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ABSTRACT

This review article deals with the antimicrobial finishing of textiles with
antimicrobial dyes based on heterocyclic/ homocyclic systemsalso deals
with the Antimicrobial Activity, Structural Features of Antimicrobial
Functional Dyes, Requirements for Antimicrobia Finishing and various
methods that sued for Evaluation of Antimicrobial Efficacy of these dyes
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(qualitative and quantitative). Thisreview article also describesthe major
antimicrobial activity of dyesbased on heterocyclic/ homocyclic systems.
Keeping in mind the multitude of existing systems, different dyes is
classified asnatural, direct, cationic, reactive and dispersedyes. In addition,
this article review illustrates the use of these dyes for dyeing as well as

antimicrobial textilefinishing.

INTRODUCTION

Textilesrecognized asmediato support thegrowth
of microorganismssuch asbacteriaand fungi. These
microorganismsarefound intheenvironment and may
multiply quickly whenbasic requirements, suchasmois-
ture, nutrientsand temperature are met. Almost syn-
theticfibers, owingtothar highhydrophobicity, aremore
res stant to attacks by microorganismsthan naturd fi-
bers. Proteinsin keratinousfibersand carbohydratesin
cotton may act as nutrients and energy sources under
certain conditions. Soil, dust, solutesfrom sweat and
sometextilefinishesmay also be nutrient sourcesfor
microorganisms*2,

Thegrowth of microorganismsontextilesnot only
inflictsarangeof unwanted effectsonthetextileitself
but a'so onthewearer. These effectsincludethe gen-
eration of unpleasant odor, stainsand discolorationin
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thefabric, areductioninfabric mechanicd strength and
anincreased likdihood of contamination. For theserea
sons, itishighly desirablethat the growth of microbes
ontextilesbeminimized during their useand storage.

Thereisalso abroader market for antimicrobial
fibers, for instance, in outdoor textiles, air filters, auto-
motivetextiles, domestichomefurnishingsand medica
textiles. Thishigh demand, inturn, hasstimulated inten-
siveresearch and devel opment™2,

Producing functional dyeswith specid finishing ca-
pabilitiespromotecurrently in an areaof activeresearch
especidly inthefidd of textilegpplications. Thisreview
articleshall discussavariety of functional dyesthat
posse’s biological activity®®. However, therehasbeen
agrowing need to develop finishesfor textilematerids
that may offer improved protection to the usersfrom
mi crobes (bacteria, mould or fungi) which cause nu-
merous problems. Textile materialsand clothing are
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known to be susceptibleto microbial attack, asthese
providelargesurface areaand absorb moisturerequired
for microbid growth®. Naturd fibreshaveprotein (kera:
tin), celluloseetc., that providebasi crequirementssuch
asmoisture, oxygen, nutrientsand temperaturefor bac-
terial growth and multiplication. Thisoften leadsto
undesrable odour, dermal infection, product deteriora:
tion, alergic responses and other related diseases™.
Thisnecesstatesthe devel opment of clothingthat may
provideadesired antimicrobid effect.

A variety of antimicrobial textilematerialsarere-
ported empl oying different gpproaches asdevel opment
of chitosan treated wool fabricg®, antimicrobia nylon
fiber by attaching aphosphate glassasan antimicrobia
agent’®, surface coating by trialkoxysilyl quaternary
ammonium salt, antibacterid fiber by graft polymeriza-
tionof cdluloscfiber with polyvinyl pyrrolidone, by treat-
ment with potassi um iodide sol ution, micro-encapsula:
tion or insol ubilization of chemical reagentsin/on fiber
such asnitro compoundson acrylic, nylon, polypropy-
lene and polyethylenefiber. These recent approaches
use synthetic non-biodegradabl e chemica compounds,
that cause environmental and health concerns. Asan
aternate approach, if some specia dyeshaving antimi-
crobid activitieswithout Sgnificantly affecting their dye-
ing properties, thetextiledyeing and antimicrobia fin-
ishing may beunified into one process. With these ap-
proachesin mind, some studies have been conducted
sofar to check theantimicrobial activity of thesedyes
when gpplied ontextilematerias. Thisarticleaddresses
theviability of usingtextiledyesthat represent theanti-
microbiad dyeswith high performance dyeing and anti-
microbid textilefinishing.

