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ABSTRACT

This study concentrates on controlling the devel opment of foot odor causing bacteriawhile wearing socks. Hence
100% bamboo fabric, nylon/bamboo and cotton/nylon union fabrics were produced using socks knitting machine
and they were treated with natural antimicrobial agent, Quercus Infectoria (Gallnut). The gallnut treated fabrics
weretested for antimicrobial activity against the foot odour causing bacteria such as Saphylococcus epidermidis,
Saphylococcus aureus, Propionicbacterium acnes and Escherichia coli using agar diffusion method and the
zone of inhibition wasidentified for all the samples. The result shows that gallnut treated bamboo fabrics and its

blend shows better antibacterial activity than cotton and nylon.

INTRODUCTION

Foot odor isatype of body odor that affectsthe
feet of humansand produces unpleasant smell espe-
cialy for the sports people. Thisismainly dueto the
generation of sweat onthefoot. Though Swest isbasi-
cally acombination of salt and water, it doesn’thave a
diginctivesmdl of itsown. Thesmdl isactudly caused
by bacteriathat arenormal ly present onthe skinwhich
isattracted by the sweat, feed on and excreteswaste
that createsstrong odor. Therefore, moresmell iscre-
ated withfactorscausing more swesting, such aswear-
ing shoesand/or sockswith inadequateair ventilation
for many hourg¥.

Since foot odor is caused by bacteria digesting
sweat, there are two main ways to reduce the stink.
Oneisto decrease the amount of bacteriaon our feet
and the other oneisto decrease the amount of sweat
that collectson our feet. Theamount of bacteriaon feet
can be reduced by wearing clean socks and to wash
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thefeet with antibacterial sogps. Theamount of sweat
that collects on our feet can be reduced by wearing
well-ventilated shoesand shocks, applying an antiper-
spirant on our feet and wearing socks preferably made
of cotton or other absorbent material sthat absorb alot
of sweat and transfer it to the environment to keep the
skin dry so that the bacteriacannot feed oniti?. The
most commonly used material sto manufacture socks
are cotton, polyester and nylon.

Theuseof polyester or nylon socksmay increase
perspiration and therefore may intensify thefoot odor.
These problems can be overcome by using bamboo
fiber asit hasquick sweat evaporation and natural an-
tibacterial properties. It can aso beblended with cot-
ton and nylon to enhance the propertiestowardsthe
absorption of swedt.

Oneof the odor causative agent of swesat ispropi-
onic acid (propanoic acid), breakdown product of
amino acidsby Propionicbacteria, whichthriveinthe
ducts of adolescent and adult sebaceous glandsthus
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producesvinegar-like odour. Isovaleric acid (3-methyl
butanoi c acid), another source of foot odor isaresult of
Saphylococcus epidermidisbacterid action, presentin
several strong cheesetypes?. Saphylococcus aureus
and Escherichiacoli bacteriaared socommonly present
inour skinwhich producesodour during swesting

Thisbacteria action can bereduced by using sev-
erd antimicrobid agentsobtained fromnaturd resources.
One such antimicrobia agent is Gallnut (Quercus
Infectoria) that contains the mixture (60-70%) of
gdlotannin, dlagicacid, garch and glucose. Thedyestuff
inthetanninof gdInutisdlagicacid, whichexhibitsdye-
ing propertiesbecause of auxochromegroup (-OH) to-
gether with other chromogen groups and its natural
mordanting property enhancesdyesbilityincdluloscfab-
ric®. Bothtannicand gdlicacid extracted fromgdIsare
powerful astringents. Tanninin gallshasgood anti-vira
and anti-septic property. They ared so usedinthetresat-
ment of diarrhea, dysentery, hemorrhoids, gonorrhea,
virgind infections, indudingleucorrhea,

Theam of thiswork isto inhibit the foot odour
causi ng bacteriaSaphyl ococcus epidermidis, Saphy-
lococcus aureus, Propionicbacteriumacnesand Es-
cherichiacoli by applying natural antibacterial agent
on knitted fabrics made out of 100% Bamboo, Bam-
boo/Nylon and Cottor/Nylon. Antimicrobid activities
of thesefabricswere assessed by quditativetesting of
fabricsusing Agar diffusion method (AATCC 100).

