
Journal of Environmental Research And Development Vol. 5 No. 3,  January-March  2011

666

MICROBIAL  ADHERENCE  ON  TEXTILE
MATERIALS : A  REVIEW

Vidushi Bajpai, Shailendra Bajpai*, M. K.  Jha1,  Apurba Dey2 and Subrata Ghosh3

1.Department of Chemical Engineering, National Institute of Technology, Jalandhar, Punjab (INDIA)
2.Department of Bio Technology, National Institute of Technology, Durgapur, West Bengal (INDIA)
3.Department of Textile Technology, National Institute of Technology, Jalandhar, Punjab (INDIA)

                            Received April 10, 2010          Accepted January 14, 2011

    ABSTRACT
Textile materials such as cotton, linen, wool, etc., are susceptible to be attacked by various harmful
microorganisms present in the atmosphere. Most of these microorganisms are non pathogenic but
can become opportunistic pathogens under certain conditions. Therefore, the bacterial adherence on
textile fabrics is an important field of study to prevent the growth and further proliferation of these
harmful organisms.  In the present work, we have discussed the important factors that influence the
adherence of microbes on textile materials including nature of microbes, nature of fabrics, and
environmental conditions that may accelerate or prevent their growth. The first step involved during
the attachment is the bacteria come in contact with the substrate to allow the initial attachment.
Forces involved during this initial attachment are weak Vander Waal forces, electrostatic forces and
hydrogen bonding. The next step is irreversible attachment of cells with the surface. In this paper we
have discussed the adherence of various microorganisms with different textile materials, important
factors that influence the initial adherence, mechanism of adherence, and ill effects of adherence on
fabrics.

Key Words :  Bacterial adherence,  Escherichia coli,  Mechanism of adherence,  Cotton,
Antimicrobial textiles.

INTRODUCTION
Human beings use textile materials for various
purposes including covering the body with clothes,
beddings, curtains, infant and adult incontinence
diapers, sutures, wound dressings, aprons and for
several other purposes in hospitals. Textile
materials are made up of natural and synthetic
fibers. Natural fibers like cotton, linen, silk, wool
are prone to microbial decomposition as these
fibers have chemical bonds which could be readily
hydrolyzed by microorganisms1.  However
synthetic fibres though are not biodegradable, yet
the presence of finishing materials such as
brighteners, spin finish oil, starch, dyes, or dust
and dirt in the fabric provide the suitable
environment for microbial growth2.

All microorganisms present in the atmosphere are
not pathogenic; however some of these could
become pathogenic under certain conditions.
Therefore, the bacterial adherence on textile
fabrics is important field of study to prevent the
growth and further proliferation of these harmful
organisms.  In the present work, we have studied
the important factors that influence the adherence
of microbes on textile materials including nature
of microbes, nature of fabrics, and environmental
conditions that accelerate or prevent their growth.
Recently the demand of fabrics that resist to
microbial infestation has increased significantly.
These fabrics come under the broad category of
textiles called as ‘antimicrobial textiles’. The
fabrics can be protected from growth and
adherence of microorganisms by either controlling
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the physical ambient conditions or treatment of
fabr ics with anti microbial products.
Antimicrobial textiles are found to be successful
in preventing the growth and adherence of
microbes for longer periods as compared to non
antimicrobial treated fabrics. Therefore, the study
of factors and mechanisms promoting the initial
and subsequent steps in microbial infestation of
textiles is pre-requisite for designing and
manufacturing of better and more effective
antimicrobial treated fabrics. Apart from the
factors like chemical composition of fabrics, other
parameters that affect the microbial adherence
on fabrics include the physical conditions in which
they are used1. For example fabrics used in the
hospitals, food industry, sportswear, inner wears,
infant wears, bath room, home and kitchen
regularly comes in contact with human body fluids
like sweat, sebum, blood, urine and food stains,
etc., which make them highly susceptible to be
attacked by microbes as these stained fabrics
provides nutrient rich substrate for microbial
growth3,4.
It is observed that human sweat when produced
fresh by the body is odorless but clothes drenched
in sweat smells foul3.  This is due to the
degradation of sweat and sebum by bacterial flora
normally found on human skin i.e. Gram positive
Staphlococcus.epidermidis and the Gram-
negative Escherichia coli. These bacteria are
also found to be associated with infections of
surgical wounds or wounds caused by accident5.
In hospitals infections in burns wards, intensive
care units and several of contact lens associated
infections are also found to link with
Pseudomonas aeruginosa6-8. Other ill effects
of bacterial growth on textile fabrics include
pigmentation, emission of unpleasant odour and
loss in the strength of fabric1. In this paper, we
will briefly discuss about microorganisms and
Textile materials, important factors that influence
the initial adherence, mechanism of adherence,
and ill effects of adherence on fabrics.
Microorganisms
Microorganisms are living organisms that are
microscopic in size and therefore could not be
seen through the naked eyes. In spite of their
small size their significance in human life as well