REQUIREMENTSFOR
ANTIMICROBIAL FINISHING

Inorder to obtain the greatest benefit, an ideal an-
timicrobid trestment of textilesshould satisfy aseverd
requirementg29,

e |t should beeffective against abroad spectrum of
bacteria and fungal species, but at the sametime
exhibitslow toxicity to consumers, e.g. does not
causetoxicity, allergy or irritation to the user.

e Thefinishing should bedurabletolaundering, dry
cleaning and hot pressing, e.g. textile products sub-
jected to repeated washing during their life.

e Thefinishingshouldnot negatively affect thequaity
(e.g. physical strength and handle) or appearance
of thetextile,

e Thefinishing should preferably becompatiblewith
textile chemical processes such asdyeing, be cost
effectiveand not produce harmful substancestothe
manufacturer and the environment.

e Antimicrobid finishing of textilesshould notkill the
resident floraof nonpathogenic bacteriaontheskin
of thewearer!1%,

STRUCTURAL FEATURESOF
ANTIMICROBIAL FUNCTIONAL DYES

Functional dyes and colorants are compounds
whosed ectronic structurescan absorb € ectromagnetic
radiation inthevisiblerange (380-780 nm); additiona
propertiesother than color can bedefined asfunctions.
Based onthisdefinition, Infrared dyes, |aser dyesand
voltage sensitivedyesfall within the category of func-
tiona dyed®.

Functional dyesand colorantsare useful for im-
parting afunctiona property to atextile such asantimi-
crobia, anti-static, softening, water repellent, fire-re-
sstant, soil-repellent, anti-UV, and other chemica prop-
ertiesaswell asacombination of two or more proper-
tiesthereof.

Antimicrobia dyeshavetheability tokill at least
sometypesof microorganisms(caled bactericida) or
toinhibit the growth or reproduction of these organ-
isms(called bacteriogtatic) 2.

Textilematerid sareexcd lent mediafor growing of
mi croorgani sms such as, Saphylococcusaur ues, Es-
cherichiacoli, Aspergillusniger etc. An environmen-
tal concern, to the public, owing toincreasing of the
crosstransmissionof diseasesin hospitalsand unhealthy
indoor air quality inworking areas partially or com-
pletely caused contaminated textiles. Body odour and
derma infections, caused by microorganisms, are hy-
gienicconcernaswell.

Fabricspossessinginherent antimicrobia functions
are expect to be able to eliminate these concerng®®l.
Clothing and textile materialsare carriers of microor-
ganismssuch as pathogeni ¢ bacteria, odor-generating
bacteria, and mold fungi, because of the adhesion of
these microorgani smson fabric surfaces. Thespread of
HIV and hepatitisviruses by contact of contaminated
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materiashas created increased pressurefor protection
of persond withfunctiona clothing and materia $4.

Therefore, medicd useandingitutiond usegppard
material sand clothing such assurgeons’ gowns, patient
drapes, nurses’ clothing, carpeting and bedding materi-
as, lining sheetsand towel s, and worker uniformsare
necessary to achieve antibacteria functiong™.

Textiles dyed with antimicrobial dyes have
microbiocidd (i.e antimicrobid), activity againgt abroad
gpectrum of pathogenic microorganism e.g. gram-posi-
tive bacteria (e.g. Staphylococcus aurous) and gram-
negative bacteria(Escherichiacoli). Fiberswithmicro-
bicida propertiesareintended for useparticularly in
themedical sector, for examplefor women’s wear, un-
derwear, socks and other hygienic purposes such as
upholgteries.

