sont	sans	alcool,	sans	parabène	et	d’origine	
naturelle.	Plusieurs	études	ont	été	rapportées	sur	la	classe	alternative	de	principes	
actifs	qui	peuvent	potentiellement	être	utilisés	pour	le	traitement	anti-	transpirant	
et	des	odeurs	corporelles,	y	compris	les	tissus	désodorisants,	les	bactéries	et	les	
extraits	végétaux.	Cependant,	un	défi	important	consiste	à	comprendre	comment	
les	bouchons	de	gel	des	actifs	anti-	transpirants	se	forment	au	niveau	des	pores	
sudoripares,	et	comment	offrir	des	effets	anti-	transpirants	et	déodorants	durables	
sans	effets	néfastes	sur	la	santé	et	l’environnement.
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barrier,	 protecting	 the	 body	 from	 the	 external	 environ-
ment	[8].	In	addition,	skin	also	contributed	to	both	endo-
crine	and	exocrine	functions	of	the	human	body.	Examples	
of	an	exocrine	function	of	the	skin	are	secretion	of	sebum	
and	 sweat	 fluid.	 There	 are	 three	 main	 compartments	 of	
human	skin,	epidermis,	dermis,	and	the	subcutaneous	fas-
cia.	Sweat	glands	are	skin	appendages	found	at	the	dermis	
compartment	 of	 the	 human	 skin	 [8,9].	 It	 was	 estimated	
that	 there	 is	 a	 total	 of	 2  380	000	 glands	 distributed	 all	
over	the	body	[10].	An	early	morphological	study	in	1917	
showed	that	there	are	two	types	of	sweat	glands,	eccrine	
and	apocrine	sweat	glands	(illustrated	in	Figure 1)	[11].

Eccrine	sweat	glands	are	distributed	all	over	the	body	
except	glans	penises	and	 lips	[12].	Eccrine	glands	play	a	
critical	 role	 in	 the	 human	 body's	 thermoregulation	 sys-
tem	[2].	The	sweat	fluid	secreted	from	eccrine	glands	is	a	
watery	fluid	with	inorganic	salts	such	as	NaCl,	KCl,	and	
organic	acids,	including	lactic	acid	and	urea.	Additionally,	
antimicrobial	peptides	such	as	immunoglobulins	and	der-
mcidin	are	found	in	trace	amount	in	the	eccrine	secreted	
fluid	[13].	The	perspiration	from	eccrine	glands	is	emptied	
directly	 onto	 the	 skin	 surface	 [14].	The	 duct	 opening	 of	
eccrine	sweat	glands	is	located	at	the	epidermal	compart-
ment	of	the	skin	and	referred	to	as	the	acrosyringium.	The	
luminal	diameter	of	the	acrosyringium	is	between	20	and	
60	μm	[15].

Apocrine	sweat	glands	can	only	be	found	in	a	certain	
area	of	the	body,	for	instance,	genital,	plantar,	and	axillary.	
In	contrast	to	eccrine	glands,	apocrine	glands	start	func-
tioning	 at	 puberty.	 Apocrine	 glands	 are	 roughly	 800	μm	
larger	than	eccrine	glands	and	their	ducts	open	to	the	hair	
follicle	 [14].	 The	 fluid	 secreted	 from	 apocrine	 glands	 is	

oily,	consisting	of	 fatty	acids,	proteins,	and	steroids	[16].	
However,	 this	 fluid	 is	 mixed	 with	 the	 sebum	 (secreted	
from	the	sebaceous	gland)	as	both	glands	are	opened	into	
the	hair	follicle.

A	 study	 conducted	 by	 Sato	 et	 al.	 [17]	 has	 introduced	
the	 third	 type	 of	 sweat	 gland,	 the	 apoeccrine	 gland.	
Apoeccrine	 glands	 are	 described	 as	 having	 a	 seven-	fold	
higher	sweat	secretion	rate	than	eccrine	glands.	They	are	
developed	during	puberty	from	an	eccrine-	like	precursor	
and	contributed	up	 to	45%	of	sweat	glands	 found	 in	 the	
axillary	region.	However,	another	study	by	Bovell	in	2007	
has	 debunked	 that	 such	 type	 of	 sweat	 gland	 cannot	 be	
found	[14].

Hyperhidrosis

Hyperhidrosis	 is	 referred	 to	 as	 a	 disorder	 characterized	
by	over-	secretion	of	sweat	beyond	the	physiologically	re-
quired	amount,	especially	at	the	axilla	[4].	About	2%–	3%	
of	the	population	suffers	from	this	condition.	The	possible	
cause	of	hyperhidrosis	is	the	abnormality	in	sympathetic	
and	 parasympathetic	 nervous	 activities,	 overstimulat-
ing	the	sweat	gland.	Due	to	such	an	excessive	amount	of	
water,	hyperhidrosis	is	frequently	accompanied	by	brom-
hidrosis	 (foul-	smelling	 body	 odour).	 Hyperhidrosis	 may	
not	only	cause	inconvenience	such	as	changing	drenched	
clothes	and	shoes	but	also	can	affect	the	patient's	psycho-
logical	wellbeing	[18].	To	adequately	treat	hyperhidrosis,	
a	medicated	antiperspirant	with	a	much	higher	concen-
tration	of	aluminium	salts	than	a	commercially	available	
product	is	used.

F I G U R E  1  Schematic	illustration	
of	human	skin	structures	and	skin	
appendages	(Created	with	BioRe	nder.com).
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RESEARCH PROGRESS OF 
DEODORANTS

Body odour formation mechanism and its 
chemical composition

Skin	 microbiomes	 are	 responsible	 for	 the	 production	
of	 human	 body	 odour	 [4,5].	 Sweat	 secreted	 from	 sweat	
glands	 is	 initially	 an	 odourless	 fluid.	 Once	 the	 fluid	
reaches	the	skin	surface,	its	biomolecule	components	are	
being	digested	by	the	skin	microbiome,	generating	volatile	
malodourous	compounds.	An	axillary	region	is	an	excel-
lent	place	for	the	skin	microbiome	to	proliferate	due	to	its	
warm	and	moist	environment	covered	with	dense	hair	fol-
licles.	Additionally,	the	human	axilla	has	a	high	density	of	
both	eccrine	and	apocrine	sweat	glands	(more	than	25	000	
in	total	for	each	axilla)	[19].	There	are	four	primary	types	
of	bacterial	species	involving	in	malodour	compound	pro-
duction,	Propionibacterium,	Micrococci,	Staphylococcus,	
and	Corynebacterium	with	the	latter	two	being	the	most	
prominent	[20].	Additionally,	the	diversity	of	natural	mi-
croflora	species	is	distinctive	to	each	individual	[21].

The	threshold	for	body	odour	perception	can	be	varied	
from	one	individual	to	another.	Sometimes,	body	odour	is	
unnoticeable	to	an	individual	as	that	person	may	develop	
specific	anosmia	[22].	When	the	odour	is	pointed	out,	they	
may	 feel	 enormously	 embarrassed.	 In	 modern-	day	 life,	
both	sweating	and	body	odour	are	not	only	affecting	the	
first	impression	and	self-	confidence	level	of	an	individual	
but	also	leading	to	economic	consequences	such	as	replac-
ing	 stained	clothes	and	shoes.	Figure 2	 summarized	 the	
chemical	components	of	the	human	body	odour.

Aldehydes	are	recognized	to	be	one	of	the	major	constit-
uents	in	axilla	odour	[23].	Over	85%–	89%	detection	rate	of	
aldehydes	(octanal,	nonanal,	and	decanal)	from	human	ax-
illa	odour	using	the	headspace	gas	chromatography/mass	
spectrometry	was	reported	by	Haze	et	al.	[24].	In	addition	
to	aldehydes,	sulphur	and	carboxylic	acid	are	odorants	pro-
duced	at	the	axilla	[24].	The	presence	of	malodour	sulphur	
compound,	 (S)-	3-	Methyl-	3-	Sulfanylhexan-	1-	ol	 (3M3SH)	
was	reported	by	Starkenmann	et	al.	 in	2005	and	Bawdon	
et	al.	in	2015	[25,26].	The	findings	from	both	studies	sug-
gested	that	Staphylococcus hominis,	Staphylococcus lugdu-
nesis,	and	Staphylococcus haemolyticus	were	responsible	for	
the	formation	of	3M3SH	from	a	cysteine–	glycine	(Cys-	Gly)	
conjugate	precursor.	3M3SH	is	a	malodour	substance	with	
extremely	high	sensitivity	 in	humans	with	a	 threshold	of	
0.001	ng/L	air	(reported	by	Natsch	et	al.	2004)	[27].	A	pos-
sible	reason	for	such	low	detection	threshold	is	their	high	
affinity	to	human	olfactory	receptor	OR2M3	[28].

Additionally,	3-	hydroxy-	3-	methyl-	hexanoic	acid	(HMHA)	
is	 another	 common	 malodour	 compound	 with	 high	 sensi-
tivity	found	at	the	axilla	with	a	threshold	of	0.0044	ng/L	air.	

Figure 3a,b	summarized	the	formation	mechanism	of	3M3SH	
by	Staphylococcus	bacteria,	and	HMHA	by	Corynebacterium	
at	the	axilla,	respectively.

