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Abstract

During use, textile items can develop unpleasant odors that arise from many different sources, both internal and external

to the human body. Laundering is not always effective at removing odors, with odor potentially building up over time due

to incomplete removal of soils and odorous compounds and/or malodors transferred during the laundering process.

Textile odor can lead to consumer dissatisfaction, particularly as there are high expectations that clothing and textile

products meet multiple aesthetic and functional needs. The problem of odor in textiles is complex and multi-faceted,

with odorous volatile compounds, microorganisms, and precursors to odor, such as sweat, being transferred to, and

retained by, fabrics. This article reviews the literature that specifically relates to odor within textiles. Methods for

evaluating odor in textiles, including methods for collecting odor on textile substrates, as well as sensory and instru-

mental methods of odor detection, were reviewed. Literature that examined differences among fabrics that varied by

fabric properties were reviewed. As well, the effectiveness of specific odor controlling finishing technologies to control

malodor within textiles was also examined.
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Clothing and interior textiles are typically selected
in order to fulfill specific functional or aesthetic
needs. Sensory attributes that relate to appearance
(e.g. color, luster, design) or fabric handle properties
(e.g. texture, stiffness, resiliency) are important when
consumers make purchasing decisions. But with
use, the build-up and release of odor may become an
undesirable feature of some textile items, resulting in
consumer dissatisfaction. Odor which can become pro-
blematic due to its adherence and persistence within
textiles can come from many different sources, both
internal and external to the human body. Sources of
odor that arise from the human body are secretions
from the sweat glands, urine, feces, skin, and genitals.
The main physiological contributors to body odor are
from eccrine and apocrine sweat glands located in the
axillary region, sternum, anogenital area, scalp, feet,
and hands.1 Secretions from sebaceous glands, found
in many of these same areas, also contribute to odor.
Ingesting foods such as garlic and onions, as well as
alcohol and some therapeutic drugs, can strengthen

the odor produced by the body.1,2 Sources of malodor
which are external to the body arise from many indoor
and outdoor exposures, such as cigarettes, campfires,
cooking, mildew and mold, and odorous products pre-
sent in various workplaces (e.g. grease, pesticides, ani-
mals).3 Laundering may remove malodors, often
replacing them with fresh and fragrant odors present
in detergent and laundry auxiliaries. However, the laun-
dering process can become another source of textile
malodor. Laundry malodor may result from the trans-
fer of odorous compounds from the washing machine
to textiles during washing,4 transfer of microorganisms
from the washing machine to the textile,5,6 incomplete
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removal of soils resulting in a build-up over time,4,7 or
slow-drying.8,9

Although all these sources of odor can be unpleasant
when transferred to and detected within textiles, sweat-
related body odor has been reported to be the most
common type of odor detected in clothing.10 In fact,
odor emanating from the axillary region has been
described as the most ‘‘powerful and distinctive’’ of
body odors,11 which has led to much attention being
placed on identifying microorganisms responsible
for odor, their metabolic pathways, and odorous vola-
tiles.12–16 Reviews that address the chemical composi-
tion of key odorous volatiles released from the human
axillary region,11 volatiles released from human
skin,17,18 laundry-related malodor,11 and malodors pre-
sent in the domestic indoor environment3 have been
conducted. Yet a thorough review specifically relating
to odor on textiles has not.

The unique problem of odor within textiles is highly
complex and multifaceted. Odorants are volatile com-
pounds perceived by the olfactory organ and therefore,
by nature, are present in the ambient environment as
gaseous compounds where they can be sorbed by fibers
and subsequently released. Many problematic odors are
caused by the biotransformation of non-odorous com-
pounds (i.e. odor precursors) by specific microorgan-
isms, as is the case with most odors arising from the
human body18 or due to prolonged dampness.8,19

Odorants or precursors to odor can transfer to textiles
through aqueous liquid media such as sweat or laundry
water where the hydrophilic nature of the textile can
influence odor sorption. Particulate matter in the air or
from direct contact with another substrate could
become another route for the transfer of odor as par-
ticles are trapped by the fibers within the textile struc-
ture. Furthermore, temperature, humidity, and airflow
may all impact odor production, as well as retention
and release of odorants.

The purpose of this review is to examine the litera-
ture on odor within textiles. This review is divided into
three parts. First, it examines methods for collecting
odor as well as methods for detecting odor. Second,
it reviews the literature on differences among fabrics
varying by inherent fabric properties but not specifi-
cally odor controlling finishes (e.g. fiber type, fabric
structure). Finally, textile finishing technologies that
have been used to control malodor within textiles will
be identified. The review will be limited to reusable
textiles that are designed to be used multiple times,
such as clothing and household textiles, and not
single-use, disposable items which may be used as an
odor control substance for limited time periods (e.g.
bandages to control wound odor). Not all odor sources
are unpleasant, and imparting desirable odors to a tex-
tile may be beneficial. However, fragrances mask

unpleasant odors rather than controlling them so they
are also outside the scope of this review (fragrances
and polymers for storing them have been reviewed
elsewhere20). Nonetheless, methods for evaluating
odor reduction of single-use textile items or fragranced
textiles may still be included. Removal of odor from
textiles via laundering or other refurbishment techni-
ques, or addition of odor absorbing chemicals applied
topically to textiles by the consumer, are also outside
the scope of this review.

Evaluating odor on textiles

In evaluating odor on textiles, both the collection and
detection of odor are important. That is, how different
types of odors are trapped, generated, or collected on a
textile substrate will influence the prediction of how
effective an odor controlling textile will be under real
use circumstances. A method that effectively collects
odorants on a textile is as important as the method to
detect the odorant.

Collection of odor on textiles

The most representative method for collecting body
odors in fabrics is through human wear trials, as this
is how odor would be transferred to a fabric in real life.
Simple methods for collecting odor include sewing or
pinning fabric swatches into T-shirts,7,21,22 taping tex-
tile pads to the axillary vault,23,24 wiping the axillary
vault and/or other parts of the body with a textile
swatch following excessive sweating.7,25 Bisymmetrical
T-shirts with a different fabric on each side of the body
have been used when multiple wear and wash cycles
were needed for odor to develop over time.26,27 Sweat
(predominantly eccrine) was obtained by sewing fabrics
to gym mats during circuit training where multiple par-
ticipants contributed to overall odor.28 Collection of
axillary and upper body sweat was obtained from sam-
pling the whole T-shirt worn by participants after one
hour of bicycling spinning exercise.29 And in research
related to laundry malodor, researchers collected used
towels and clothing from a number of different
households.30

Human wear trials can be limited by high inter- and
intra-individual variability of odor emitted from human
subjects.31 This variability can result in it being difficult
to compare the results obtained from an odor control-
ling textile in one session against another, unless suita-
ble controls are set in place. Klepp et al.,28 addressed
some of these issues by rotating the position of multiple
fabrics that were used by many different people during
circuit training. McQueen et al.32 grouped fabrics with
axillary sweat and odor on them by fiber type and
fabric structure, with each test sample consisting of
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fabrics worn by four to five different participants.
However, the authors posited that a fabric worn
by a participant who had strong odor may override
the intensity of lower odor participants, thereby not
addressing the problem of high inter-individual varia-
tion. Furthermore, it may often only be feasible to
directly compare two fabrics at one time (one fabric
swatch per axilla). Therefore, human wear trials,
although realistic and representative of how odor is
generated and transferred to fabrics, are time-consum-
ing and can lack repeatability.