ANTIMICROBIAL ACTIVITY

Microbesand application of some antimicrobial
dyes

Microbes arethetiniest creatures not seen by the
naked eye. Eachincludeavariety of microorganismsas
bacteria, fungi, dgaeand viruses. Bacteriaareunicedlu-
lar organisms, that growing rapidly under warmth and
moigture. Further, subdivisonsinthebacteriafamily are
Gram-positive bacteriae.g. (S. aureus), Gram-nega-
tive bacteriae.g. (E.Cali) or spore bearing and non-
spore bearing type. Some specific typesof bacteriaare
pathogenic and cause crossinfection. Fungi, moldsor
mildew are complex organismswith dow growth rate.
Each stainthefabric and deteriorate the performance
propertiesof thefabrics. Fungi areactiveat apH level
of 6.5. Algaearetypica microorganismsthat areeither
funga or bacteria . Algaerequire continuous sources of
water and sunlight for growth and develop darker sains
onthefabrics. AlgaeareactiveinthepH rangeof 7.0-
8.0. Dust mitesareeight legged creatures and occupy
the household textiles such asblanketsbed linen, pil-
lows, mattressesand carpets. Thedust mite’s fees on
human skin cellsand liberated waste productscan cause
allergic reaction and respiratory disorderg™.

Many investigators use many kinds of dyesfor
management of microbes on textile as shown in
TABLE 1.

Evaluation of antimicrobial efficacy
A number of test methods have been developed to
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determinetheefficacy of antimicrobid textileg2%3, The
bacterial species Staphylococcus aureus (Gram posi-
tive) and Klebsiellapneumonia(Gram negétive) are
recommended in almost test methods. Thesetwo spe-
ciesarepotentially pathogenic and thereforerequire
proper physica containment facilitiesfor handling (e.g.
abio-safety cabinet). Many studieshave used thein-
nocuous Escherichiacoli (Gram negative) asatest mi-
croorganism that can be cultured and handled inastan-
dard laboratory with minima heath risk. These meth-
odsare;

Broth dilution tests

Oneof theearliest antimicrobid susceptibility test-
ing methods was the macro broth or tube-dilution
method®-¢4l, Thisprocedureinvolved preparing two-
fold dilutions of antimicrobia materid (eg, 1, 2, 4, 8,
and 16 mg/mL ) inaliquid growth medium dispensedin
test tubes®571. Theantimicrobia containing tubesin-
oculated with astandardi zed bacteria suspension. Fol-
lowing overnight incubation at 37°C, thetubeswere
examined for visible bacterid growth asevidenced by
turbidity. Thelowest concentration of antimicrobid that
prevented growth represented theminimal inhibitory
concentration (MIC). Theadvantage of thistechnique
wasthegeneration of aquantitativeresult. The disad-
vantages of themacro dilution method werethetedious,
manua task of preparing the antimicrobid solutionsfor
each test, thepossibility of errorsin preparation of the
antimicrobid solutions, and therd atively largeamount
of reagents and spacerequired for each test. Themin-
iaturization and mechanization of thetest by useof smal,
disposable, plastic ‘micro dilution’ trays (Figure 1) has
made broth dilution testing practical and popular. Mi-
crodilution pandsaretypicaly prepared usngdigpensng
ingrumentsthat aiquot preci sevolumeof pre-weighed
anddiluted antimicrobid inbrothintotheindividud wells
of traysfrom large volume vessels. MICs are deter-
mined us ngamanua or automated viewing devicefor
ingpection of each of the panel wellsfor growthi®”. The
advantages of the micro dilution procedureincludethe
generation of MICs, thereproducibility and convenience
of having prepared pand's, and theeconomy of reagents
and spacethat occurs owing to the miniaturization of
thetest. The main disadvantage of the micro dilution
method issomeinflexibility of drug seectionsavailable
instandard commercid panels.
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TABLE 1: Sometypesof antimicrobial dyesand their effectson some har mful microor ganisms

Dye Micr oor ganisms References
Gram-negative bacteria

Natural dyes Escherichia cali (E. coli), Bacillus subtilis (B. subtilis), Klebsiella pneumoniae (K. [17-28]
pneumoniae), Proteus vulgaris (P. vulgaris), Pseudomonas aeruginosa (P. aeruginosa).
Gram-positive bacteria

Direct dyes Staphyl 0COCCUS aurues (S. aureus), Staphylococcus pyogenes (S. pyogenes), [29 and 30]
Gram-negative bacteria
(E.cali), (P. aeruginosa), (P. vulgaris).