Various	 factors	 can	 affect	 the	 chemical	 composition	
and	 the	 intensity	of	body	odour,	 for	 instance,	 race,	 gen-
der,	climate,	diet,	age,	as	well	as	behavioural	habits	such	
as	 drinking	 and	 smoking	 [23,29].	 Interestingly,	 several	
studies	have	shown	that	a	mutation	of	ABCC11	protein	in	
the	Asian	population	leads	to	a	reduced	concentration	of	
body	odour	precursor	[30].	Another	example	is	the	pres-
ence	of	age-	dependent	unsaturated	aldehyde,	2-	Nonenal.	
A	clinical	study	conducted	by	Haze	et	al.	[24]	showed	that	
2-	nonenal	was	only	detected	in	subjects	who	were	40	years	
old	or	older.

Deodorant's ingredients

The	mechanism	of	action	of	deodorants	is	relying	on	the	
use	of	antimicrobial	agents	to	inhibit	the	growth	of	body	
odour-	forming	 microbiome.	 Additionally,	 perfume,	 fra-
grance,	and	essential	oils	are	often	found	in	a	deodorant	
formulation	to	mask	the	body	odour.	Ingredients	of	com-
mercially	 available	 deodorant	 products	 are	 summarized	
in	Table 1	[31].

There	are	three	essential	ingredients	within	a	deodor-
ant	 formulation:	 (1)	 antimicrobial	 agents,	 (2)	 fragrance,	
and	 (3)	 odour	 absorbers.	 Triclosan	 (5-	chloro-	2-	(2,4-	dic
hlorophenoxy)phenol)	 is	 one	 of	 the	 most	 widely	 used	
anti-	microbial	agents	 introduced	since	1967.	 It	 is	a	non-	
ionic	 antimicrobial	 agent	 which	 provides	 good	 stability	
and	a	 lack	of	 resistance	among	odour	production	bacte-
ria	 [32].	 In	addition	 to	 triclosan,	quaternary	ammonium	
compounds	 such	 as	 benzethonium	 chloride,	 the	 vehicle	
of	the	deodorant	product	(for	example,	propylene	glycol),	
and	sodium	bicarbonate	(baking	soda,	NaHCO3)	are	also	
found	to	have	an	antimicrobial	activity [33].	Nonetheless,	
complete	 suppression	 of	 human	 natural	 microflora	 can	
potentially	lead	to	skin	vulnerability	[34].

Acidifiers	were	introduced	in	the	1990s	to	reduce	the	
local	pH	to	inhibit	the	growth	of	bacteria	at	the	axilla	[35].	
Since	then,	several	studies	have	shown	that	reduction	in	
skin	surface	pH	can	lessen	the	bacteria	count	[36,37].	For	
example,	Lukacs	and	colleagues	(1991)	studied	the	pH	ef-
fect	on	the	growth	of	bacterium	and	introduced	triethyl-
citrate	into	deodorant	formulation	to	reduce	the	local	pH	
at	the	axilla.	However,	triethylcitrate	did	not	successfully	
convert	to	citric	acid	after	the	application	and	the	pH	re-
mains	 unchanged	 [35].	 Later	 in	 2000,	 Stenzaly-	Achtert	
et	 al.	 [37]	 introduced	 aluminium	 chlorohydrate	 (ACH)	
into	 a	 deodorant	 formulation,	 this	 resulted	 in	 a	 slightly	
acidic	 deodorant-	antiperspirant	 product	 with	 a	 pH	 of	 5.	
Although	ACH	is	an	active	ingredient	of	antiperspirants,	it	
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   | 5TEERASUMRAN et al.

also	shows	an	antimicrobial	property	at	low	concentrations	
and	has	low	pH	(3.7–	4.1)	[38].	Nowadays,	antiperspirant	
agents	such	as	ACH	and	aluminium	zirconium	pentachlo-
rohydrate	are	marketed	as	a	deodorant-	antiperspirant.

The	addition	of	fragrance	helps	in	bringing	down	the	
unpleasant	 body	 odour.	 Linalool,	 hexylcinnamaldehyde,	
and	2-	(4-	tert-	butylbenzyl)	propionaldehyde	are	commonly	
used	 fragrance	 compounds.	 Additionally,	 a	 study	 con-
ducted	by	Kim	et	al.	 [34]	 revealed	 that	most	deodorants	
contained	more	than	one	type	of	fragrance	compound	and	
the	concentration	was	in	the	range	of	102–	104	mg/kg.

Testing methodology to evaluate the 
efficiency of deodorant products

As	 the	 mechanism	 of	 action	 of	 deodorants	 is	 to	 inhibit	
the	 growth	 of	 malodour-	forming	 bacteria,	 evaluation	 of	
the	Zone	of	Inhibition	(ZOI,	 illustrated	 in	Figure 4)	and	
the	Minimum	Inhibitory	Concentration	(MIC,	illustrated	
in	Figure 5)	of	 the	active	 ingredient	are	often	an	indica-
tor	 of	 a	 deodorant's	 efficacy	 [39].	 These	 two	 parameters	
are	obtained	by	utilizing	in	vitro	approaches.	Kirby-	Bauer	
method	is	a	qualitative	approach	used	to	acquire	the	ZOI	
[40].	The	deodorant	active	ingredient	is	placed	as	an	anti-
biotic	disc	onto	the	culture	plate	of	malodour-	forming	bac-
teria.	Then	the	bacterial	cell	culture	will	incubate	for	24 h	
or	 as	 long	 as	 needed,	 depending	 on	 the	 bacteria	 species	
[41].	The	ZOI	is	measured	by	an	empty	area	around	the	
antibiotic	disc	(in	the	unit	of	millimetres,	mm)	where	the	
bacteria	have	not	grown	enough	to	be	visible.	Depending	
on	 the	 size	 of	 the	 circular	 zone,	 antibiotics	 will	 be	 clas-
sified	 as	 resistant,	 susceptible,	 or	 intermediate	 based	 on	
the	 Clinical	 and	 Laboratory	 Standards	 Institute	 (CLSI)	
database.

MIC	 is	 described	 as	 the	 lowest	 concentration	 of	 the	
antibiotic	that	can	prevent	the	visible	growth	of	bacteria,	

expressed	in	a	unit	of	μg/L	or	mg/L.	To	evaluate	MIC,	the	
broth	 dilution	 assay	 is	 used	 [42].	 In	 summary,	 various	
concentrations	 of	 antibiotics	 are	 prepared	 in	 test	 tubes,	
followed	by	incubating	those	solutions	with	cultured	bac-
teria.	If	bacteria	grow,	the	solution	will	appear	cloudy.	The	
MIC	 value	 is	 identified	 at	 the	 concentration	 of	 antibiot-
ics	 which	 produces	 a	 clear	 solution.	 Similar	 to	 the	 ZOI,	
this	concentration	will	then	be	compared	to	the	CLSI	da-
tabase,	 to	 determine	 whether	 the	 bacteria	 are	 resistant,	
susceptible,	or	intermediate	to	the	antibiotic.	However,	it	
is	 important	 to	note	 that	 these	 in	vitro	approaches	have	
limitations.	For	example,	the	concentration	of	deodorant	
active	ingredients	remains	constant	throughout	the	Kirby-	
Bauer	analysis,	whereas	in	real-	life	application,	it	can	be	
absorbed	into	the	skin	or	evaporated.	Therefore,	this	tech-
nique	might	not	fully	replicate	real-	world	conditions.

In	addition	to	 in	vitro	approaches,	 the	efficiency	of	a	
deodorant	product	could	also	be	measured	quantitatively	
via	using	gas	sensors.	In	1996,	Fujimoto	et	al.	[43]	intro-
duced	the	concept	of	using	a	SnO2	semiconductor-	based	
gas	 sensor	 to	 measure	 the	 change	 of	 malodour	 gas	 con-
centrations	after	deodorants	are	being	introduced	into	the	
test	chamber.	This	approach	allows	 the	efficiency	of	 the	
deodorant	to	be	measured	quantitatively	at	low	cost	and	
high	accuracy.	Although	this	study	used	active	carbon	and	
porous	iron	as	their	test	substances,	it	has	inspired	many	
other	researchers	to	use	gas	sensors	for	detecting	the	de-
odorizing	property	 in	 the	 interest	of	personal	care	prod-
ucts	[44-	46].

Later,	 Caroprese	 et	 al.	 [47]	 published	 a	 study	 on	 uti-
lizing	 the	 GC-	MS	 technique	 to	 evaluate	 the	 efficiency	
of	 deodorant	 products	 quantitatively.	 The	 major	 advan-
tages	 of	 GC-	MS	 are	 that	 it	 is	 a	 general-	purpose	 analyti-
cal	technique	that	is	available	in	most	laboratories	and	it	
is	non-	invasive	to	the	test	subject	 involving	in	the	study.	
Furthermore,	GC-	MS	additionally	allows	qualitative	anal-
ysis,	 meaning	 that	 the	 chemical	 composition	 of	 eccrine	

F I G U R E  2  Schematic	representation	
of	chemical	components	in	human	body	
odour	[Created	with	BioRe	nder.com,	
inspired	by	24,26].