To counter many of these issues developing in vitro,
or lab-based, methods may be done. However, in vitro
trials for replicating how odor may develop on fabrics
are lacking. Chung and Seok33 inoculated cotton fab-
rics with triolein as the representative sebum-like soil
and Staphylococcus epidermidis as the representative
organism. They detected an increase in volatiles such
as alcohols and one ketone (2-heptanone) after 168 h
of incubation, which indicated some metabolism of
the triolein soil by S. epidermidis. In an earlier study,
Obendorf and colleagues34 measured the presence of
5a-androst-2-en-17-one after inoculating antimicro-
bial-treated and control polyester fabrics with
Corynebacterium striatum and androsterone sulfate.
However, in both studies, no accompanying sensory
detection was carried out to determine whether the pre-
sence of compounds corresponded to perceptible odor.

Instead of incubation of microorganisms on fabrics
with precursors, the ISO test method 17299 evaluates
the sorption of key odorants that are used to represent
toilet odor (ammonia), sweat odor (ammonia, acetic
acid, isovaleric acid), body odor (ammonia, acetic
acid, isovaleric acid, nonenal) and excrement odor
(ammonia, acetic acid, hydrogen sulfide, methyl mer-
captan, and indole).35 Odorants are presented sepa-
rately in a gaseous form, with a textile substrate
present as well as absent, and an odor reduction rate
is calculated. The test method was developed in order
to standardize the evaluation of odor controlling tech-
nologies on textiles using instruments rather than
human assessors. To date, there are few published
papers employing the ISO method.36–39 Lee et al.36,37

used the gas detector method to evaluate the deodoriz-
ing properties of natural dyes and mordants used on
cotton, silk, and wool fabrics with ammonia and acetic
acid as challenge odorants. No correlation of odor
reduction rates with sensory panels was conducted.
Whereas, Abdul-Bari et al.38 used the gas chromatogra-
phy method with 2-nonenal and isovaleric acid when
evaluating differences in odor retention of nylon and
polyester fabrics and found that, although nylon had
a higher odor reduction rate than polyester, there were
no significant differences among the fabrics in odor
following wear next to the axillary region as assessed

by a sensory panel. Therefore, there is still a need for
an in vitro method which represents the mechanisms
for odor development and transfer from an ‘‘artificial
skin’’ to the textile substrate. Factors such as moisture,
odorous compounds, odor precursors, bacteria, and
mechanical action must all be considered. As well, hun-
dreds of compounds may make up an odor that arises
from a particular source. One or more volatiles may be
characteristic of a particular odor source, but these
volatiles alone may still not be as realistic as the overall
mixture.40 Therefore, selection of only one or two com-
pounds to assess odor reduction of textiles treated with
odor control technologies may be insufficient, due to
the vast array of compounds that make up any specific
odorous source (e.g. axilla, foot odor).

Detecting odor on textiles

As odor is detected through the sense of smell, the use
of human assessors in sensory evaluation for detecting
odors in textiles is appropriate. Sensory evaluation is a
scientific discipline used to evoke, measure, analyze,
and interpret reactions to those characteristics of pro-
ducts as they are perceived by the senses of sight, smell,
taste, touch, and hearing.41 In textile testing, sensory
evaluation would more typically be applied to sensa-
tions of sight (e.g. color, wrinkling) or touch (e.g.
fabric handle properties). However, sensory evaluation
detecting the presence and quality and/or intensity of
odorants is widely applied in food, beverages, and cos-
metic industries (e.g. references 42–44). An alternative
approach to detecting odors is through instrumental
means of analysis such as chemical and/or electronic
sensors to determine the types and concentrations of
odorous volatiles in the air or textile substrate.

Sensory measurement. The human nose is a highly sensi-
tive measuring tool. Essentially, it is because the human
nose detects odor that the presence of odor within
clothing becomes a problem. Many challenges arise
from using humans in the detection of odor, such as
natural human variation in sensitivity to odorants,
ensuring reliability and repeatability of human asses-
sors, and their ability to use scales to rate odor intensity
and quality. Nevertheless, selecting assessors for a sen-
sory panel who have been screened for odor acuity
followed by training can result in consistent individual
responses.45 The ASTM E1207-09 test method specifies
methods for how to screen and select assessors for a
sensory panel for determining axillary deodorancy
(as well as selection of odor-producing participants).46

Assessors are first screened for odor sensitivity against
isovaleric acid then, if they pass, for specific anosmia
(odor blindness) to a number of compounds which may
be present in human sweat (e.g. androstenone,
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androstenol, methyl ionone family and synthetic
and natural musks). Key odorants which have been
identified as the main contributors to typical axillary
odor (i.e. 3-methyl-2-hexenoic acid, 3-hydroxy-3-
methylhexanoic acid, 3-methyl-3-sulfanylhexan-1-ol)
are not specifically mentioned but could also be
included within the test procedure.

The main advantage of using human assessors
as odor detectors is that odor thresholds of many com-
pounds present in human sweat are extremely low
and can be difficult to detect through instrumental tech-
niques.15,19,47 The other advantage is that many textile-
related odors, such as axillary odor, are made up of a
complex array of odorants and the human sensor can
capture the whole ‘‘bouquet’’ rating odor intensity as a
single rating.32 Although, it may also be possible in
highly trained sensory panels to describe odor quality
and offer more descriptive analysis of odor notes.12

Furthermore, the non-odorous volatiles which can
complicate the volatile profile gathered by instrumental
means are ignored in sensory analysis.