as on earth’s biosphere is great. There are five
types of microbes:  Algae (1.0 µm - many feet in
size), Bacteria (0.2-100 µm), Protozoa, Fungi (2.0-
10 µm) and Virus (0.015-0.2 µm). Microbes are
omnipresent on earth’s surface including extreme
conditions like volcanic vents, hot water springs,
deep ocean and ice caps. However, they are most
abundant where they found nutrient, moisture,
optimum temperature i.e. within 15- 450 C. Since
these are conditions in which humans live,
therefore it is impossible to live in atmosphere
devoid of microbes. They are in air we breathe,
on our body surface, in and around body orifices,
in alimentary and urinary tract. However, under
normal conditions most of microbes are not
pathogenic but can become opportunistic
pathogens under circumstances like weakened
human immune system, wound, cut, bruise or
burn9.  Microbial cell surface or cell wall
composition has very important role in initiating
the process of infection causing and adherence.
Since it is a physicochemical process therefore
the nature, composition, orientation of structural
entities present on cell surface are critical in
deciding the extent of microbial encroachment of
any surface.  Studies of contamination of
biomaterials are generally concerned with bacteria
since they are abundantly found as a part of human
skin flora and are the most common cause of
infections.  Some of the common residents of
human skin flora (List) are Staphylococcus
aureus, S.epidermidis, Escherichia coli,
Cornynebacteria, Proprionibacteria,
Pseudomonas aeruginosa, Serratia
marcescens, etc. Bacterial cells are distinguished
into two types, gram positive and gram negative
on the basis of difference in stain retention and
cell wall composition. Bacterial cell surface
structures like fimbriae, flagella, capsules or slime,
extra cellular substances, lipopolysaccharide
(LPS) , outer membrane proteins, antigens O and
H,  M protein, etc are involved in the interactions
with the substrate.
List of Microorganisms found on human
skin

 Staphlococcus.epidermidis

 Proprionibacterium (anaerobic)
 Pityrosporum
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Textile materials

The most important use of textile materials is in
the form of fabrics. The chemical composition of
fabric is the important property for the study of
bacterial adherence and their subsequent effects.
Fabric materials are composed of fibres, which
are broadly classified into two categories i.e.
natural fibres and manmade fibres (Table 1)10.
Natural fibres
Natural fibres such as cotton, linen, hemp, flax,
jute, ramie, etc are derived from plants. Where
as silk is obtained from insects, wool is reared
from sheep, mohair from the Angora goat, and
cashmere from Cashmere goat. Some of the
important natural fibres are briefly discussed in
next section:

 Corynebacteria (aerobic)
 Staphylococcus. aureus
 Escherichia.coli
 Pseudomonas aeruginosa
 Pseudomonas putida
 Pseudomonas.mirabilis
 Serratia marcescens
 Staphylococcus mitis
 Acinetobacter johnsonii
 Candida albicans
 Trichophyton
 Curvularia
 Alternaria alternata

Cotton
Raw cotton is produced as seed hair on cotton
plant (Gossypium hirsutum). Cotton is composed
of the chemical compound called cellulose which
is chemically the homopolymer of  - D
glucopyranose unit in which each subsequent unit
is added via   (1  4) glycosidic linkage.
Cellulose is fibrous, tough; water insoluble
substance who’s each molecule is a linear,
unbranched, consisting of 10,000 to 15,000  - D
glucopyranose unit. With several chains lying side
by side, a stabilizing network of inter- chain and
intra -chain hydrogen bonds produces straight’
stable supra-molecular fibres of great tensile
strength.  Cotton has regions having crystallized,
ordered or micelles state as well as regions of
randomness or amorphous state.