 14682494, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ics.12852 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [12/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://biorender.com


6 |   DEODORANTS & ANTIPERSPIRANTS

and	apocrine	secretions	can	be	identified.	The	results	from	
this	 study	 showed	 a	 significant	 reduction	 (ranging	 from	
26.6%	 to	 77.0%)	 in	 the	 malodour	 acid	 content	 when	 de-
odorant	cream	was	applied	to	the	test	subjects.	However,	
the	number	of	subjects	in	this	study	is	limited	(six	people).	
It	is	critical	to	expanding	the	scale	of	this	protocol,	as	the	
chemical	composition	and	the	concentration	of	malodour	
compounds	can	be	significantly	different	 from	one	 indi-
vidual	to	another.

RESEARCH PROGRESS ON 
ANTIPERSPIRANT PRODUCTS AND 
COMPOSITION COMPONENTS

Aluminium salts and their mechanism of 
action

Aluminium	 chloride	 in	 an	 aqueous	 solution	 was	 intro-
duced	in	1916	by	Stillians	[48]	as	an	antiperspirant	active	

F I G U R E  3  (a)	Formation	mechanism	
of	(S)-	3-	Methyl-	3-	Sulfanylhexan-	1-	ol	
(3M3SH)	and	(b)	3-	hydroxy-	3-	methyl-	
hexanoic	acid	(HMHA),	created	by	Biore	
nder.com	[78].

Role Compound

Antimicrobial	agents Triclosan,	propylene	glycol,	quaternary	ammonium	
compounds,	octoxyglycerin,	2-	ethylhexylglycerin,	and	
ethyllauryl	arginate	hydroxychloride

Odour	masking	agents Limonene,	linalool,	eugenol,	geraniol,	
hexylcinnamaldehyde,	or	simply	labelled	“fragrance”

Odour	absorbers Sodium	acid	carbonate,	zinc	carbonate,	and	talc

T A B L E  1 	 Common	ingredients	in	
deodorant	products,	adapted	from	Martini	
2020	[31].
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   | 7TEERASUMRAN et al.

and	 it	 is	 still	 considered	 to	 be	 one	 of	 the	 most	 effective	
antiperspirant	ingredients.	However,	because	of	the	acidic	
nature	 of	 aluminium	 chloride,	 it	 can	 cause	 skin	 irrita-
tion	and	clothes	damaging	which	limited	its	use	[49,50].	
Later	in	the	1940s,	a	less	acidic	aluminium	chlorohydrate	
(ACH)	active	was	introduced	to	the	market	[7].	The	for-
mulation	consisted	of	salicylic	acid,	which	reduced	the	in-
cidence	of	skin	irritation	and	also	had	good	anti-	bacterial	

and	anti-	fungal	properties.	Table 2	describes	typical	ingre-
dients	 found	 in	 a	 commercially	 available	 antiperspirant	
formulation.

The	 mechanism	 of	 action	 of	 antiperspirant	 is	 by	 the	
formation	of	gel	plugs	in	sweat	pores	[51].	This	prevents	
sweat	from	emerging	onto	the	skin	surface,	keeps	the	ax-
illary	dry,	and	eliminates	the	food	source	for	the	bacteria.	
A	gel	plug	is	formed	as	a	result	of	the	interaction	between	

F I G U R E  4  Schematic	representation	of	the	Kirby-	Bauer	approach	to	quantify	the	Zone	of	Inhibition	(ZOI),	created	with	Biore	nder.com.

F I G U R E  5  Schematic	representation	of	the	broth	dilution	assay	in	order	to	obtain	the	Minimum	Inhibitory	Concentration	(MIC),	
created	with	Biore	nder.com.
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8 |   DEODORANTS & ANTIPERSPIRANTS

aluminium	salts	and	the	biomolecules	in	the	sweat	solu-
tion.	This	interaction	is	first	introduced	as	the	“Gel	Plug	
Theory”	by	Reller	and	Luedders	[9].	Reller	and	Luedders	
observed	 an	 amorphous	 aluminium-	containing	 mass	 at	
the	 acrosyringium	 of	 the	 skin.	 They	 have	 hypothesized	
that	the	formation	of	this	precipitate	was	likely	due	to	the	
acidic	 aluminium	 salts	 being	 slowly	 neutralized	 as	 they	
travelled	into	the	sweat	duct	and	precipitated	at	the	phys-
iological	pH.

Later	in	2015,	Yuan	et al	[52]	have	demonstrated	this	in-
teraction	using	Bovine	Serum	Albumin	(BSA)	as	a	model	
protein	 in	 the	 sweat	 solution.	 According	 to	 the	 model,	
aluminium	salts	are	hydrolysed	into	Al3+	ions	upon	con-
tacting	with	BSA	solution.	The	interaction	between	Al3+	
ions	and	BSA	is	pH-	dependent	and	driven	by	electrostatic	
force	as	illustrated	in	Figure 6.	At	low	pH	(below	4),	both	
species	are	cations	and	repulsed	one	another.	However,	at	
pH = 4.7,	an	isoelectric	point	of	BSA	protein	is	reached.	
This	means	the	protein	has	an	equal	amount	of	negative	
and	positive	charges	on	its	surface	while	Al3+	remains	the	
same.	Interaction	of	opposite	charges	species	leads	to	the	
formation	of	water-	insoluble	complexes.

Testing methodologies for the evaluation of 
an antiperspirant's efficiency

For	antiperspirants,	their	ability	to	reduce	the	amount	of	
sweat	 is	 measured	 by	 a	 gravimetric	 approach	 involving	
human	 volunteers	 [53].	 For	 instance,	 perspiration	 was	
collected	before	and	after	the	exposure	of	antiperspirants	
using	 pre-	weight	 cotton	 pads	 which	 were	 placed	 under	
volunteers'	axilla.	Additionally,	an	aerosol	antiperspirant	
formulation	may	be	subjected	to	a	fabric	staining	test.	This	
is	 usually	 performed	 by	 observing	 the	 axilla	 region	 of	 t-	
shirts	worn	by	test	subjects	using	a	reflectometer.

Furthermore,	a	sensory	assessment	is	conducted	to	eval-
uate	the	ability	of	an	antiperspirant	product	in	reducing	the	
offensive	body	odour	[54].	This	assessment	involves	human	
volunteers	 and	 a	 panellist	 of	 trained	 sniffers.	 Firstly,	 the	
test	subjects	are	required	to	undergo	a	wash	phase,	where	
they	are	given	an	unscented	soap	and	a	fresh	t-	shirt	to	wear	

throughout	 the	 experiment	 duration	 [55].	 It	 is	 crucial	 to	
avoid	possible	negative	effects	on	the	olfactory	assessment.	
Therefore,	the	assessment	is	conducted	odour-	neutral	labo-
ratory	with	defined	ambient	conditions	and	the	test	subjects	
are	prohibited	from	using	any	other	body	odour	treatment	
using	the	wash	phase.	After	the	wash	phase	is	completed,	
a	deodorant	or	antiperspirant	product	will	be	applied	onto	
the	test	subject's	axilla.	Then	the	trained	sniffers	will	sniff	
directly	 at	 the	 axilla,	 or	 a	 t-	shirt	 worn	 by	 the	 test	 subject	
after	a	certain	period	of	time.	Sniffers	are	trained	to	correlate	
their	individual	odour	perception	with	an	intensity	calibra-
tion.	According	to	the	European	Standard	EN	13725:2003,	
1-	butanol	 diluted	 in	 nitrogen	 gas	 is	 used	 as	 a	 reference	
odour	substance.	There	are	currently	around	300	laborato-
ries	worldwide	that	use	this	method	[56].

Even	though	the	training	protocol	for	the	trained	sniff-
ers	is	established,	the	sensory	assessments	from	two	inde-
pendent	laboratories	cannot	be	compared.	This	is	because	
each	laboratory	can	decide	when	will	they	going	to	carry	
out	the	sniffing	testing,	and	where	will	be	the	site	of	as-
sessment.	For	instance,	Traupe	et	al.	[54]	carried	out	the	
assessment	 24	 and	 48  h	 after	 application	 of	 the	 deodor-
ant	product.	Then	followed	by	sniffing	directly	at	the	ax-
illary	 region	of	 the	 test	 subject.	Whereas	Yoshioka	et	al.	
[55]	 performed	 the	 sniffing	 test	 at	 a	 t-	shirt	 worn	 by	 the	
participant	 immediately	 after	 the	 test	 subject	 performed	
sweat-	inducing	activities	such	as	exercise	and	performing	
stressful	calculations.