Gram negative bacteria
E. cali, K. pneumonia, P. vulgaris, Pseudomonas pyocynans (P. pyocynans),
I Salmonella typhi (S. typhi), Vibrio cholerae (V. cholera)

Cationic dyes Gram positive bacteria [31-42]
S. aurues, S. Pyogens, Staphylococcus epidermidis (S. epidermidis), Corynebacterium,
diphtheroids
Gram-negative bacteria
E. cali, P. aeruginosa

Reactive dyes Gram-positive bacteria [43-47]

continued S. aureus, S. pyogenes, C. dbicans, A. niger, A. clavatus
Fungi
Aspergillus niger, Penicillium species
Gram negative bacteria
E. cali, B. subtilis, P.vulgaris, Samonella sp., Pseudomonas sp., Rhodococci

. Gram positive bacteria

Disperse dyes S. aureus, [48-61]

Fungi

Aspergillus niger, Penicillium species

Figure 1 : A broth micro dilution susceptibility panel
containing 98 reagent wellsand a disposabletray inoculator

Antimicrobial gradient method (E-test)

Theantimicrobid gradient diffus on method usesthe
principleof establishment of an antimicrobia concen-
tration gradient in an agar medium asameansof deter-
mining susceptibility asshownin Figure 2. It employs
thin plastictest stripsthat impregnated ontheunderside
with adried antimicrobial concentration gradient and
are marked on the upper surfacewith aconcentration
scale. Asmany as5 or 6 stripsplacedinaradia fash-

ion onthesurface of an appropriate 150-mm agar plate
that hasbeen inoculated with astandardized organism
suspension asthat used in adisk diffusion test. After
overnight incubation, thetestsareread by viewing the
gripsfromthetop of theplate. TheMICisdetermined

Figure 2 : E-test gradient diffusion method with some
antimicrobials. Theminimum inhibitory concentration of
each agent isdeter mined by theinter section of the or ganism
growth with thestrip asmeasur ed using the scaleinscribed
onthestrip.
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by theintersection of thelower part of theellipse shaped
growthinhibitionareawiththetest strip. Generdly, E-
test resultshave correlated well with MICs generated
by broth or agar dilution methodg®72,

Disk diffusion test

Thedisk diffusion method(®5" 7l jssimple, prac-
tical, and well standardized. Thetest done by applying
abacteria inoculumto the surface of alarge (150 mm
diameter) Mueller-Hinton agar plate. Up to 12 com-
mercialy prepared, fixed concentrations, paper antimi-
crobia disksplaced ontheinocul ated agar surface (Fig-
ure3). Platesincubated for 24 h at 37°C before deter-
minaion of results. Thezonesof growthinhibitionaround
each of theantimicrobia disksmeasuredtothenearest
millimeter. The diameter of the zonerelated tothe sus-
ceptibility of theisolate and to thediffusion rate of the
material through the agar medium. Theresultsof the
disk diffusontest are“qualitative,’ in that a category of
susceptibility (ie, susceptible, intermediate, or res stant)
isderived from thetest rather than an MIC. The ad-
vantages of thedisk method arethetest smplicity that
doesnot require any specia equipment, the provision
of categoricd resultseasly interpreted by dl clinicians,
andflexibility inselection of disksfor testing. Thedis-
advantages of thedisk test arethelack of mechaniza-
tion or automation of thetest.