Linen

Linen is produced as bast fibres from flax plant
(Linum usilatissium). Bast fibres occur between
the outer bark and the woody central cylinder.
Each fibre consists of bast or sclerenchymous
cells overlapped in such a way that they produce
continuous filaments. Linen fibres are composed
of cellulose along with pectin substances. Linen
is stronger than cotton and better conductor of
heat. The demand of linen material has increased
significantly as it provide the cool feeling during
the summer.

Jute

Jute is bast fibre and generally produced from
two species Corchorus capsularis  and
Corchorus olitorius .  Chemically jute is

Table 1 : Classification of fabrics (based on the source of their origin)

                           Natural fibres                            Manmade fibres 
         Plant origin       Animal origin        Regenerated         Manmade 

Cotton, Linen Hemp, 
Jute, Ramie, 

Wool, Silk, Angora 
and cashmere wool 

Cuprammonium 
rayon,  viscose 
rayon and acetate 
rayon  

Polyester, Polyamide 
fibres, Polyacrylonitrile 
fibres, Polyvinyl chlo- 
ride fibres, Polyvinyl 
alcohol fibres, Poly-
olefin fibres, Polypro-
pylene fibres, Polyur-
ethane fibres, Polyh-
ydrazide fibres. 
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composed of lingo-cellulose. It  is highly
hygroscopic in nature due to large amorphous/
crystalline ratio.

Silk

Silk is obtained from silk worm and chemically it
is made up of polypeptide having ß conformation.
Silk protein is called as fibroin which chiefly
composed of glycine, alanine, serine and tyrosine.
Among all natural fibres silk is most resistant
Wool
Chemically wool belongs to a family of protein
called intermediate filament (IF) proteins. Almost
whole of dry weight of wool is made up of a-
keratin, which has fibrous structure. The a-keratin
is made up of polypeptide chains mainly composed
of hydrophobic amino acids in form of a helices.
The  a helices of keratin are arranged as a coiled
coil. Two strands of a-keratin, oriented in parallel
are wrapped about each other to form a super
twisted structure which amplifies the strength to
over all structure.
Manmade fibres
Manmade fibres are further divided into two types:
Regenerated fibres and Synthetic fibres.
Regenerated fibres
For manufacture of regenerated fibre the chief
raw material is natural organic material of high
molecular weight, which is degenerated into highly
viscous solution in volatile organic solvent or
aqueous medium or by simply melting it. This fluid
of high viscosity is then extruded through fine
holes and solidified by evaporation, by chemical
action or by cooling. The extruded filaments may
be collected for making yarn. Most commonly used
raw material is cotton or cellulose which is
manufactured as cuprammonium rayon (small
cotton linters), viscose rayon (wood pulp) and
acetate rayon (small cotton linters).
Synthetic fibres
Synthetic fibres are made from simple chemical
compounds or monomers linked together by
synthetic polymerisation reaction. Some examples
of synthetic fibres are Polyester, Polyamide fibres,
Polyacrylonitrile fibres, Polyvinyl chloride fibres,
Polyvinyl alcohol fibres, Polyolefin fibres,
Polypropylene fibres, Polyurethane fibres,