In	addition	to	in	vitro	and	in	vivo	approaches	conven-
tionally	used	to	evaluate	the	efficiency	of	deodorant	and	
antiperspirant	final	formulations	or	commercial	products,	
many	 researchers	 are	 working	 towards	 creating	 a	 plat-
form	 to	 develop	 a	 better	 understanding	 of	 their	 mecha-
nism	of	actions	[57].	In	2017,	Bretagne	et	al.	[57]	utilized	
a	T-	junction	microfluidic	device	to	mimic	a	small	channel	
nature	 of	 the	 human	 eccrine	 sweat	 ducts	 (illustrated	 in	
Figure 7).	The	objective	of	this	experiment	was	to	inves-
tigate	 the	 importance	 of	 proteins	 in	 the	 gel-	plug	 forma-
tion	of	antiperspirant	actives.	In	this	study,	Bovine	Serum	
Albumin	 (BSA)	 protein	 was	 selected	 as	 a	 model	 protein	
to	represent	 the	biomolecules	 found	in	sweat	gland's	se-
cretions.	The	experiments	were	conducted	 in	3	different	

Role Compound

Gel-	plug	formation Aluminium	salts:	aluminium	chlorohydrate,	
aluminium	sesquichlorohydrate,	
aluminium	bromide,	aluminium	zirconium	
tetrachlorohydrate,	and	aluminium	lactate	[50]

Carrying	vehicle Ethanol,	propylene	glycol

Propellants	(in	the	case	of	aerosol	
formulation)

Butane,	isobutane,	and	propane

Fragrance Limonene,	linalool,	geraniol,	benzyl	salicylate

T A B L E  2 	 Common	ingredients	in	
antiperspirant	formulation,	adapted	from	
Benohanian	2001,	Jungermann	1974,	and	
Martini	2020	[5,31,56].
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   | 9TEERASUMRAN et al.

conditions:	using	natural	sweat	solution,	using	“artificial”	
sweat	 solution	 with	 BSA,	 and	 artificial	 sweat	 solution	
without	BSA.

The	authors	have	concluded	that	the	presence	of	pro-
tein	is	crucial	for	the	gel-	plug	formation	phenomenon	of	
antiperspirant	active	agents.	Furthermore,	the	mechanism	
of	action	can	be	categorized	into	2	stages,	the	nucleation	
and	 the	 growth	 stages.	 The	 nucleation	 stage	 happened	
where	the	flow	of	antiperspirant	agent	met	the	sweat	solu-
tion.	The	water-	insoluble	gel	plug	attached	to	the	wall	of	
the	microfluidic	device	and	formed	a	tenuous	membrane.	
Later	 in	 the	 growth	 stage,	 the	 membrane	 formed	 was	
collecting	protein	molecules	from	the	sweat	flow	and	ex-
panding	its	size.	The	size	of	this	membrane	was	growing	
until	the	channel	is	fully	blocked.

According	to	the	findings	from	this	study,	a	microflu-
idic	 device	 was	 an	 excellent	 tool	 to	 observe	 interactions	
between	sweat	solution	and	ACH	which	leads	to	gel-	plug	
formation.	Furthermore,	the	device	used	in	this	study	has	
simplified	the	sweat	duct	geometry	and	the	surrounding	
environment,	making	it	suitable	for	finding	new	antiper-
spirant	 actives	 in	 the	 future,	 based	 on	 their	 interaction	
with	sweat	proteins.	However,	it	is	important	to	note	that	
the	experiment	condition	of	the	microfluidic	device	might	
not	 fully	 replicate	 real	 life	 conditions.	 In	 this	 study,	 the	
flow	of	both	sweat	and	ACH	were	continuous	throughout	
the	duration	of	the	experiment.	Whereas	in	reality,	an	an-
tiperspirant	is	applied	only	for	a	short	period	of	time.

ALTERNATIVE ACTIVE 
INGREDIENTS FOR BODY ODOUR 
REDUCTION TREATMENTS

Globally,	 there	 is	a	growing	 interest	 in	using	naturally	
derived	ingredients	such	as	plant	extracts	and	essential	
oils	in	personal	care	products	[7].	Nature-	derived	com-
pounds	are	often	perceived	as	a	safer	and	more	environ-
mentally	 friendly	option	 than	synthetic	compounds	by	
consumers.	 The	 current	 progress	 on	 developing	 novel	
and	 naturally	 derived	 alternative	 ingredients	 for	 both	
deodorants	 as	 well	 as	 antiperspirants	 is	 highlighted	 in	
this	section.

Naturally derived ingredients

Bacterial	extracts

The	use	of	acetic	acid	bacterial	(AAB)	extracts	as	a	deodor-
izing	agent	was	investigated	by	Yoshioka	et	al.	2018	[55].	
AAB	 is	 a	 class	 of	 gram-	negative	 bacteria	 widely	 used	 in	
the	food	industries	such	as	the	production	of	vinegar	and	
kombucha	[58].	The	cell	membrane	of	AAB	is	comprised	
of	two	enzymes,	alcohol	dehydrogenase,	and	aldehyde	de-
hydrogenase.	The	authors	hypothesised	that	AAB	extract	
can	directly	target	the	root	cause	of	the	unpleasant	body	
odour,	 aldehyde	 [23],	 by	 converting	 aldehydes	 (R-	CHO)	

F I G U R E  6  Schematic	representation	
of	the	interaction	between	aluminium	
salts	and	BSA	model	protein,	(adapted	
from	Yuan	et	al.	2015).

F I G U R E  7  A	schematic	representation	of	the	ACH	gel-	plug	formation	observed	in	a	microfluidic	device	with	channel	width	of	50	μm.	
The	horizontal	arrow	represented	the	flow	direction	of	15%	ACH	in	aqueous	solution	and	the	vertical	arrow	represented	the	flow	of	sweat	
solution.	Adapted	from	Bretagne	et	al.	2017	and	created	with	Biore	nder.com	[57].
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10 |   DEODORANTS & ANTIPERSPIRANTS

into	 carboxylic	 acids	 (R-	COOH)	 (mechanism	 of	 action	
shown	in	Figure 8).

In	 this	study,	 the	suspension	solution	of	AAB	extract	
was	 applied	 to	 the	 test	 subject's	 underarm.	The	 concen-
tration	of	malodourous	aldehydes	was	measured	using	a	
thermal	 detector	 Gas	 chromatography/Mass	 spectrome-
try	(GC-	MS)	system	and	the	sensory	assessment	was	car-
ried	out	by	a	group	of	 trained	sniffers.	After	application	
of	AAB	extract,	the	concentration	of	five	aldehydes	con-
tributed	to	body	odour	(2-	nonenal,	n-	hexanal,	n-	heptanal,	
n-	octanal,	and	n-	nonanal)	was	much	lower	than	the	con-
trol	group	with	DI	water.	The	results	obtained	 from	this	
study	 showed	 that	 the	 AAB	 extract	 can	 significantly	 re-
duce	 the	 concentration	 of	 aldehyde	 compounds	 in	 body	
odour,	but	not	completely	eliminate	them.	In	terms	of	the	
sensory	assessment,	the	authors	have	pointed	out	that	“a	
few”	unpleasant	odours	were	picked	up	 from	the	panel-
lists.	 However,	 it	 should	 be	 emphasized	 that	 the	 chemi-
cal	 composition	 of	 human	 body	 odour	 consists	 of	 other	
compounds	 in	 addition	 to	 aldehydes	 such	 as	 fatty	 acids	
and	thiols.	Nonetheless,	the	findings	from	this	study	have	
highlighted	the	potential	use	of	AAB	extract	as	a	deodoriz-
ing	agent	against	malodour	aldehydes.	Perhaps	this	agent	
may	be	employed	in	combination	with	other	deodorizing	
agents	in	the	future.

Plant	extracts

In	 2009,	 Dumas	 et	 al.	 [40]	 conducted	 a	 study	 to	 evalu-
ate	the	antimicrobial	activity	of	the	supercritical	hop	ex-
tract	obtained	 from	the	hop	plant	 (Humulus	 lupulus	L.,	
Cannabaceae).	 In	 this	 study,	 the	antibacterial	activity	of	
the	hop	extract	was	tested	against	Corynebacterium xero-
sis	 and	 Staphylococcus epidermidis,	 the	 key	 contributors	
in	 human	 body	 odour	 production.	 Furthermore,	 an	 in	
vivo	sensory	evaluation	in	42	human	volunteers	was	con-
ducted	to	identify	the	deodorant	activity	of	the	hop/zinc	
ricinoleate	deodorant	stick.

The	hop	extract	used	in	this	study	was	obtained	by	the	
supercritical	 extraction	 technique	 using	 CO2	 at	 320	bar	
and	40°C.	The	HPLC	analysis	of	the	hop	extract	showed	
the	 presence	 of	 alpha	 and	 beta-	acids	 which	 exhibit	 an	
antimicrobial	 property	 via	 causing	 leakage	 at	 the	 bacte-
rial	cytoplasmic	membrane	and	inhibiting	their	nutrient	
transport.	However,	the	hop	extract	is	only	susceptible	to	
gram-	positive	bacteria,	according	to	the	in	vitro	bacterial	
culture	conducted	in	this	study.	The	average	ZOI	of	hop	
extract	was	reported	to	be	9	mm	at	concentrations	of	1.5	
and	2 mg/mL	against	S.	epidermidis,	 and	12	and	15	mm	
for	 C.	 xerosis,	 at	 the	 concentration	 of	 1.5	 and	 2  mg/mL,	
respectively.