Suspension test

Thistest provide quantitative val ueson the antimi-
crobid finishing, butismoretime-consuming morethan
agar diffusontest. Typicaly, asmal volume(eg. 1 ml)
of bacterid inoculuminagrowth mediaisfully absorbed

Figure 3 : Plates showing antimicrobial activity by agar
diffuson method.
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into dyed fabric samples of appropriate size without
leaving any freeliquid. Thisensuresintimatethe contact
between the dyed fabric and the bacteria. After incu-
bating theinocul ated fabricsin sedled jarsat 37°C for
up to 24 h, the bacteriain thefabric areeluted and the
total number isdetermined by serid dilutionand plating
on nutrient agar plates. Antimicrobid activity, expressed
as percentage of reduction, calculated by comparing
thesizeof theinitia populationandthat following the
incubation. Appropriate controls, e.g. samplesthat have
gonethrough the same process except the antimicro-
bia finishing, should beincluded in each experiment to
ascertain that the observed decreasein bacterial num-
ber istruly dueto theantimicrobial finishing®.

ANTIMICROBIAL TEXTILEDYES

Natural dyes

Many of theplantsare used for dye extraction are
classified asmedicinal, and someof thesehaveremark-
ableantimicrobid activity. Punica granatumand many
other common natural dyesare reported aspotent an-
timicrobial agents because of the presenceof alarge
amount of tannins. Several other sourcesof plant dyes
arerichinngphthoquinonessuch aslavsonefromhenna,
juglonefromwa nut and lgpachol from akannet arere-
ported to exhibit antibacterid and antifungd activity!"53.

Dyeing with natural products has attracted almost
attention owingtotheir additiond functionssuch asan-
tibacterid, antifungal and deodorizing effectsthat some
of natural mattersmay providetofibersviadyeing. Such
application of themto fibersmay bearather functiona
dyei ng technol ogy that has many advantagesboth eco-
nomicaly and environmenta ly!*9. Furthermore, it could
meet the growing consumer need for safeand healthy
lifeand the global awareness of eco-friendly industria
process. For these reasons, many effortsmadetoin-
vestigatetraditionaly used natura dyesintermof ther
dyeability including dyeing procedures, shade of dyed
fabrics, fastness propertiesand furthermoretheir hy-
gienic functionson fabricg82024,

Thetextilesdyed with these natural dyesarevery
useful indeve oping dothingfor infants, ederly andin-
firm peopleto protect them against common infections.
They wereequally useful in bed linen, carpetsand other
hometextiles, which are major propagators of com-
moninfections.
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Theextract of Acacia catechu (Figure4.) or Mi-
mosa catechu heartwood isbrown coloured material
used for textile dyeing. The main constituents of the
extract dyecatechin and catechu tannic acid dlongwith
small proportion of brown coloring matter. It also con-
tainstannin, flavotannin, gallotannin, phloratannin etc.
asshownin (Scheme 1),

Another source of natural plant dye is Quercus
infectoria (Gallunt) (Figure5.) which containsamix-
ture of (60-70%) gdlotannin, elagicacid 1, starch and
glucose. Thedyestuff inthetannin of galnutiselagic
acid and exhibitsgood dyeing propertiesbecause of its

OH o CHy
COOH
l E 0OH
o

Lacocaic Aoid A R= CH:CH-NHCOCH; Laceaic Acid D

Laccaic Acid B R= CH2CH=0H
Laccaic Acid C R = CH-CH(NH-)COOH

Scheme 1: Chemical structureof laccaic acid

auxochromegroup (OH) together with other chromogen
groups.

Also, Rubia cordifolia (Figure 6) roots contain an
organic compound called Alizarin, that givesitsred

Figure5: Quercusinfectoria

colour to atextile dye known as Rose madder. It was
also used asacolourant, especially for paint, that is
referred to asMadder Lake. Madder hastraditionally
been animportant natural source of red colour for tex-
tiles. However, only three components present in ap-
preci able quantities coul d be coll ected chromatographi-
cally in large amounts. Purpurin (1,2,4-
trihydroxyanthraquinone) 2 is the most abundant
colorant (65-67%), followed by munjistin (1,3-
dihydroxy-2-carboxyanthragquinone, 10-12%) 3 and
nordamncanthal (1,3-dihydroxy-2-
formylanthraguinone, 9-10%) 4.