Sensory measurement can be affected by the context
in which an odor source is assessed, making it difficult
to view ratings as absolute or to compare ratings across
different times, sessions, or settings.48 The actual sensa-
tion itself may change due to adaptation where the
perception of one odor is perceived weaker because of
the immediately preceding odor. Selection of sensory
test methods must be appropriate for the research
objectives. Order of presentation, visual differences
among test samples, and sample labeling should be pre-
pared in such a way to avoid potential biases.
Furthermore, limiting the number of samples and
allowing sufficient time in between sniffing test samples
should be done to reduce adaptation effects and/or
sensory fatigue. The environment where sensory assess-
ment is conducted should also be controlled, being
odor-free as well as free of other distractions (e.g. fluc-
tuating temperature, conversations, movement of
others).45

There are several discrimination and scaling tests
that are available to the sensory scientist, many of
which have been applied directly to evaluating odor
within textiles.26,28,29,32 Discrimination test methods
should be used when the objective is to determine
whether there is a perceptible difference between two
samples. Scaling test methods are used to show
whether there are differences among samples, with
the degree of these differences also indicated.48 Based
on discrimination testing, odor thresholds can be mea-
sured using a 3-alternative forced choice method uti-
lizing olfactometers where sniffing occurs in three
presentations. One will contain the odorant diluted
with air, and the other two blanks of air.49

Determining the odor threshold of an odor source

can indicate its odor impact. Olfactometers have
been used in determining the intensity of isovaleric
acid applied to wool, cotton, and polyester fabrics
with and without a cyclodextrin treatment50 and in
the comparison of wet and dry polyester/wool pants
that differed in color.49

The paired comparison is one of the simplest discri-
mination tests that involves directly comparing two
samples to one another and is useful when small differ-
ences between samples are required. Paired comparison
tests have been applied in the evaluation of odor con-
trolling technologies in non-woven fabric51 as well as to
odor absorbent technologies that may be used in sani-
tary products.52,53 Although it has been used less widely
in research on odor emitted from clothing. McQueen
et al.,32 used quad analysis which is a method based on
a series of paired-comparisons resulting in a ranked
order of samples. The quad analysis test procedure,54

while more efficient than the traditional paired compar-
ison approach, was still deemed to be more time-
consuming than a line scaling procedure that was also
conducted with the same type of worn fabric samples.32

The advantages of a scaling procedure such as a line
scale compared with paired comparison is that the
magnitude of the difference among fabrics can be mea-
sured. McQueen et al.,32 argued that an odor control
technology should make a large enough difference from
a control fabric that very small differences detectable
through a discrimination test method do not provide
additional benefit. Scaling methods, such as category
scales or line scales, have been more commonly
employed by researchers evaluating differences in
odor attributes among fabrics that vary in fiber con-
tent8,21,26,29 or evaluating the effectiveness of an odor
controlling technology.28,55,56

Guidelines for recruiting, selecting, and training
assessors for a sensory panel are outlined in ISO
8586.57 The minimum number of assessors recom-
mended for a sensory panel is 10, but depending on
the sensory test, whether the results need to be inter-
preted statistically, and the level of sensitivity required,
the number of assessors is typically larger. Larger
panels increase the likelihood of detecting small differ-
ences among samples.58,59 Considerations for the selec-
tion of assessors include ability to perform the sensory
tasks required, availability to attend panels, willingness
and interest to be involved on a sensory panel, and
being in good health.45 Assessors range in experience,
acuity, and training.45 Naive assessors are those who do
not meet any particular criterion and initiated assessors
are those who have already taken part in sensory
tests.45 Both naive and initiated assessors are common
on consumer panels, particularly in food science, where
the wide and varied perception of consumers is desired
to better predict the performance of a product in the
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market.60 Consumer panels have not been common in
textile odor research; however, naive and/or initiated
assessors have been used as a specific criterion in
selecting assessors and subsequent training has not
been carried out.28,32,61 Selected assessors are those
who have been specifically chosen and trained for a
particular sensory test.45 Selected assessors were used
to detect axillary odor following multiple wear and
wash cycles among cotton and polyester fabrics,26 dif-
ferences among worn polyester and nylon fabrics,38 and
worn antimicrobial-treated cotton and polyester fab-
rics.56 To date, most of the research involving sensory
analysis on odor released from textiles has screened or
selected assessors based on some predetermined cri-
teria, such as odor acuity to specific odorants 29 or
showing good reliability and discrimination in earlier
work,21 but have provided no training prior to the sen-
sory panels. Expert assessors are those who have been
selected and trained for many sensory trials and exhibit
high acuity and discrimination in sensory panels.45 In
determining the bacteria responsible for laundry malo-
dor, three expert assessors were used.30

Instrumental analysis. Measurement of odorant structure
and concentration is possible through chemical analy-
tical techniques. The most common technique used
for quantifying odorous volatiles retained within, or
released from, textile substrates is gas chromatography
(GC) coupled with different detectors (e.g. mass spec-
trometry [MS], flame ionization detection [FID]). For
the separation and quantification of complex mixtures
collected from human participants, GC-MS is more
commonly employed as it facilitates the identification
of the individual compounds in these mixtures.62 Before
chemical analysis can be conducted, it is necessary to
extract volatile compounds first, which may involve
either extracting the compounds retained within the
textile substrate (e.g. reference 8) or collecting com-
pounds from the headspace above the textile (e.g. refer-
ence 22). Extracting compounds from the textile
substrate typically involves a multi-stage process of
extraction and clean-up before compounds are ana-
lyzed, whereas headspace extraction does not.

Analysis of the headspace is more applicable to how
the human nose detects odor, that is, as gaseous com-
pounds in the environment. Yet, directly extracting
compounds from the textile can be advantageous due
to the extremely low odor thresholds of some key com-
pounds (e.g. parts per trillion 14) that results in them
being difficult to detect in the headspace using available
analytical tools. Direct extraction of compounds col-
lected on textile fabrics (usually cotton) has been
common in studies where skin volatiles were collected
with the intent of examining differences in volatile pro-
files among people or groups of people or in the

identification of key body odorants.15,16,47,63

However, direct extraction could be inappropriate
when evaluating different fiber types or odor control-
ling technologies, as odor sorption can be a key method
for odor control (e.g. activated charcoal cloth). Far
greater quantities of compounds could be extracted
from a highly sorbent textile effective at controlling
odor compared with a non-sorbent textile which is per-
ceived to be odorous. On its own, directly extracting
compounds from textiles may lead to erroneous results.
Therefore, including sensory evaluation or additional
headspace sampling may be necessary.