To	 formulate	 a	 deodorant	 stick,	 the	 hop	 extract	
was	 combined	 with	 zinc	 ricinoleate	 which	 has	 odour-	
binding	property.	The	author	further	indicated	that	zinc	
ricinoleate	was	added	 to	help	 slow	down	 the	oxidative	
degradation	of	acid	components	in	the	hop	extract.	The	
results	 from	 the	 sensory	 evaluation	 showed	 that	 the	
mean	 malodour	 score	 has	 dropped	 from	 6.28	±	0.70	 to	
1.8	±	0.71	 after	 8	h	 of	 application.	 The	 malodour	 score	
remained	 low	 after	 both	 12	 and	 24	h	 of	 application	 at	
1.82	±	0.74	 and	 2.24	±	0.77,	 respectively.	 Although	 the	
results	 from	 this	 study	 confirmed	 both	 antimicrobial	
and	 deodorizing	 activities	 of	 the	 hop	 extract,	 it	 is	 im-
portant	to	note	that	acid	components	in	the	hop	extract	
are	prone	to	oxidative	degradation.	Therefore,	the	shelf-	
life	 of	 hop	 extract-	containing	 deodorant	 products	 is	
needed	to	be	addressed	in	the	future	research.

The	antimicrobial	activity	of	Terminalia	spp.	plant's	
extract	was	studied	by	Cock	et	al.	[59].	The	plant	samples	
were	 acquired	 from	 three	 different	 origins:	 Australia,	
India,	and	South	Africa.	Solvent	extractions	of	the	leaf,	
fruit,	 and	 bark	 of	 the	 plant	 samples	 were	 performed	

F I G U R E  8  The	mechanism	of	action	of	aldehyde	
dehydrogenase	from	AAB	extracts	(Created	with	BioRe	nder.com,	
adapted	from	Yoshioka	et	al.	[55]).
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   | 11TEERASUMRAN et al.

using	5	solvents	with	different	polarities.	In	this	study,	
the	antimicrobial	property	of	plant	extracts	is	evaluated	
in	comparison	to	vancomycin,	a	commercially	available	
antibiotic.	The	authors	reported	that	solvent	extraction	
with	high	polarity	solvents	resulted	in	a	higher	yield	of	
the	plant	extract.	The	methanolic	 leaf	 extracts	 showed	
excellent	 growth	 inhibition	 for	 various	 types	 of	 bacte-
ria,	especially	C.	jeikeium	and	S.	epidermidis,	which	are	
the	 significant	 contributors	 to	 body	 malodour	 produc-
tion.	Furthermore,	 the	methanolic	 leaf	 extract	 showed	
comparable	 inhibition	 recorded	 from	 the	 vancomycin	
control.

The	authors	have	concluded	that	the	antimicrobial	ac-
tivity	of	the	plant	extract	is	likely	due	to	a	high	tannin	con-
tent	found	in	these	plants	(1.3%–	6.7%	relative	abundance	
was	measured	using	HPLC-	MS,	reported	by	the	author's	
earlier	 work	 in	 2015)	 [60].	 Although	 tannins	 can	 be	 an	
excellent	 alternative	 to	 commercial	 deodorant	 active	 in-
gredients,	 it	 is	 also	 possible	 for	 tannins	 to	 behave	 as	 an	
antiperspirant	agent.	Tannin	is	a	polyphenolic	compound	
that	 has	 the	 ability	 to	 bind	 and	 precipitate	 protein	 via	
non-	specific	bonding	such	as	hydrogen	bonding	and	hy-
drophobic	interaction	which	is	similar	to	the	gel-	plug	for-
mation	mechanism	of	antiperspirants	[61].	However,	the	
in-	situ	gelation	property	of	tannin	was	not	investigated	in	
this	study.	It	is	noteworthy	to	mention	that	tannin	can	pro-
duce	a	yellow	or	brown	tint	when	dissolving	in	water.	This	
might	be	a	concern	when	trying	to	 formulate	 it	and	can	
affect	the	appearance	of	the	product.

Essential	oils

Essential	oil	is	the	term	used	to	describe	an	aromatic	vola-
tile	liquid	obtained	from	plant	materials	via	steam	distilla-
tion	[62,63].	The	components	of	essential	oil	are	lipophilic	
and	 highly	 volatile	 secondary	 plant	 metabolites	 with	 a	
molecular	weight	lower	than	300	Da,	for	example,	terpe-
nes,	 allyl,	 and	 isoallyl	 phenols.	 Applications	 of	 essential	
oils	are	diverse.	They	can	be	used	in	the	cosmetics	indus-
try,	alternative	medicine,	and	agro-	alimentary	uses	due	to	
their	antimicrobial	activity.

Satureja	species	is	a	well-	known	aromatic	plant	of	the	
family	Lamiaceae,	related	to	rosemary	and	thyme	[39,64].	
A	 study	 conducted	 by	Vagionas	 and	 colleagues	 reported	
the	use	of	essential	oils	from	three	Satureja	species	as	an	
antimicrobial	agent	[39].	The	chemical	composition	ana-
lysed	 by	 GC-	MS	 indicated	 that	 the	 Satureja	 essential	 oil	
consisted	 of	 over	 eighty	 components.	There	 are	 6	 major	
components	 in	 the	 essential	 oil:	 spathulenol	 (11.9%),	
α-	bisabolol	 oxide-	B	 (8.77%),	 terpinen-	4-	ol	 (7.12%),	 lin-
alool	 (6.03%),	 bornyl	 acetate	 (4.75%),	 and	 β-	bourbonene	
(4.19%).	 Although	 the	 author's	 aim	 was	 to	 evaluate	 the	

antimicrobial	property	of	 the	essential	oil	 against	bacte-
ria	found	in	food	products,	the	essential	showed	excellent	
antimicrobial	property	against	Staphylococcus epidermidis	
with	MIC = 0.37–	0.98	mg/mL,	depending	on	the	Satureja	
species.

Salvia lanigera Poir	is	another	example	of	a	plant	in	the	
family	Lamiaceae	whose	essential	oil	shows	antimicrobial	
activity	towards	gram-	positive	bacteria.	MIC = 50	±	0.4 μg/
mL	and	12.5 μg/mL	against	S.	aureus	and	S.	epidermidis,	
respectively,	of	Salvia lanigera essential oils	was	reported	
by	Tenore	et	al.	[41].	These	results	could	support	the	sug-
gestion	of	using	essential	oils	obtained	from	plants	family	
Lamiaceae	as	an	alternative	to	conventional	antimicrobial	
agents	towards	gram-	positive	bacteria.

Carum copticum	 is	 a	 medicinal	 plant	 whose	 seed	 is	
extensively	used	as	 food	preservatives	 in	 India	 [65].	The	
essential	oil	extracted	from	C.	copticum	is	rich	in	thymol,	
γ-	terpinene,	and	ρ-	cymene.	The	antimicrobial	activity	of	
these	compounds	has	been	highlighted	by	many	research-
ers	[66,67].	In	2002,	Singh	et	al.	[66]	reported	the	use	of	es-
sential	oil	extracted	C. copticum	as	an	antimicrobial	agent.	
The	authors	have	concluded	that	C. copticum	is	effective	
against	a	broad	range	of	bacteria,	including	S. aureus	and	
Corynebacterium	diphtheriae.	 In	 the	case	of	C. diphthe-
riae,	the	antimicrobial	activity	of	C. copticum	essential	oil	
was	 greater	 compared	 to	 the	 control	 group	 using	 cipro-
floxacin	(zone	of	inhibition,	ZOI	of	26	and	23	mm,	for	the	
essential	oil	and	penicillin,	respectively).

In	2015,	Suzuki	et	al.	[62]	evaluated	the	potential	usage	
of	essential	oil	from	Origanum vulgare	Linnaeus	as	an	an-
timicrobial	agent	against	body	odour-	producing	bacteria.	
The	essential	oil	sufficiently	showed	antimicrobial	activity	
against	Micrococcus luteus,	Proteus vulgaris,	S. epidermidis,	
and	 Corynebacterium xerosis.	 Additionally,	 the	 morpho-
logical	 changes	 in	 the	 strains	 treated	 with	 the	 essential	
oil	 were	 observed	 under	 Scanning	 Electron	 Microscope	
(SEM).	The	chemical	profile	of	the	essential	oil	was	iden-
tified	by	High-	Resolution	Gas	Chromatography	(HR-	GC).	
According	 to	 HR-	GC,	 the	 essential	 oil	 has	 a	 high	 con-
tent	of	γ-	terpinene,	carvacrol,	and	terpinen-	4-	ol	at	30.5%,	
15.7%,	and	13.0%,	respectively.	From	the	results	obtained	
from	both	Singh	et	al.	2002	and	Suzuki	et	al.	2015,	it	can	
be	 concluded	 that	 γ-	terpinene	 can	 be	 considered	 as	 a	
Corynebacterium	growth	inhibitor.