Another source of natural dye is obtained as a
byproduct of the secretion of insect KerriaLacca. Itis
aspeciesof scdeinsect of thefamily Kerriidae (Figure
7). The main colouring component is laccaic acid
(Schemel), mainlyintheform of anmoniumsdts which

Figure 6 : Rubia cordifolia

used for dyeingwool and silk fabrics. These pigments
arepresent at up to 10% in stick lac, which has been

0 OH
O
OH I e
[ )
4
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harvested before adult insects depart their cocoon. Pro-
cessed seedlac and shellac haveal ow content of laccaic
acids but retain a yellow water-insoluble pigment,
erythrolaccin,

Figure7: KerriaLacca

Antimicrobial activity of natural dyeson cotton

Balakumar et al ., studied the antimicrobial func-
tionality of cotton fabric dyed using natural aqueous
dyeing sol ution obtai ned by extraction from pomegran-
ate (punicagranatum). S aureus as Gram (+ve) bac-
teriaand E. coli as Gram (-ve) bacteriawereused as
test organismsfor the antibacterial study’®. Thisstudy
demondrated that utilizingtheextracted dyes gnificantly
facilitate obtaining quality cotton fabrics having both
dyeability and antibacterid properties.

Antimicrobial activity of natural dyeson wool

Mogt of thestudies conducted earlier havereported
theactivity of plant materiasagainst Candidarugosa,
S aureusand other drug resi stant bacterid®! to check
theantimicrobia activity of these compoundswhen
goplied ontextilematerids.

Someresearchershave undertaken aninteresting
study to determinethe bactericidal propertiesof five
commercialy available dye powders, namely Acacia
catechu, Kerria lacca, Quercus infectoria, Rubia
cordifolia and Rumex maritimus, against some com-
mon microbes. These dyes tested against common
pathogensE. coli, B. subtilis, K. pneumoniae, P. vul-
garisand P. aeruginosa. Quercusinfectoria dyewas
most effectiveand showed maximum zoneof inhibition,
indicating best antimicrobia activity against dl themi-
crobestested. Minimuminhibitory concentration (MIC)
wasfound to bevarying from5to 40 mg. Thetextile

> Rev/ew

materid impregnated withthesenatura dyes, however,
showed lessantimicrobial activity, asuptake of these
dyesin textile material isbelow MIC. Wool sample
dyed with Acacia catechu showed areduction of 10-
15% in bacterial growth and areduction of 15-25%
with Quercusinfectoria. Aninteresting observationis
that the Quercusinfectoria, exhibited high bactericidal
activity in solution and found to be bacteriostatic when
dyed ontowool fibre®l,

Moreover, theantimicrobia activity of someother
natural dyes (obtained from Rubia tinctorum, Allium
cepa, Punica granatumL and Menthasp.) have been
studied against S. aureus S. sonnei, E. coli, B.
megaterium, B. subtilis, B. cereus, P. aeruginosa, S
epidermidis, Salmonella and P. aeruginosa. Puncia
granatumdyewasmost effective against thetest bacte-
riaexcept E. coli and S epidermidis. Thetextilemate-
rid impregnated withfour natura dyesand maximumin-
hibition rates (80, 86, 52%, respectively) wereobtained
against B. subtilis of wool samples dyed with Puncia
granatum, Allium cepa and Rubia tinctorum while
maximum inhibition rates (91%) wasfound against P.
aer uginosa of wool sampledyed with R. tinctorum@,