Methods for sampling volatiles in the headspace
can vary and are classified as static headspace sampling
(SHS), dynamic headspace sampling (DHS), and solid-
phase microextraction (SPME)-headspace sam-
pling.64,65 For SHS, the simplest and cheapest approach
is where an aliquot of air above a material is collected
using a gas-tight syringe. But the most common SHS
is a transfer line-based system where aliquots of
headspace volatiles are directly transferred from a pres-
surized vial to the gas chromatograph via a capillary
transfer line.66 When conducted at ambient conditions,
SHS extraction can best reflect the headspace vola-
tiles.67 Soiled and washed socks and T-shirts were
analyzed using SHS to determine foot and axillary
odors in laundry malodor.4 In determining the odor
reduction rate, SHS is used to sample volatiles from a
vessel containing a specific odorant with and without a
fabric specimen.68 Yet, due to low odor yields of many
important odorants, detection of compounds with SHS
can be difficult,64 so it is recommended that SHS be
used when the concentration of compounds are in the
high parts per billion.65 Concentrating and trapping
volatiles using dynamic headspace purge and trap
methods may be desirable.64 DHS purge and trap
involves an inert gas being continuously passed over
the headspace of the sample to then be trapped by a
sorbent for later analysis, which achieves a more
exhaustive extraction of volatiles.66 SPME involves
sampling headspace volatiles by a coated fused-silica
fiber contained within a syringe needle, where the
fiber is extended into a headspace vial for volatile
extraction and again for desorption into a gas chroma-
tograph.66 Headspace sampling using SPME is useful
compared with other sampling methods since SPME
can be more sensitive and most volatiles present in
the headspace are easily extracted.67 Nevertheless, it is
still important to consider the limitations of the SPME
fiber, such as the selectivity of the SPME fiber which
may result in a higher affinity for non-polar com-
pounds; competition for adsorption to the SPME
fiber when there are unequal concentrations of volatiles
and one compound saturates the fiber; and since
SPME is not exhaustive, it is not possible to quantify
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compounds in a complex mixture.67 Carboxen-
polydimethylsiloxane SPME fibers have been used in
the extraction of volatiles from scoured and unscoured
sheep wool.69 Skin odors transferred to fabrics from the
human axillae26,70 and hands71 have been extracted
with divinylbenzene/carboxen/polydimethylsiloxane
coated fibers.

A major advantage of GC-MS techniques is that
a complex array of compounds can be detected and
identified, which makes them appropriate to use when
analyzing odor samples collected during wear trials.
However, as many volatiles may be odorless or have
extremely low odor thresholds, they may not be impor-
tant in odor. GC-MS has been used to compare the
chemical profile of body odorants generated within
cotton fabrics that had been treated with a plant extract
that reportedly had antimicrobial properties compared
to an untreated cotton control.72 Differences were
found among the treated and non-treated fabrics
in mass spectra,72 although no information was pro-
vided about the sampling procedure used to extract
volatiles. Volatiles extracted from cotton and polyester
fabrics using SPME were analyzed by comprehensive
two-dimensional gas chromatography (GC�GC) with
time-of-flight mass spectrometry (TOF-MS).26,27 Two-
dimensionality overcomes the problem of peak overlap
that can occur in one-dimensional chromatograms of
complex mixtures.73 Between 1000 to 2000 individual
compounds were detected, and through advanced che-
mometric analyses, fabric samples could be clustered by
their chemical profile with differentiation between
unwashed/washed fabrics, fiber type, and gender of
participant.27 Although, not all volatiles would have
been odorous.

Coupling gas chromatographic techniques with olfac-
tometry (GC-O) is an important technique enabling odor
active compounds to be identified within a substrate as
well as their relative importance to the overall odor
profile.74 When combined with mass spectrometry, the
perceived odor compounds can be identified through
their mass spectra. GC-O has been applied successfully
for many years, particularly within food and beverages
(e.g. references 75–77), but also in the identification of
key body odorants, including those sorbed by fab-
rics,7,8,16 and compounds responsible for laundry malo-
dor.7,19,78 As GC-O relies on detection by a human
assessor, many of the same issues that apply among sen-
sory panels apply to GC-O. For example, odor thresh-
olds can vary significantly among individuals, with some
people exhibiting specific anosmia to some odorants.74

Instruments which make use of chemical ionization
allow for real-time analysis without the need for exten-
sive preconditioning or complex extraction techni-
ques.79 Unlike electron impact ionization,
fragmentation of organic molecules does not occur

with chemical ionization. Proton transfer reaction
mass spectrometry (PTR-MS),80 selected ion flow
tube mass spectrometry (SIFT-MS),81 and ion mobility
spectrometry (IMS)82 are examples of chemical ioniza-
tion. Chemical ionization techniques may be preferable
when identification of specific volatiles within a mixture
of gases is required. Carboxylic acids present in axillary
odors were detected using PTR-MS through direct
headspace analysis of the axilla and through analysis
of worn fabric samples.22,83 The release of selected vola-
tiles from wool, cotton, and polyester fabrics was also
measured with PTR-MS.84,85

Detector tubes and electronic noses are other instru-
mental techniques that have been used in the evaluation
of deodorizing properties of textiles and comprise part
of the ISO 17299 test method.86,87 Electronic noses are
made up of an array of gas-sensitive semi-conductors
connected to an appropriate pattern-recognition system
that has the capability to detect complex odors. More
recently, the term electronic nose has been extended to
other gas detecting systems such as IMS, particularly
when it is portable.88 Electronic noses can have up to
40 sensors, each calibrated for a different chemical spe-
cificity, which when combined provide a measurement
pattern. The electronic nose relies on pattern recogni-
tion and therefore cannot identify unknown (or unex-
pected) compounds but is still considered an instrument
that comes close to mimicking the human olfactory
system.89 Electronic noses have been employed in
many areas such as the food industry, health and phar-
maceutical areas, industrial waste management, and
agricultural facilities (e.g. references 88 and 90–92).
Although not as common, they have also been applied
to detecting malodors and fragrances emitted from tex-
tiles.61,93–96 Eza et al.94 used a commercial electronic
nose with metal oxide gas sensors to determine the
reduction of onion odor by cotton and polyester fabrics
printed with activated charcoal. A single metal oxide
gas sensor was used to detect fragrances of jasmine and
thyme essential essences applied to wool, cotton, and
polyester fabrics.61 Cigarette, milk, and sweat odors
were distinguishable on wool, cotton, and polyester
fabrics by a special gradient gas sensor microarray of
metal oxide gas sensors.95

Gas detector tubes work as a chemical reaction
between a vaporous compound and a detecting liquid
or solid detecting reagent. The color within the detector
tube changes proportionally to the concentration of the
test compound.86 Detector tubes are simple and have
been historically used to detect hazardous gases in
the environment.97 Although they are useful in detect-
ing some odorous compounds they are limited as they
can only detect single compounds at a time and instead
may only provide a useful screening method for asses-
sing potential odor controlling technologies. Detector
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tubes have been applied to many textile and finishing
applications, such as examining the deodorizing prop-
erties of mordant-acid dyed wool and cotton fabrics to
ethyl mercaptan (ethanethiol);98,99 silver and titanium
dioxide treated polyester in the reduction of ammonia,
acetic acid, and trimethylamine;100 cotton, silk, and
wool fabrics dyed with plant extracts to ammonia and
acetic acid;36,101 and dimethyloldihydroxyethyleneurea/
acrylic acid cross-linked cotton fabrics post-treated
with metallic salts to ammonia.102

Radiotracer analysis, in the liquid scintillation
technique, relies on fluorescing of radioactive atoms
which typically use 14C or 3H tracers to radiolabel com-
pounds. In textile applications, liquid scintillation
counting has been used to evaluate the efficacy of laun-
dering to remove body oils,103 industrial contami-
nants,104 as well as in the analysis of oily soil aging
processes on fabrics.105 Liquid scintillation was used
to quantify the sweat odorant isovaleric acid
(14C-radiolabled) that remained on untreated and
b-cyclodextrin-treated wool, cotton, and polyester fab-
rics via an artificial skin model.50 An advantage of this
method is that the complex solvent extraction and
clean-up processes often required in direct extraction
methods are not needed as odor molecules are quanti-
fied in situ.