MATERIALSAND METHODS

Yarn

Threedifferent yarn samplesof Cotton, Bamboo
and Nylon were selected based on market analysis.
The count of selected cotton, bamboo and nylonyarns
was 305, 30° and 70/2° respectively.

Antimicrobial agent

Natural antimicrobia agent, Gallnut (Quercus
infectoria) was purchased from M/s. Kannan Herb-
as, Coimbatore, India All other chemicasused for the
extraction of gallnut wereof LR grade.

Test microor ganisms

The bacteriaused in the study include Saphyl o-
coccusaureus, Escherichiacoli, Propionicbacterium
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acnesand Saphylococcus epidermidis, weretheclini-
cal isolates obtained from R&D Bio-technology,
Coimbatore, India.

Knitting

Theyarns procured were knitted using socksknit-
ting machineinthreedifferent combinationsand their
parametersareshowninthe TABLE 1.

TABLE 1: Specificationsof knitted fabrics

. Wales Per Cour se Per
SNo Material Structure Inch (WPI)  Inch (CP)
1 Cotton/Nonn single o1 o7
jersey
p Bamboo/Nylon 20 26
singlejersey
3 100% Bamboo 21 20
single jersey

All theknitted sampleswere bleached under stan-
dard conditions.

Prepar ation of extracts

Thegd Inut seedswere collected and grindintofine
powder. It was extracted by adding 5g of gallnut pow-
der with 200 ml of acetoneinaconicd flask and hested
at 60°c under reflux for 1hr. The extract was then fil-
tered using Whatmann no. 1 filter paper and then con-
centrated under Vacuum at 40°C by using a Rotary
Evaporator.

Application of extractson knitted fabrics

1" X 1" fabricwasimmersedin solution having re-
quired concentrationsof extracted gallnut solution and
sodiumchloridefor 1 hr at 40°C and stirred well for 45
minuteswiththeliquor to material ratio 50:1. Various
concentrationsof theextracted gaInut sol ution used were
5%, 10%, 15%, 17% and 20% w/v with variousNaCl
concentrations 10g/l, 20g/l and 30g/l. The treated
samplesweretaken out, squeezed and air dried with-
out subjecting them to washing process. Finaly an op-
timized concentration of 17% w/v extracted gallnut so-
lution and 20g/I NaCl treated samplewas used for the
assessment of antibacteria activity.

Estimation of antibacterial activity

Theagar diffusion method isardatively quick and
easly executed semi-quantitativetest to determinean-
tibacteria activity of diffusibleantimicrobia agentson
treated textilematerid. Thebacteriaweregrowninnu-
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trient broth medium. Using x100 dilutionfrom a3 hour
culture, test organismswere swabbed over the surface
of agar plates. 2cm+ 0.1 cm diameter discs of the test
fabric and control fabric werethen gently pressed onto
the surface of the plate. The plateswereincubated at
37°C for 18 — 24 hours. The antibacterial activity of
fabrics was assessed by the diameter of the zone of
inhibitionin comparison to the control fabric.

RESULTSAND DISCUSSIONS

I nfluence of gallnut on antimicrobial activity

TABLE 2andFigure1 & 2 show thedifferencein
antimicrobial activity of gallnut treated and untreated
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100% bamboo fabrics. Theresults show that gallnut
treated 100% bamboo material hashigher inhibitory
effect towards Escherichia coli, Saphylococcus

TABLE 2: Antimicrobial activity of treated and untreated
bamboo samples

Zone of inhibition (mm)
100% Bamboo 100% Bamboo

Bacterial agent

(Treated) (Untr eated)

Escherichia coli 27 -
Saphylococcus on 23
aureus
Saphylococcus
epidermidis 22 15
Propionic bacterium o5 14
acnes

m 100% Bamboo (Treated)

W 100% Bamboo

(Untreated)
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Figurel: Effect of gallnut on treated and untreated 100% bamboofabrics