Recent	research	published	by	Moon	et	al.	[44]	reported	
the	 deodorant	 activity	 of	 essential	 oil	 extracted	 from	
Asiasarum heterotropoides.	In	this	research,	the	essential	
oil	was	extracted	using	a	system	comprised	of	supercriti-
cal	carbon	dioxide	fluid	(Sc-	CO2)	which	was	proven	to	be	
a	 more	 environmentally	 friendly	 approach	 compared	 to	
conventional	organic	solvent	extractions	and	steam	distil-
lation.	This	is	due	to	the	use	of	non-	toxic,	non-	flammable	
solvents,	and	at	a	lesser	amount.	Furthermore,	the	results	
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12 |   DEODORANTS & ANTIPERSPIRANTS

from	this	study	demonstrated	that	the	supercritical	fluid	
system	yielded	a	greater	amount	of	essential	oil	compared	
to	solvent	extraction.

The	extracted	essential	oil	demonstrated	excellent	de-
odorant	activity	with	ammonia	as	representative	odorous	
gas.	 During	 the	 first	 10	min	 after	 the	 oil	 is	 introduced,	
over	80%	of	ammonia	concentration	was	reduced	and	the	
concentration	became	nearly	0%	after	30 min.	Chemical	
compositions	 of	 the	 extracted	 oil	 were	 identified	 using	
GC-	FID	and	GC-	MS	techniques.	Over	27	volatile	organic	
compounds	were	found,	including	methyleugenol	which	
exhibits	antimicrobial	and	antifungal	properties.	However,	
the	antimicrobial	of	the	extracted	oil	from	this	study	was	
not	reported.

Synthetic ingredients

Anticholinergic	agents

Anticholinergic	is	a	term	used	to	describe	a	class	of	sub-
stances	 that	 blocks	 the	 action	 of	 the	 neurotransmitter	
called	acetylcholine	(Ach)	[68].	The	mechanism	of	action	
of	anticholinergics	is	to	inhibit	the	binding	of	Ach	to	the	
muscarinic	acetylcholine	receptor	 (M	Ach	receptor)	and	
bind	themselves	to	the	receptor	 instead.	This	receptor	 is	
responsible	 for	 the	 contraction	 of	 smooth	 muscles	 and	
increasing	 the	 amount	 of	 fluid	 secreted	 from	 sebaceous	
and	sweat	glands.	For	this	reason,	anticholinergic	agents	
have	gained	interest	over	 the	recent	years	as	an	alterna-
tive	treatment	to	an	aluminium-	containing	antiperspirant	
for	 hyperhidrosis	 patients.	 The	 majority	 of	 anticholiner-
gic	agents	contain	a	highly	polar	quaternary	ammonium	
group,	 this	 restricts	 their	 passage	 across	 human	 lipid	

membranes.	The	chemical	structures	of	common	anticho-
linergic	compounds	are	shown	in	Figure 9.

Block	copolymers

In	2017,	Traupe	et	al.	[54]	studied	the	use	of	a	synthetic	
cationic	block	copolymer	as	a	deodorant	active	ingredient.	
In	 this	 study,	 the	 antimicrobial	 property,	 and	 the	 axilla	
odour	intensity	assessment	of	polyquaternium-	16	(PQ-	16)	
were	investigated	in	vivo.	PQ-	16	is	a	block	copolymer	of	
1-	vinyl-	2-	pyrrolidone	 and	 1-	vinyl-	3-	methylimidazolium	
chloride.	 The	 chemical	 structure	 is	 shown	 in	 Figure  10.	
This	 type	 of	 compound	 is	 already	 utilized	 in	 hair	 care	
products	such	as	conditioners	and	shampoos.	This	is	due	
to	the	presence	of	strong	positive	charges	that	can	induce	
cytoplasmic	membrane	damage	of	bacterial	and	ionically	
bind	 to	 the	 hair.	 In	 addition,	 PQ-	16	 has	 a	 high	 molecu-
lar	weight,	approximately	40	000–	400	000	Da	which	is	un-
likely	to	penetrate	to	the	skin	(Robert	et	al.	2013)	[69].	In	
this	 study,	 both	 antimicrobial	 property	 and	 axilla	 odour	
intensity	 assessment	 of	 the	 PQ-	16	 deodorant	 were	 com-
pared	 with	 a	 commercially	 available	 roll-	on	 deodorant	
and	a	perfumed	microemulsion	consisted	of	10%	ACH.

The	authors	have	reported	no	adverse	reaction	or	dis-
comfort	 observed	 during	 the	 duration	 of	 this	 study	 and	
the	 roll-	on	 formulation	 consisted	 of	 PQ-	16	 was	 well-	
tolerated	 among	 the	 study	 population.	 After	 1,	 4,	 8,	 24,	
and	48 h	of	application,	the	bacterial	count	in	the	case	of	
PQ-	16	roll-	on	was	reported	to	be	significantly	lower	than	
the	commercially	available	roll-	on.	However,	when	com-
paring	with	the	10%	ACH	formulation	the	decrease	in	bac-
terial	count	was	not	significant.	The	axilla	odour	intensity	
assessment	was	evaluated	by	a	panel	of	 trained	 sniffers.	

F I G U R E  9  Chemical	structures	
of	common	anticholinergic	substances	
[68,79,80].
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   | 13TEERASUMRAN et al.

The	odour	intensity	score	was	given	by	the	trained	sniffer	
with	a	score	ranging	 from	0	 to	5	 (0	means	no	odour	de-
tected	and	5	means	very	strong	axilla	odour).	It	is	observed	
that	after	24	and	48 h	of	application,	the	trained	sniffers	
rated	 the	 axilla	 odour	 intensity	 score	 of	 PQ-	16	 roll-	on	
lower	than	the	commercially	available	roll-	on	but	roughly	
the	 same	 with	 the	 10%	 ACH	 formulation.	 Based	 on	 the	
bacterial	count	and	axilla	odour	intensity	score	results,	it	
can	 be	 concluded	 that	 the	 PQ-	16-	containing	 roll-	on	 for-
mulation	 performed	 better	 than	 the	 commercially	 avail-
able	 roll-	on	 and	 provided	 comparable	 efficiency	 to	 the	
ACH-	containing	formulation.

Silver	nanoparticles	(AgNPs)

Silver	 nanoparticles	 (AgNPs)	 are	 well	 known	 for	 their	
inhibitory	and	bactericidal	effects.	A	study	conducted	by	
Guzman	et	al.	 [70]	reported	the	ZOI	and	MIC	of	AgNPs	
against	 gram-	positive	 bacteria	 (S.  aureus)	 and	 gram-	
negative	bacteria	(E. coli	and	P. aeruginosa).	It	is	observed	
that	 their	 antibacterial	 property	 is	 influenced	 by	 parti-
cle	size.	Smaller	particle	size	offers	a	higher	surface	area	
available	for	the	interaction	to	occur	than	larger	particle.	
Hence,	 higher	 antimicrobial	 activity	 was	 observed.	 The	
mechanism	 of	 action	 of	 AgNPs	 was	 purposed	 by	 Feng	
et	al.	[71]	and	can	be	summarized	into	two	steps.	Firstly,	
the	nanoparticle	 is	attached	 to	 the	surface	of	a	bacterial	
cell	wall,	followed	by	releasing	Ag+	ions.	Secondly,	the	re-
leased	Ag+	enters	the	cell,	interacting	with	bacterial	DNA	
and	 proteins.	 Ag+	 turns	 the	 bacterial	 DNA	 into	 its	 con-
densed	form	which	then	leads	to	inhibition	of	DNA	repli-
cation.	In	addition,	Ag+	interacts	with	the	thiol	group	in	
proteins,	inducing	the	inactivation	of	the	proteins.

Bellarin	 et	 al.	 [72]	 reported	 a	 simplistic	 approach	
to	 synthesis	 a	 hybrid	 material	 containing	 ZnAl	 layered	
double	 hydroxides	 (ZnAl	 LDHs)	 and	 silver	 nanoparti-
cles	(AgNPs).	LDHs	are	anionic	clay	compound	which	is	
abundant	in	nature	and	easily	synthesis	in	the	laboratory.	
It	is	employed	in	various	applications	such	as	using	as	an	

adsorbent,	 catalytic	 support,	 and	 ion	 exchangers.	 In	 ad-
dition,	 it	 is	 well-	known	 for	 its	 high	 adsorption	 capacity.	
For	AgNPs,	it	has	gained	attention	in	biomedical	applica-
tions	due	to	its	antimicrobial	activity.	The	authors	aimed	
to	combine	both	materials	together	to	create	a	hybrid	ma-
terial	that	is	bio-	compatible,	high	adsorption	capacity,	and	
antimicrobial	activity.

The	 adsorption	 of	 AgNPs	 onto	 ZnAl	 LDHs	 substrate	
was	 confirmed	 by	 X-	ray	 diffractometer	 (XRD),	 Fourier-	
transform	 infrared	 spectroscopy	 (FT-	IR),	 and	 SEM.	 The	
deodorant	activity	was	evaluated	with	a	mixture	of	 fatty	
acids	to	replicate	the	malodour	formed	as	a	result	of	per-
spiration.	The	authors	showed	that	the	deodorant	activity	
of	 this	hybrid	material	was	higher	 than	zinc	ricinoleate.	
The	antimicrobial	activity	of	ZnAl-		AgNPs	was	observed	
with	Escherichia coli	via	using	in	vitro	turbidimetric	anal-
ysis.	However,	the	authors	did	not	report	the	antimicrobial	
activity	for	bacteria	responsible	for	human	body	odour.