Odor retention and release in fabrics

The retention and release of odor in/from fabrics is
complex and multifaceted. Microorganisms are respon-
sible for many malodors, particularly those arising
from the human body, with studies showing that fiber
type can influence bacterial adherence and
growth.29,106,107 Control of microorganisms within tex-
tiles by way of antimicrobials can reduce secondary
production of odor (i.e. odor produced within the tex-
tile). Yet textiles also sorb (adsorb and absorb) odorous
compounds directly and release (desorb) them at vary-
ing rates. Adsorption is a surface phenomenon, whereas
absorption occurs when molecules enter the bulk or
volume of a substrate. In both phenomena, physical
or chemical interactions can occur. In physical adsorp-
tion, or physisorption, electrostatic forces hold the
adsorbed molecules onto the surface and the process
does not involve the formation of chemical bonds.
Adsorption of compounds using activated carbon and
zeolites involves physisorption. Likewise, in physical
absorption, non-reactive processes are involved where
molecules enter the volume of the substrate but no
chemical reaction occurs. In chemical adsorption, or
chemisorption, chemical bonds are formed at the sur-
face of the substrate, or within the substrate, as with
chemical absorption.108,109 It is not clear whether
absorption or adsorption of odor is the primary process

for how odor molecules adhere to textile fibers.
Adherence of odor molecules to textiles must involve
adsorption, as even when absorption occurs, molecules
must first be adsorbed.108 In many fiber/odorant inter-
actions, absorption also occurs and will depend on fiber
type, odor molecules, and the medium (liquid, vapor,
particulate) in which odor molecules are transferred to
the textile. Moisture has a plasticizing effect on hydro-
philic fibers and swells the fibers.110 Odor molecules
may be transported into the fiber interior with water,
where they become trapped when the fiber dries and/or
subsequently desorb. The term sorption captures both
adsorption and absorption phenomena and may be a
more appropriate term when referring to adherence of
odor molecules in textile fibers generally.

Effect of fiber type

Textile fibers inherently differ in chemistry and physical
structure, thereby influencing their susceptibility to
sorb moisture, soils, and other chemical compounds.
Generic fiber type has been shown to impact odor
intensity and quality following wearing of clothing
next to the skin.21,29 Clothing composed of natural
fibers are generally perceived to be less odorous follow-
ing wear than clothing made from synthetic fibers.111

However, it was not until the beginning of the 21st
century that research evaluating the effect of fiber on
odor retention began to emerge.8,21 The sorption and/
or release of chemical volatiles related to human body
odors for cotton, polyester, wool, and more recently,
also viscose and nylon have been examined directly
after contact with the human body7,22,26,38 or with
selected chemical compounds in vitro.71,84,112

Although laundering is used to remove soils and bad
odors, malodor can still continue to emanate from
laundered clothing, with both intensity and quality
influenced by fiber type.8 Over time, as clothing is
repeatedly worn and washed, there is incomplete
removal of soils via laundering, most notably in hydro-
phobic polyester fabrics, leading to perceptible odor
still emanating from freshly laundered fabrics.8,26,113

This is because the attraction of non-polar soils and
odorous compounds to oleophilic polyester fibers
plays a major role in the build-up and persistence of
odor on polyester clothing. In a study examining the
build-up of body odor in cotton and polyester jersey
knit fabrics (both with 5% spandex), stronger odor
intensity was perceived in polyester fabrics before as
well as after laundering.26 GC analysis of volatiles
also revealed that C4–C8 carboxylic acids were more
easily removed from cotton after laundering than
from polyester. Although only carboxylic acids were
identified by McQueen et al.,26 poorer removal of
other odorants from polyester, such as aldehydes, will
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also likely occur.8,113 In fact, Munk et al.7 stated that
ketones, esters, and in particular, aldehydes are major
contributors to the overall odor profile in washed fab-
rics. Whereas carboxylic acids, despite being a major
contributor to axillary malodor, may only play a
minor role in the odor profile of laundered clothing.7

Under some conditions, stronger malodor can be
released from cotton fabrics. A comparison of polyester
and cotton interlock knit fabrics contaminated with
sebum and axillary sweat, washed and then stored
wet, resulted in cotton fabrics being perceived as
more odorous than polyester fabrics when no addi-
tional biocide was added to the wash.8 The authors8

described the stronger malodor emitted from cotton
as likely to be associated with one compound, 3-methy-
lindole (skatole), which was highly odorous and only
present in the cotton samples. However, polyester
retained more odor impactful volatiles than cotton,
resulting in a more complex odor profile overall. With
the inclusion of a biocide as part of the wash process,
no difference in odor intensity between polyester and
cotton was perceived.8 These findings indicate that bac-
teria do play a major role in laundry-related malodors,
which is supported elsewhere, particularly for fabrics
composed of cellulosic fibers.30

Despite bacteria being responsible for the generation
of most body odors, the role bacteria play in how odor-
iferous a textile becomes after contact with the human
body is not completely clear. McQueen and collea-
gues21 compared merino wool, cotton, and polyester
knit fabrics in odor intensity and bacterial counts 1,
7, and 28 days after being worn next to the male axillae.
Merino wool fabrics were significantly less odorous
than cotton and polyester, and cotton was significantly
less odorous than polyester (consistent across all time
periods). Yet, surprisingly, bacteria persisted longer on
merino wool fabrics than on cotton and polyester over
the 28-day test period. Subsequent research indicated
bacterial metabolism was apparent in textiles as com-
pounds identified as short-chained carboxylic acids
increased on polyester fabrics but not on wool or
cotton despite polyester having lower bacterial popula-
tions after 7 days.22 In another study involving 26
participants wearing cotton, polyester, or cotton/
synthetic blend T-shirts, polyester garments were per-
ceived as more intense, as well as more sweaty, musty,
ammonia, and sour in terms of odor qualities.29

Micrococcus species were prevalent on polyester and
cotton/synthetic blended garments but not on 100%
cotton. Whereas, staphylococci were present on all gar-
ments regardless of fiber type, but specific species such
as Staphylococcus hominis were exclusively found on
100% cotton garments.29 These findings were in agree-
ment with earlier work by Teufel et al.106 who found
that following incubation with sweat samples

staphylococci grew on all their test fabrics (i.e. lyocell,
cotton, nylon, polyester, polypropylene) but with a
higher percentage of clones found on the two
cellulosic fabrics. Micrococcus species were present in
only one sweat sample, but the authors noted that
enrichment of micrococci occurred on polyester sam-
ples. Furthermore, two taxa otherwise low in the
native sweat samples (Bacillus and Pseudomonas spe-
cies) had a much higher proportion of growth on the
synthetic fibers compared to the cellulosic fibers.106

Bacterial species play a major role in odor production
and there appears to be selective growth of certain spe-
cies on materials differing by fiber type; however, the
chemical–physical interactions of odorants and precur-
sors to odor likely play a more significant role in odor
retention and release following wear next to the skin.