Polyhydrazide fibres and Polyoxadiazole.
Synthetic fibres though are not direct substrates
for microorganisms but if certain biodegradable
constituents are induced in them during their
manufacturing processing or during its use could
become susceptible to microbial attack.
Microbial adherence
The bacterial attachment to surfaces has been a
great interest to many research groups in
industries including medical and food industry.
Bacterial adherence have been studied to a wide
variety of subjects ranging from natural and
synthetic fibres5,11-15 , surgical sutures16 , glass17,
contact lens7,8,  surgical grade metals and
implants18, dental restorative materials19, urinary
catherators20, hydrocarbons21, sand22 and stainless
steel23.
Mostly microbial adherence generally occurs at
solid-liquid interface. The advantage of such site
of interaction is the availability of nutrients as well
as a substratum for colonization by bacterial
cells24. Microbial adherence on any substrate
involves the mutual interaction of microbes and
substrate. This interaction depends on the varying
attributes of microbial cell surface, substrate
surface as well as of interacting medium between
the two24, 25. It is a known fact that microbial cell
surface is a living, highly dynamic and complex
system. Even the slight change in physical and
chemical factors in ambience of the cells can
greatly alter the cell surface composition and
hence the adherence behaviour of the microbes
on substrate. Some of the important characteristics
of microbial cells that play significant role in
adherence are:
• Microbial cell-surface charge.
• Microbial cell-surface Hydrophobicity.
• Cell receptors or adhesions (Passive and

active mechanisms of adhesion employed by
microbial cells with aid of receptors,
adhesions, fimbriae, slime, etc).

• Slime or biofilm forming ability of microbial
cells.

• Nature of cell surface which depends on cell
age, C/N ratio of growth medium, growth
temperature

• Temperature, duration, rpm or g at which
microbial cells are centrifuged to prepare cell
suspension      .
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• Density of suspension (inoculums’ dose) used
for study of adherence.

• Composition, ionic strength and pH of cell
suspending media.

Physico-chemical characteristics of interacting
surfaces also affect adherence. Some important
characteristics are:
• Hydrophilicity or Hydrophobicity of fabric.
• Surface charge of fabric
• Surface roughness  and structure of fabric
• Relative humidity and temperature in which

fabric is to be used.
• Fibre content and composition of fabric
• Any type of treatment, coating, presence of

conditioning film (sweat, sebum, blood, food
particles, dust, brighteners, spin finish oil,
starch, dyes, etc) on the surface of fabric.

Study of microbial adherence and growth on
fabrics that are used in direct contact with skin
are most significant as they may affect human
health. Following the initial step of microbial
contact and adherence, further proliferation and
colonization of any surface involves the growth
of certain slime producing species which further
results in formation of biofilms. Once adhered
microorganism forms biofilms on substrate, it
becomes very difficult to treat it as biofilms
protects them against any type of harsh treatments
whether chemical or physical18.

RESULTS  AND  DISCUSSION
In study about adherence of Staphylococcus
aureus, Staphylococcus epidermidis ,  and
Escherichia coli on different types of textile
fabrics,  it was found that the percent bacterial
adherence on fabrics were dependent on bacterial
suspension concentration, time of contact was also
found to affect the adherence of bacteria11.
Adherence of Bacillus megaterium spores to
different types of textile materials was found to
depend on fabric composition, texture and was
enhanced by organic and inorganic deposits on
fabrics13. It was also reported that odour was
produced due to bacterial growth in fabric and
subsequent degradation of apocrine and
sebaceous secretions. Intensity of odour in
different types of fabric involved in their study
was dependent on the chemical composition of
fabric14. Damage caused by Aspergillus niger