Deodorizing	fabrics

Thus	far,	researchers	are	focusing	on	finding	an	alternative	
deodorizing	agent	that	can	be	incorporated	into	topical	de-
odorant	or	antiperspirant	products.	However,	the	applica-
tion	of	topical	products	is	not	the	only	approach	to	target	
body	odour.	Several	research	groups	have	investigated	the	
use	of	antimicrobial	or	deodorizing	fabric	to	overcome	this	
problem.	 In	 2011,	 Stay	 Fresh®	 antimicrobial	 fabric	 treat-
ment	developed	by	Quick-	Med	Technologies	Inc.	received	
the	U.S.	Environmental	Protection	Agency	(EPA)	registra-
tion	for	 its	usage	in	textile	applications	such	as	clothing,	
interior	 furniture,	and	carpet	 [73].	Hydrogen	peroxide	 is	
bonded	onto	the	fabric	and	act	as	an	active	ingredient	to	
provide	gentle	disinfectant	property	and	bleaching	action	
to	the	fabric.	However,	this	technology	is	still	under	devel-
opment	and	awaits	its	approval	from	the	FDA.

Research	published	by	Zhang	et	al.	[45]	demonstrated	
the	deodorizing	property	of	photocatalyst	(nanoscale-	TiO2)	
containing	textiles.	Nanoscale-	TiO2	can	absorb	oxygen	and	
capture	free	electron	under	the	presence	of	light,	generat-
ing	O2−	ions	which	oxidize	and	decompose	various	organic	
gases.	In	this	study,	a	series	of	polyester	and	bamboo	fibre	
blended	textile	with	different	compositions	of	nanoscale-	
TiO2	 (0%–	100%)	 was	 prepared.	The	 deodorizing	 property	
of	those	textile	was	evaluated	using	ammonia	(NH3)	as	a	
representative	odour	gas.	It	was	observed	that	after	12 h,	all	
textile	samples	can	reduce	the	concentration	of	ammonia	
gas.	As	expected,	the	deodorizing	rate	was	increasing	with	
increasing	 in	 TiO2	 composition.	 Although	 all	 the	 textile	
samples	in	this	study	showed	some	deodorizing	properties	
against	NH3	gas,	further	investigation	with	malodour	alde-
hydes,	carboxylic,	and	thiol	gases	is	necessary.

F I G U R E  1 0  Polyquaternium-	16	(PQ-	16).
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14 |   DEODORANTS & ANTIPERSPIRANTS

Later	 in	2018,	 the	deodorizing	property	of	phthalocy-
anine	 complex	 nanofibers	 was	 investigated	 by	 Lee	 et	 al.	
[46].	Phthalocyanine	 (Pc)	 is	a	conjugated	aromatic	com-
pound	frequently	used	as	a	dye	molecule.	It	has	excellent	
thermal	 and	 chemical	 stability,	 low-	cost	 advantage,	 and	
non-	toxicity.	Moreover,	it	is	also	been	known	as	an	antioxi-
dizing	agent	against	malodour	gases	such	as	hydrogen	sul-
phate	and	thiols.	Through	cyclic	oxidation	and	reduction	
reaction,	phthalocyanine	can	act	as	a	catalyst	 to	convert	
foul-	smelling	odour	compounds	into	odourless	molecules	
without	 being	 consumed.	 Nanofibers	 in	 this	 study	 were	
fabricated	 by	 incorporating	 4  wt%	 of	 Cu-	coordinated	 Pc	
into	 a	 polymeric	 solution	 of	 poly(vinyl	 alcohol),	 (PVA)	
and	silk.	The	nanofibers	were	prepared	by	electrospinning	
technique,	resulting	in	a	fibre	diameter	of	403	±	80	nm	(Pc-	
PVA)	and	534	±	74	nm	(Pc-	Silk).

The	 deodorant	 activity	 of	 phthalocyanine-	PVA	 and	
phthalocyanine-	silk	nanofibers	was	investigated	by	mea-
suring	 the	 reduction	 in	 concentrations	 of	 methanethiol	
gas,	 which	 is	 a	 model	 odorant	 in	 this	 study.	The	 reduc-
tion	in	malodour	gas	concentration	was	reported	to	be	15%	
and	 40%	 for	 pure	 PVA	 and	 silk	 nanofibers,	 respectively.	
The	authors	suggested	that	this	is	likely	due	to	the	large	
surface	area	of	both	materials.	Additionally,	incorporating	
phthalocyanine	 into	 the	 nanofiber,	 the	 concentration	 of	
methanethiol	 gas	 dropped	 significantly	 (25%	 for	 Pc-	PVA	
and	50%	for	Pc-	Silk).

Based	 on	 the	 findings	 of	 this	 investigation,	 it	 is	 rea-
sonable	to	conclude	that	nanofibers	have	the	potential	to	
reduce	the	concentration	of	malodour	gas	through	phys-
ical	absorption.	Additionally,	incorporating	Pc	molecules	
can	 exhibit	 excellent	 deodorizing	 properties.	 Although	
methanethiol	 is	 one	 of	 the	 chemical	 components	 found	
in	human	body	odour,	they	are	primarily	identified	at	the	
plantar,	 rather	 than	 the	 axilla	 region.	 Further	 investiga-
tions	with	malodour	compounds	found	at	the	axilla	(such	
as	HMHA	and	3M3SHH)	are	needed	in	order	to	evaluate	
the	 potential	 usage	 of	 phthalocyanine	 nanofibers	 as	 de-
odorizing	fabric.

Hygroscopic	materials

A	 recent	 study	 conducted	 by	 Lolla	 et	 al.	 [74]	 illustrated	
the	use	of	hygroscopic	material	(material	that	can	absorb	
water	 from	 its	 surroundings)	 to	 induce	 evaporation	 and	
self-	clogging	phenomenon	of	eccrine	sweat	glands	secre-
tion.	 Eccrine	 sweat	 glands	 secreted	 watery	 fluid	 that	 is	
rich	 in	mineral	 content	 including	NaCl,	KCl,	 and	bicar-
bonate.	Therefore,	the	authors	of	this	study	have	hypoth-
esised	that	the	mineral	content	of	sweat	could	potentially	
lead	to	self-	clogging	phenomena	when	the	water	compo-
nent	is	evaporated.	In	this	study,	an	artificial	sweat	duct	

was	 created	 and	 observed	 under	 a	 microscope.	 A	 glass	
tube	 with	 two	 openings	 with	 a	 diameter	 of	 50	μm	 was	
used	to	mimic	the	microchannel	nature	of	eccrine	sweat	
glands.	One	end	of	the	glass	tube	was	connected	to	a	sy-
ringe	which	introduced	an	artificial	sweat	solution	to	the	
tube	at	a	controlled	flow	rate.	Another	end	of	the	tube	is	
either	opened	to	air,	exposed	to	a	dry	plastic	cube	made	
of	PDMS,	and	exposed	to	propylene	glycol	infused	PDMS	
which	is	the	hygroscopic	material	in	this	study.

According	 to	 Figure  11,	 the	 pressurized	 sweat	 fluid	
can	flow	pass	through	in	both	opened	to	air	and	in	the	
presence	 of	 PDMS	 cube	 cases.	 In	 contrast,	 the	 self-	
clogging	phenomenon	was	observed	 in	 the	presence	of	
propylene	 glycol.	The	 plug	 formed	 was	 reported	 to	 ob-
struct	the	sweat	flow	for	over	an	hour.	However,	it	was	
also	reported	that	sweat	flow	can	be	stopped	(but	no	gel-	
like	material	being	formed)	without	the	presence	of	pro-
pylene	glycol	when	the	back	pressure	is	decreased	below	
1.725	kPa	due	to	the	capillary	resistance	of	a	small	diam-
eter	glass	tube.

The	 findings	 of	 this	 research	 indicate	 that	 self-	
clogging	 of	 eccrine	 sweat	 fluid	 can	 result	 in	 a	 gel-	plug	
similar	to	that	created	by	the	use	of	traditional	alumin-
ium	salt	antiperspirants.	Additionally,	propylene	glycol	
is	non-	toxic,	 readily	available,	 and	has	 low-	cost	advan-
tages.	Nevertheless,	 it	 is	 important	 to	note	 that	 further	
in	 vivo	 investigations	 are	 needed,	 not	 only	 to	 evaluate	
the	effectiveness	of	the	hygroscopic	materials,	but	also	to	
determine	the	ease	and	the	comfort	level	of	using	them	
as	antiperspirant	sheet.