The sorption and release of selected odorous
compounds by different textile fabrics has been investi-
gated.84 Distinct profiles were evident by fiber type.
Cotton exhibited the lowest levels of sorption
followed by relatively faster rates of release of selected
compounds; polyester sorbed the highest amounts
of test compounds and had a high rate of desorption
of sulfur compounds; wool also sorbed high amounts of
compounds but had a slow relative release.84 The
authors discussed the findings in relation to the dipole
moments of selected compounds and sorption by polye-
ster, with benzaldehyde, which has a dipole moment of
1.11 D, being more completely sorbed by polyester and
subsequently showing low release, whereas compounds
with higher dipole moments (ranging from 1.53 D to
2.50 D) had lower amounts sorbed with higher rates of
release.84

Generally a negative association between odor inten-
sity and amount of isovaleric acid retained within the
fiber/fabric structure was found by Hammer and col-
leagues.50 Wool fabrics continued to hold onto greater
amounts of isovaleric acid while being perceptibly
less odorous than polyester fabrics that retained dra-
matically less isovaleric acid after 3 and 20 hours of
contact.50 The beneficial odor reduction properties of
wool have been recognized as contributing to lower
odor in polyester/wool blends, with 20% wool improv-
ing odor properties.112 Wool has a number of potential
binding sites within the fiber structure (e.g. polar,
acidic, and basic), which could result in a variety of
different odorous volatiles becoming sorbed and
trapped within the wool fiber, so not detected by the
human nose in the surrounding air. McQueen et al.,22

found that odor intensity was inversely related to
moisture regain, with hydrophobic polyester fabrics
exhibiting more intense odor and absorbent merino
wool fabrics exhibiting low odor. Hence, they postu-
lated that the sorption capacity of the fiber may predict
odor intensity. This finding led to a hypothesis that
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nylon, which has a moisture regain of around 4.5% at
20�C and 65% relative humidity would have lower
odor intensity following wear than polyester which
has a moisture regain of 0.4%. Despite nylon exhibiting
a higher odor reduction rate for 2-nonenal and isova-
leric acid and therefore being expected to have lower
overall odor, no differences in odor intensity were
apparent between the nylon and polyester fabrics fol-
lowing wear.38 Clearly more work needs to be done to
better understand the mechanisms of odor retention
and release from fabrics differing in fiber type.

Effect of other fabric properties on odor

Although fiber type has a major impact on odor inten-
sity following wear, small differences relater to fabric
structure have also been found.21 In the study by
McQueen et al.21 the thicker, heavier interlock and
1� 1 rib fabrics were perceived to be more odorous
than the thinner, lightweight single jersey polyester
fabrics.21 As both cotton and wool fabrics had low-
odor properties following wear, no difference was
perceivable among fabric structural differences.
However, it is possible that increasing the thickness
and surface area of a fabric made from fibers with
high odor sorption characteristics may further lower
odor, whereas a fabric from odor ‘‘emitting’’ fibers
may intensify odor.21

Odor emitted from textiles can be influenced by
color. Following customer complaints about a pair of
beige polyester/wool pants that were deemed unplea-
santly odorous when wet, pairs of wet and dry beige,
navy, and charcoal pants were assessed by a panel of
expert assessors.49 No differences were found among
the pants when dry; however, when wet, the beige
polyester/wool pants had far higher odor threshold
values (500 compared to 30 for navy and 150 for char-
coal pants) and were perceived to be more ‘‘animal and
wet dog or fur like,’’ whereas the wet charcoal colored
pants had a higher proportion of fruity and floral
descriptors.49 Although, the reason for the high odor
of the beige pants was not explained, it may be possible
that the dyes used in the darker colors had deodorizing
effects which reduced the unpleasant odor commonly
emitted from wool when wet.69 In other studies,
researchers have found that mordants in dyeing can
have a deodorizing effect on fabrics, particularly
wool.98,99 This was the case for copper II sulfate ions,
where the Cu ions complex with the dissociated car-
boxyl groups in wool, as well as Congo Red dyes.98

Two deodorization effects on ethanethiol associated
with the copper ions were likely: first, that there was
an oxidative decomposition of the thiol, and second,
adsorption of the thiol to the copper ions.98 More
work on the effect of color on odor is needed.

Odor controlling technologies

Antimicrobials

As many problematic odors within textiles are a
result of the biotransformation of odor precursors by
microorganisms, then incorporating an antimicrobial
in a textile is viewed as one method for controlling
and/or preventing the development of odor. Common
antimicrobial agents used in textiles are silver, tricoslan,
polyhexamethylene biguanides (PHMB), and quatern-
ary ammonium compounds (QAC), which have been
extensively reviewed elsewhere.114,115 Antimicrobials
should inhibit the growth of, or kill microorganisms
within, the textile rather than influence the resident
skin microflora of the person wearing/using it. Hence,
the durability of the treatment is important as most
textiles where an antimicrobial for odor control may
be desired (e.g. underwear, sports clothing) would
require frequent laundering. Neither the leaching of
the antimicrobial onto the skin of the wearer nor into
the wash liquor to be subsequently released into the
environment is wanted. Therefore, complete control of
axillary odors will not be possible as the treated textile
may only control odor developing within the textile and
not at its source. Despite odor control being one pur-
ported benefit of an antimicrobial,116 there are surpris-
ingly few studies that have examined odor control of
antimicrobial treated textiles.34,37,56,117–120