on 100% cotton fabric, was studied in terms of
decrease in tensile strength with time, temperature,
pH, different experimental conditions15. Ambient
conditions that come into play when both microbes
and the substrate are interacting such as time of
contact of microbial cells to fabric, temperature,
pH, ionic strength of the medium of interaction,
humidity, aerobic or anaerobic conditions,
presence of any other gas, presence of any
bacteria lysing enzymes (lysozyme) or antibiotics
or any other bacteriostatic chemicals also greatly
affects the microbial adherence.
Mechanism of microbial adherence
Microbial cells and substrate interaction is a
complex process involving array of several kinds
of forces and interactions that comes into play at
different times. Some of interactions are long
range that is effective when microbial cells and
substratum are in range greater than150 nm. Short
range interactions are effective when microbial
cells are very close i.e. less than 3nm to
substrate25.
Over all microbial interaction with the substrate
can be broadly divided into two distinct phases.
The first and the reversible phase involves the
physicochemical interaction during which
microbial cells from aqueous phase settle on solid
substrate under the influence of forces like
brownian motion, vander waal forces, hydrophobic
forces, gravitational forces, and electrostatic
charges of the interacting  surfaces. In the second
and the irreversible phase, the interaction becomes
more specific and the microbial or the bacterial
cell surface plays an important role. The
extracellular structures and secretions like fimbriae
or pili, flagella, capsules or slime, EPS, LPS , outer
membrane proteins, antigens O and H,  M protein
on cell wall are involved in holding of substratum
and the forces responsible for such interactions
are hydrogen bonding, covalent bonding and ionic
interaction24,25 . The models of bacterial interaction
and their subsequent adhesion to solid surface can
also be explained with help of classical Derjaguin-
Landau-Verwey-Overbeek (DLVO) theory which
is further extended by Van Oss and called as
extended DLVO theory (XDLVO). XDLVO
theory also considers the Lewis acid-base
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interactions (AB) besides the Lifshitz-van der
Waals forces (LW) and electrostatic interactions
(EL) in the estimation of net interactions of
bacterial adhesion to inert solid surfaces22,26.
The time period required in completing the process
of bacterial attachment to substratum and
transition time required from reversible to
irreversible state of adhesion is subject to vary
with  species of bacteria or microbe involved, type
of substratum, type of interacting medium
between the microbe and substratum, ambient
physical and chemical conditions.
The bacterial adherence on fabric is said to occur
in following steps:
• Initial contact of few microbial cells with

fabric.
• Initial adhesion and proliferation of bacterial

cells on fabric surface forming micro colonies.
• Neighbouring colonies can coalesce with each

other to form a wide spread layer, which can
be called as bio film.

• Formation of bio film, further penetration or
growth would result in appearance of stains,
pigmentation on fabric or foul smell.

• Bio deterioration of fabric that may lead to
degradation of fabric.

Effect of bacterial adherence on textile
fabrics
Large numbers of bacterial and fungal species
are known to deteriorate different types of textile
materials by feeding on them or by simply
hydrolyzing certain bonds in them. Natural fabrics
having cellulose as key ingredient are affected
by several genera of bacteria such as Bacillus,
Clostridium, Cytophaga, Sporocytophaga,
Cellulomonas, Cellvibrio . Several species
belonging to genera Bacillus, Pseudomonas and
some of actinomycetes are found involved in wool
degradation. Silk degrading bacterial species
generally belong to genera Bacillus,
Pseudomonas,  Serratia, Streptomyces1.
However, there are microorganisms which are
not involved directly in feeding the textiles but still
could be found adhering and growing on fabrics.
They feed on the different types of additives and
contaminants present on these fabrics and
indirectly involved in biodegradation. The main

effects of bacterial adherence on textile material
include :
• Bacterial growth leads to staining, discolouring

or pigmentation of fabric.
• Bacterial population once established could

alter the pH of cloth, which might results in
change of colours of dyes or fabric material.

• Bacterial growth could lead to fibre
degradation thereby causing decrease in
tensile strength and elasticity of fabric
material.

• Bacterial growth on fabric in presence of
sweat, other body fluids and organic deposits
may result in formations of stinking substances
like acids and amines.

• Bacterial infestation and growth in fabric can
cause diseases like asthma, allergies, eczema,
etc.

• Bacterial infested textile materials can
become vector for spread of pathogens
especially in hospitals.

CONCLUSION
Textile materials that are made up of natural
fibres such as cotton, wool, jute, etc. are
susceptible to the attacks of microorganisms
present in the atmosphere. The microbes, under
certain conditions, may become pathogenic and
therefore contaminated fabric may become the
vector of infection and poses great risk to the
health of wearer. The first step involved during
the attachment is the bacteria come in contact
with the substrate to allow the initial attachment.
Forces involved during this initial attachment are
weak Vander Waal forces, electrostatic forces
and hydrogen bonding. The next step is irreversible
attachment of cells with the surface. At the end
of this stage much stronger physical or chemical
forces are required to remove the bacteria from
the surface. The understanding of bacterial
attachment to textile materials will help in future
development of fabric that resists bacterial
attachment. This paper reviews the various
factors which affect the microbial adherence,
mechanism of the process, consequences of their
growth and attachment to fabrics. It is concluded
that the study of bacterial adherence is a pre-
requisite to develop suitable antimicrobial finish
for the fabrics.
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