CHALLENGES IN DEVELOPING 
ALTERNATIVE DEODORANT 
AND ANTIPERSPIRANT ACTIVE 
INGREDIENTS

The	vast	majority	of	the	research	on	developing	an	alterna-
tive	body	odour	reduction	treatment	are	focusing	on	deo-
dorant's	mechanism	of	action	rather	than	antiperspirants.	
Although	plant	extracts	and	essential	oils	can	both	take	ac-
tion	as	antimicrobial	agents	and	provide	a	pleasing	smell,	
those	ingredients	might	not	be	suitable	for	individuals	with	
strong	 body	 odour	 or	 hyperhidrosis	 patients.	 Moreover,	
the	use	of	plant	extracts	and	essential	oils	in	deodorant	or	
antiperspirant	products	might	be	limited	by	their	country/
region	of	origin	and	their	availability.	While	the	novel	deo-
dorizing	agents	presented	in	this	review	article	have	shown	
excellent	antimicrobial	activity	towards	human	natural	mi-
croflora,	it	is	crucial	for	those	ingredients	to	be	compared	
to	 commercially	 available	 product	 and	 be	 subjected	 to	 a	
sensory	 assessment	 as	 the	 one	 of	 the	 aims	 of	 deodorants	
and	antiperspirants	products	is	to	reduce	the	axilla	odour	
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intensity.	In	addition	to	antimicrobial	activity	and	sensory	
assessments,	 patch	 testing	 is	 also	 highly	 encouraged.	 It	
should	be	noted	that	a	large-	scale	production	of	deodorant	
with	plant	extracts	or	essential	oils	can	be	a	challenging	and	
costly	 process.	 Extraction	 processes	 often	 require	 a	 large	
volume	of	solvent	and	long	extraction	time.	Lastly,	the	gen-
eral	concerns	of	most	antimicrobials	are	that	they	can	lead	
to	resistant	bacterial	 strains	being	developed,	making	 the	
product	less	effective	over	time.

CHALLENGES IN DEVELOPING 
TESTING METHODS FOR 
ANTIPERSPIRANT PRODUCTS

In	terms	of	antiperspirant	testing	methods,	 there	should	
be	a	guideline	 to	conduct	an	 in	vivo	sensory	assessment	
to	make	the	results	from	different	laboratories	compara-
ble	 to	each	other.	For	 instance,	a	set	 temperature	of	 the	
hot	room	laboratory,	a	defined	activity	for	the	test	subject	
to	conduct	in	order	to	induce	sweat,	and	the	time	period	
where	the	trained	sniffer	sniffing	at	the	test	subject's	axilla.	
Additionally,	the	majority	of	existing	testing	methods	for	
antiperspirant	actives	are	relying	on	their	ability	to	reduce	
the	foul	body	odour	or	the	amount	of	perspiration	at	the	
axilla.	However,	a	platform	 to	develop	a	more	 thorough	
understanding	and	to	observe	the	aluminium	salt's	mech-
anism	 of	 action	 is	 not	 widely	 reported	 in	 the	 literature.	
Therefore,	developing	a	device	similar	to	the	microfluidic	
device	reported	by	Bretagne	et	al.	[57]	might	be	helpful	as	
a	screening	device	for	finding	a	new	antiperspirant	agent.

Nevertheless,	there	are	certain	aspects	of	the	microfluidic	
device	to	be	improved	in	order	to	better	mimic	human	sweat	
glands	at	the	axilla.	The	first	aspect	is	the	operating	condi-
tion	of	the	device,	as	the	human's	axilla	is	a	warm	and	moist	
body	part	[75].	Secondly,	the	channel	of	the	microfluidic	de-
vice	 is	made	up	of	 synthetic	materials,	unlike	 the	human	
sweat	 duct	 where	 epithelial	 cells	 and	 various	 proteins	 are	
present	 [76].	 Coating	 the	 inner	 channel	 with	 proteins	 or	

addition	 of	 components	 found	 in	 the	 human	 sweat	 duct	
could	 potentially	 affect	 the	 in-	situ	 gelation	 phenomenon.	
Lastly,	a	human	sweat	duct	has	an	irregular	shape,	and	the	
diameter	of	the	duct	might	be	inconsistent	[77].	Therefore,	it	
is	crucial	to	keep	these	features	in	mind	while	designing	the	
testing	device.	Further	study	on	developing	a	rapid	screen-
ing	 method	 is	 necessary	 and	 incorporating	 biological	 ele-
ments	into	the	method	is	highly	encouraged.

To	our	knowledge,	there	have	been	no	reported	in-	vivo	
studies	on	the	gel	plug	formation	of	antiperspirant	actives.	
Nor	have	been	reported	studies	on	the	dose–	response	ki-
netics	of	gel	plug	 formation	and	eventual	 removal	as	af-
fected	by	formulation	property	and	sweat	flow	conditions.	
The	efficacy	and	hence	the	formulation	design	of	deodor-
ants	and	antiperspirants	products	is	mostly	via	empirical	
hot	 room	 studies.	 Many	 fundamental	 questions	 remain	
unanswered.	 For	 instance,	 what	 concentration	 of	 alu-
minium	salts	 is	delivered	to	sweat	pores	and	what	 is	 the	
minimal	concentration	required	in	sweat	pores	to	form	gel	
plug?	How	is	the	eventual	removal	of	gel	plug	affected	by	
sweat	 flow	and	other	 formulation	 factors?	Can	other	ge-
lation	 technologies	be	exploited	 to	deliver	antiperspirant	
benefits	and	how?

CONCLUSION

In	 modern	 society,	 human	 body	 odour	 may	 perceive	
as	a	 sign	of	poor	hygiene	and	affect	an	 individual's	 self-	
confidence	level.	Topical	deodorants	and	antiperspirants	
are	 common	 approaches	 to	 target	 foul-	smelling	 body	
odour.	However,	the	success	of	those	products	is	relying	
on	active	ingredients	that	have	been	introduced	more	than	
50	years	ago.	In	this	article,	the	investigation	of	the	use	of	
bacterial	 extracts,	 plant	 extracts,	 essential	 oils,	 and	 syn-
thetic	compounds	as	alternatives	to	conventional	deodor-
ant	and	antiperspirant	active	ingredients	is	summarized.	
The	alternatives	present	 in	this	article	may	have	the	po-
tential	to	be	incorporated	into	a	deodorant	formulation	in	

F I G U R E  1 1  Schematic	representations	and	microscopic	images	obtained	during	the	experiment	when	(a)	the	end	of	the	glass	tube	
was	freely	opened	to	air,	(b)	a	dry	PDMS	cube	was	placed	closed	to	the	end	of	the	tube,	and	(c)	a	propylene	glycol-	infused	PDMS	cube	was	
placed.	Adapted	from	Reference	[75].
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the	future	but	further	investigation,	especially	comparing	
these	alternatives	with	existing	formulations	is	required.

SUMMARY

Sweating	undoubtedly	has	a	critical	role	in	regulating	the	
body	core	temperature.	However,	sweating	also	results	in	
body	odour	which	may	perceive	as	a	sign	of	poor	hygiene	
and	 affect	 an	 individual's	 self-	confidence	 level.	 To	 over-
come	the	offensive	odour,	topical	deodorants	and	antiper-
spirants	are	used.	Although	both	products	are	considered	
to	be	the	key	sector	in	the	personal	care	product	industry,	
there	is	limited	literature	available	on	this	topic.	The	cur-
rent	progress	on	deodorant	and	antiperspirant	research	is	
summarized	in	this	review	article.

Over	the	recent	years,	consumers	have	shown	a	grow-
ing	interested	in	purchasing	personal	care	products	with	
naturally	derived	ingredients.	In	this	review	article,	a	new	
class	of	deodorant	active	ingredients,	 including	essential	
oils,	 deodorizing	 fabric,	 plant,	 and	 bacterial	 extracts	 are	
present.	 Initially,	 the	efficiency	of	deodorant	products	 is	
identified	 by	 in	 vitro	 approaches	 to	 obtain	 ZOI	 or	 MIC.	
However,	for	the	recent	studies,	a	gas	chamber	is	utilized	
for	this	purpose.	This	involves	an	analytical	procedure	that	
is	readily	available	 in	most	research	laboratories	such	as	
gas	chromatography	to	identify	the	reduction	in	malodour	
gas	concentration	after	a	deodorant	product	is	introduced.	
Additionally,	 gas	 chromatography	 allows	 quantitative	
analysis.	Therefore,	the	chemical	composition	of	human	
body	odour	can	be	identified.

For	antiperspirant	products,	their	mechanism	of	action	
is	based	on	the	gel	plug	phenomenon	of	aluminium	salts.	
The	 use	 of	 aluminium	 salts	 has	 been	 introduced	 since	
1916,	since	then,	the	formulation	has	developed	to	be	less	
acid,	 less	 fabric	 staining,	 and	 less	 irritated	 to	 the	 skin.	
To	our	knowledge,	there	is	a	limited	amount	of	research	
on	 finding	 alternative	 antiperspirant	 actives.	 This	 could	
potentially	 be	 due	 to	 the	 lack	 of	 appropriate	 screening	
methodology	 for	 such	 ingredients.	 Most	 methodologies	
used	to	identify	antiperspirant's	efficiency	are	relying	on	
human	volunteer	study	which	can	be	time	consuming	and	
costly	process.	There	are	several	attempts	to	create	a	quick	
screening	platform	for	new	antiperspirant	actives	such	as	
the	 turbidity	 measurement	 (Yuan	 et	 al.	 2015)	 and	 a	 mi-
crofluidic	device	(Bretagne	et	al.	2017).	Nevertheless,	the	
biological	 components	and	complex	 structure	of	human	
sweat	glands	are	still	missing	in	these	platforms.
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