Many standard test methods for evaluating the
antimicrobial activity of textile products against
selected bacterial strains exist and have been reviewed
elsewhere.114,121 Claims of odor control based solely
on the basis of such in vitro tests are not appropriate
as antimicrobial activity does not always indicate
odor reduction.56 Furthermore, antimicrobial activity
in vitro does not necessarily predict antimicrobial activ-
ity during use.122,123 Antimicrobial efficacy tests should,
therefore, be coupled with odor assessment, and prefer-
ably under realistic use scenarios. In one such study,
Mao and Murphy118 examined the odor controlling
properties of Tinosan AM 100, a triclosan based
antimicrobial. Twenty participants wore an untreated
and treated fabric (fiber content not reported) under
each axilla and assessed the odor emanating from the
fabrics after periods of wear and storage. Participants
reported to ‘‘prefer’’ the treated fabrics compared to
untreated fabrics in 90% of the total evaluations, and
reportedly the treated fabrics were perceived to be
‘‘fresher.’’ A 2–3 log reduction in S. aureus and
Klebsiella pneumoniae was found for the Tinosan AM
100 treated fabrics in vitro,118 although an examination
of bacterial counts from the wear trial was not also
carried out. In another wear trial, eight male partici-
pants wore polyester fabrics that had been treated with
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varying levels (1.25 and 2.50%) of a silver chloride anti-
microbial finish against the axillae.123 All treated fab-
rics were matched with an untreated polyester fabric
worn in the opposite axilla as the control. Sensory
assessment revealed that there were no perceptible dif-
ferences in odor intensity between any of the antimicro-
bial treated fabrics compared to the untreated fabrics.
Furthermore, the bacterial counts obtained from the
worn fabrics did not significantly differ, yet in vitro
tests confirmed that the treated fabrics did have anti-
microbial activity against S. aureus, K. pneumoniae, and
Corynebacterium species with >99% reduction.123

These findings highlight the problem with relying on
in vitro antimicrobial efficacy tests to predict odor con-
trol in textiles.

Combining an antimicrobial, to limit further growth
of microorganisms within a fabric, with another way to
control odor (e.g. an adsorbent) may be necessary
for effective odor control.124 Yet, some antimicrobials
may exhibit this dual-action function inherently.
For example, a silver ion–polymer complex antimicro-
bial that was applied to various cotton, polyester, and
nylon fabrics was shown to have this effect.117 Treated
fabrics exhibited a >99% reduction of Escherichia coli
and continued to do so even after 10 washes.
Furthermore, no isovaleric acid was detected on treated
textiles after inoculation with S. aureus and leucine, and
low odor scores were obtained from treated fabrics
incubated with milk. The silver ion–polymer complex
also exhibited lower odor scores following incubation
with milk than zinc pyrithione (ZP) and QAC treated
fabrics. The authors suggested that this may be due to
the lack of a dual-action odor adsorption property in
the ZP and QAC fabrics that was present in their silver
complex treatment.117 Deodorizing effects of metal
oxides have also been shown and are likely to be asso-
ciated with the dual-action of the antimicrobial and
adsorption properties of the metal oxide.120,125

This dual-action property was also noted in finishes
from plant extracts that have been used to reduce odor
within fabrics made from natural fibers.36,37,119 Lee and
colleagues investigated the antimicrobial properties of
fabrics dyed with immature pine cones37 and myrrh.36

In both studies, there was evidence that the dyes did
impart antimicrobial properties on the fabrics, but in
these studies, the reduction in odor was unrelated to
antimicrobial performance as the ISO test method
was used to measure deodorant properties which is
based on the fabrics’ ability to sorb odorants in the
ambient air.35

Despite some evidence that odor intensity can be
controlled through antimicrobials, the total elimination
of body odors, at least, may be more difficult to
achieve, and inherent fiber type likely plays a greater
role. In a study examining commercially available

sportswear clothing, a reduction in odor on polyester
fabrics incorporating odor control technologies (most
of them based on silver based antimicrobial properties)
was perceived by a sensory panel compared with non-
odor control polyester fabrics. Yet, the odor control
polyester fabrics were still perceptibly more odorous
than cotton and wool fabrics that did not have special
finishing treatments to control odor.28

Odor control through adsorption

Adsorption refers to the process where molecules of
two materials (the adsorbent and adsorbed) are
attached at the surface level without any penetration
occurring and may involve physisorption or chemisorp-
tion. This process includes the adhesion of liquid or gas
molecules on the surface of a liquid or solid substrate.
By using the principle of adsorption to select suitable
substrates, components that are hazardous, undesired,
or obnoxious can be removed from a material. The
adsorptive capacity of a substrate can be determined
by using its surface area-to-weight ratio (known as
the specific surface area). The contaminants that
remain on the surface of an adsorbent can be removed
by heating to regenerate the adsorptive capacity of a
substrate.126 Based on their adsorptive property, some
materials can be used to remove unpleasant and mal-
odorous components from clothing. The most common
adsorbents that are used for odor removal and have
applications in textiles are activated carbon, zeolites,
and cyclodextrins.

Activated carbon, made from the combustion or
thermal decomposition of carbon-containing sub-
stances, is highly porous and, due to its large surface
area, has the capacity to adsorb many gases and liquids.
The most common commercially available activated
carbon is in the powdered and granular forms used in
many industrial applications such as filtration and pur-
ification of water and air, decolorization in food and
beverages, control of toxins and contamination in phar-
maceuticals.127 Through the carbonization and activa-
tion of textile fibers and fabrics, activated carbon fibers
and cloth can be produced directly. Activated carbon
fibers have a much higher surface area and a larger pore
volume than powdered or granular forms.127 As well,
due to the flexibility of the textile structure, activated
carbon fibers and cloth can be molded into a variety of
shapes. Several fabric structures can be made using
activated carbon fibers, such as woven, felt, and knitted
fabrics. These structures have been widely used in the
fields of medicine, healthcare, and manufacturing of
protective wearable products.128 In the medical indus-
try, activated carbon cloth is used to control odors
from wounds.129,130 The black color of activated
carbon makes it difficult to color, which may be one
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reason it is not commonly used in everyday apparel
items.131 However, FlexzorbTM, which utilizes activated
carbon, have claimed that their technology not only is
able to control odor in healthcare but also provides
sufficient odor control apparel items for consumers,
such as underwear, denim, and pajamas.132 Granular
or powdered forms of activated carbon can be applied
to textiles through impregnating, coating, or printing
onto fabrics and fibers.94,133,134 For example, a mixture
of powdered activated carbon, obtained from coconut
and palm shells, in a printing paste at 5–15% levels of
activated carbon was both printed and coated onto
polyester and cotton fabrics. The intensity of onion
smell was reduced as the proportion of activated
carbon was increased for both printed and coated fab-
rics. The coated fabrics exhibited higher reduction than
the printed fabrics due to the higher content of acti-
vated carbon.94,135 However, the ability of the fabrics
to retain their odor controlling performance following
washing was not investigated, nor was its potential
impact on fabric handle and color limitations.