Name of the Microbe

Samples

I . Staphylococcus Propionic bacterium
Escherichia coli Staphylococcus aureus epidermidis aones

100%

Bamboo

(Treated)

100%

Bamboo

(Untreated)

Figure?2: Zoneof inhibition of gallnut treated and untreated bamboo samplesagainst thefoot odour causing bacteria
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aureus, Saphylococcus epidermidis and Propionic  against various bacteria such as E.coli, Saureus,
bacteriumacnes. Thismay beduetothe presenceof  Sepidermisand Propionic bacteriumacnes. In Cottor/
tannininga Inut which hasgood antimicrobia property.  Nylon, galInut showsbetter activity againgt Saureuswhen
compared to other microbes. In Bamboo/Nylon, galInut
showsbetter activity againgt Saureusthan other microbes

TABLE3andFigure3& 4 show theantimicrobia 10004 bamboo fabric treated with gallnut, shows better
activity of Quercuslinfectoriaontrested knitted samples activity against E.coli when compared to other microbes.
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Influenceof fabricon antimicrobial activity
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Figure3: Effect of gallnut on treated knitted samples
Name of the Microbe
Samples Staphylococcus Staphylococcus Propionic bacterium

Escherichia coli . o
aureus epidermidis acnes

o ‘.

Figure4: Zoneof inhibition of gallnut treated samplesagainst thefoot odour causing bacteria
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TABLE 3: Antimicrobial activity of gallnut treated knitted
samples

Zone of inhibition (mm)

Bacterial agent ~ Cotton/  Bamboo/ 100%
Nylon Nylon Bamboo

Escherichia coli - 27
Saphylococcus o4 30 o4
aureus

Saphylococcus

epi ge?/ midis 17 21 22
Propionic 18 19 5

bacterium acnes

Whileconsdering Saureusand Sepidermis, Bam-
boo/Nylon shows better activity followed by 100%
Bamboo and Cotton/Nylon. 100% bamboo shows
better res stant to Propionic bacteriumacnesfollowed
by Bamboo/Nylon and Cotton/Nylon and the antimi-
crobia activity against E.coli isonly achieved in 100%
Bamboo treated sample. The combination effect of
“bamboo kun”, a natural antibacterial element in Bam-
boo andtanninin galnut, leadsto increased resistance
against microbes of bamboo and itsblends. The anti-
microbid activity of gdlnut varieswith thetypeof fab-
ric may bedueto theinteraction of the chemica com-
ponents present naturaly intheir structure.

CONCLUSION

It is observed that galInut treated 100% Bamboo
knitted fabricisfound to havegood antibacterid activity
againg thefoot odour causing bacteriaEscherichiacali,
Saphylococcus aureus, Saphylococcus epidermidis
and Propionic bacterium acnes when compared to
Bamboo/Nylon, Cotton/Nylon and Bamboo untreated
samplesand thisisachieved mainly dueto thecombined
effect of gdInut and bamboo. From theabovefindingsit
isindicated that thereisagood scopeto produce odor
control socksby the application of gallnut on bamboo
fabricssincethegd nut providesgood antimicrobia pro-
tection and a so good dyeability to fabrics dueto the
presenceof mordantinit.

[1]
[2]

[3]
[4]

[5]

REFERENCES

http://www.freshfoot.co.uk/Pages/facts.aspx
http://www.embarrassi ngi ssues.co.uk/footo-
dour.html

http://en.wikipedia.org/wiki/Body_odor

Adem onal, Ahmet Sari, Mustafa Soylak; Ellagic
acid from gallnut (Quercus infectoria), Extraction
and determination of itsdyeing conditionsfor natu-
ral fibres, Journal of Scientific & Industrial Re-
search, 64, 491-495, July (2005).

Gagandeep Singh, Eadaoin M.Joyce, James
Beddow, Timothy J.Mason; Eval uation of antibac-
terial activity of zno nanoparticles coated
sonochemically onto textilefabrics, Journal of Mi-
crobiol ogy, Biotechnology and Food Sciences, 106-
120 (2012).

s LBioTechnology

An Tudian Yourual