Zeolites are microporous crystalline materials con-
sisting of aluminosilicate components that have a
three-dimensional structure. This three-dimensional
framework provides pores of uniform sizes (0.3–
2.0 nm in diameter) which allow the molecules to be
adsorbed and trapped. Zeolites have been studied
with respect to their application as ion-exchange mate-
rials.136,137 In odor control, they have been widely used
in applications such as agricultural and municipal
wastes, as well as in pet litter,138,139 applied as topical
agents to control body odor,140 and combined in cellu-
losic films for food packaging.141 Zeolites have been
incorporated into cotton and polyester fabrics with
the potential to provide protection against radia-
tion.142–144 Odor control using zeolite technology by
Sciessent LavaTM has multiple textile applications,
including apparel, sporting equipment, linens, and pet
products,145 with laundering regenerating the zeolite
adsorption capacity. However, no scholarly articles
were found providing evidence of the odor-reducing
capabilities of zeolites incorporated into clothing and
other reusable textiles.

A common application of adsorbents such as acti-
vated carbon and zeolites in odor control within appa-
rel has been the incorporation of them into hunting
apparel to reduce the risk of detection by wild animals
during hunting.134,146,147 For instance, Vickers134

introduced a hunting clothing model that included an
outer, inner lining, and one odor-adsorbing non-woven
flexible sheet. The odor-adsorbing layer was made of
synthetic activated carbon fibers placed between the
two other layers. Reactivation of the activated carbon
can reportedly occur through washing and drying146 or
after 40minutes on high heat in a tumble dryer.148

Cyclodextrins (CD) are natural cyclic oligosacchar-
ides with six to eight D-glucose units derived from
starch molecules.149,150 The internal free space in
CDs’ chemical structure provides the possibility of
trapping different molecules with non-covalent bonds,
referred to as host–guest interactions.151 In the textile
industry, applications of CDs for odor can occur in
two ways: first, to control odor by removing malodors
through sorption into their internal structure, and
second, to mask unpleasant odors by incorporating fra-
grances as the inclusion molecules.149 The potential for
CD to be effective as an odor adsorbent was evident in
the work by Alzate-Sanchez and colleagues.152 High
amounts of adsorption of selected volatile compounds
(i.e. styrene, benzaldehyde, and aniline) by cotton trea-
ted with b-CD cross-linked with tetrafluoroterephtha-
lonitril occurred against untreated cotton, as well
as three commercially available fabrics reported as
having odor adsorbing properties (one of which was
an activated carbon treated cotton fabric).152

Polyester fabrics treated with b-CD and citric acid
showed a complete reduction in ammonia following
1 h exposure to the gas in an enclosed chamber.153

Isovaleric acid was retained in b-CD treated polyester
and cotton fabrics 1, 3, and 20 h following contamina-
tion via an artificial skin model, resulting in a detect-
able decrease in odor intensity.50

Conclusion

The build-up and release of unpleasant odors from tex-
tile items during use can lead to consumer dissatisfac-
tion, particularly as there are high expectations that
clothing and textile products meet multiple aesthetic
and functional needs. The problem of odor within tex-
tiles is complex and multifaceted with odors arising
from many different sources, both internal and external
to the human body. Selection of appropriate methods
for collection and detection of odor on textiles is para-
mount. Human wear trials represent how odor can be
transferred and retained within textiles during use;
however, controlling odor intensity and quality can be
difficult so that comparisons across several test sessions
may not be possible. In vitro methods that have been
used include inoculation of textiles with odor precur-
sors and microorganisms and exposure of fabrics to
odorants in a gaseous or liquid medium. However,
these in vitro methods for collecting odor can also
suffer from limitations given the complex array of com-
pounds that can make up an odor source and the multi-
ple methods for how odor can be developed within, or
transferred to, fabrics. Therefore, an in vitro method
that better represents the mechanisms for odor devel-
opment and transfer from an ‘‘artificial skin’’ to a tex-
tile substrate is still required. Such in vitro methods are
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important to allow for comparison across different test
fabrics and laboratories. But it is important to note that
due to the variety and complexity of human sweat and
diversity of microflora, any such in vitro method would
still be an approximation.

Methods for detecting odor emitted from textiles
encompass sensory and instrumental means of mea-
surement. Sensory measurement, which uses human
assessors to detect odor, is a highly applicable measure-
ment tool. The selection and training of the sensory
panel, control of the test environment, and selection
of appropriate test methods for the research objectives
are all vital considerations in order to avoid potential
biases that can occur with sensory measurement.
Many different instrumental methods exist which ana-
lyze the concentration and types of odorants present in
the headspace above a textile or directly within the
textile using either chemical and/or electronic sensors.
The most common of these have been a gas chromato-
graph coupled with different detectors such as a mass
spectrometer, which is useful when the identification of
individual compounds in complex mixtures is required,
or a flame ionization detector, when known compounds
are being measured. Real-time analysis, without the
need for extensive preconditioning or complex extrac-
tion methods, can be done with a chemical ionization
technique, and radiotracer analysis can detect odors in
situ. Electronic noses and detector tubes also offer sim-
pler analyses of single or only a few known compounds.
However, without accompanying sensory analysis, the
impact of the odorant detected through instrumental
means alone may be unknown, hence more work
needs to be conducted determining what are acceptable
levels of key odorants released from textiles.

Textile fibers which inherently differ in their chem-
istry and physical structure influence odor intensity and
quality following exposure to various odorous sources.
Natural fibers such as wool and cotton have been per-
ceived to be less odorous following wear next to the
body than synthetic fibers such as polyester and
nylon. A build-up of odor over time due to multiple
uses can occur, particularly to oleophilic polyester
fibers, where laundering may not completely remove
odors. Under wet conditions, cellulosic fibers can exhi-
bit unpleasant odors resulting from bacterial action.
However, the role bacteria play in how odoriferous a
textile becomes after contact with the human body is
not clear. Selective growth of some microorganisms on
different textiles is apparent, yet odor is first generated
on the body and transfer of sweat and odorants to
fabrics also occurs. For example, in low odor wool,
bacteria have been shown to persist for longer than
on high odor polyester. There is also evidence that
other fabric properties such as fabric physical proper-
ties and color can influence the intensity of odor

released. More research is needed to better understand
the mechanisms involved in how fiber type influences
odor retention and release, as well as the impact of
other common fabric properties.

The main two approaches to controlling odor in
textiles are applying antimicrobials to the textile and
incorporating odor adsorbents within the textile.
As antimicrobials within textiles should remain in the
textile substrate rather than leach to the skin or during
laundering, then complete control of malodors gener-
ated from sources internal to the human body is
unlikely. Therefore, combining the action of the anti-
microbial with an adsorbent is likely to be most suc-
cessful as a holistic approach to odor control and
appears to be an inherent characteristic of some anti-
microbials (e.g. metal oxides). Three of the most
common odor control technologies that rely on adsorb-
ing odorants are activated carbon, zeolites, and
cyclodextrins.
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