Therelation of curcumin concentration anditsanti-
microbial activity onwool has been investigatedY.
Curcumin hasaunique conjugated structureincluding
two methoxylatedphenols and the enol form of b-
diketone. It existsin aketoeenol tautomerismwith equi-
librium strongly favouring the enol form (Scheme 2).
Theenol structure enablescurcumintoform additiona
inter- and intramol ecular hydrogen bonds. The exist-
ence of methoxyl and hydroxyl groupsisbelievedto be
respons blefor theantimicrobid activity.
Antimicrobial activity of natural dyeson silk

A research study carried out to optimize dye ng con-
ditionsof unripe Citrus (Figure8.). It containsawide
range of flavonoid constituentsincluding hesperidin,
naringin, nobiletin and tangerinewhich areknown to
show biological activity!?. Leeet al. has optimized
the dyeing conditions of unripe Citrus Unshiu extract
onsilk fabric and evaluateits potentia antimicrobial
activity onthedyed fabrid®. Theantimicrobid activity
of thedyedfabricagainst S aureusand K. pneumoniae
hasinvestigated quantitatively. Excelent antimicrobia
activity > 99 % reduction rate agai nst two both bacte-
riawasexhibited for al of dyed fabrics.
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Scheme?2: Enol and keto for m of methoxylatedphenols (Curcumin)

Syntheticdyes

Most of the synthetic azo dyesarewidely usedin
thetextileindustryt™>8, Theantimicrobid finishingwith
textile col oration using synthetic dyesarea so of great
interest. Thisisdueto thefact that textile materid sun-
dergo biologica degradation, and it seemsthat about
40 % of the damageisdueto theeffect of microorgan-
isms. Theactivity of fungi and bacteriaresultsinthe
reduced mechanica strength of amaterid, color change,
stains and stale odor. In this regard, the use of dyes
withantimicrobid propertiesextendsthe servicelifeof
these materid's, and avoi ds damage caused by biologi-
ca degradation. Interestingly, dyesareamong thecom-
poundswhich are suitablefor biocidd treatment of tex-
tile materialsdueto thefact that some of them exhibit
biological activity, resulting from the presenceintheir
mol ecul e Sof some anti septic groupsthat form adefi-
nitetype of bonding with the molecul es of thefibrous
meaterid.

Direct dyes

Simu et al., focused onthe possibility of devel op-
ing new eco friendly azo direct dyes 5, 6 with good
colouristic and application properties, and exhibiting
biologicd activity®.

Theindividual human skin tolerancefor these azo
compoundsevauated by invivoimagigtic skinstudies
and the obtained resultsindicate that, from dermato-
logic point of view, the azo compounds may beused as
textile dyes. Further, the compounds were eval uated
for antibacterid activity against S aureus, S pyogenes,
E. coli, P. aeruginosa and P. vulgarisby thedisk dif-
fusonmethod. Thescreening datareved ed that thestud-
ied azo compounds exhibited antimicrobial activity
against most of thetested species, presenting aparticu-
lar interest against S aureusand E. coli.

Acrylicfabricwastreated with direct dyesin com-
bination with copper and zinc sulfatesas mordanting
agentsand thentested for their antimicrobial activity
agang Gram-positiveand Gram-negetivebacteria. The
meta sdtsused weredso studiedfor their likely effects
ontheantimicrobial property of fabricsdyed with C.1.
Direct Yellow 12, C.I. Direct Red 23, C.1. Direct Red
31, and C.I. Direct Black 38. Untreated (control) acrylic
fabric exhibited no antibacteria behavior whilst dyed
and mordanted fabricsreveal ed considerabl e antimi-
crobia properties. It wasfound that thefabric treated
with C.I. Direct Yellow 12 and copper sulfate asmor-
dant achieved thehighest antimicrobid activity withgood
washing fastness®,

HO N=N c=c N=N OH
H H
m—@moc SO;H HO,S CONH Om
HO N=NO”—CO@N=N OH

CI@HNOC
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Cationicdyes

Cationic dyesact asbasesand when made soluble
inwater, they form acolored cationic salt, which con-
nect with the anionic sites on the surface of the sub-
strate. These dyesare used inthecoloration of acrylic
fiber that widely used synthetic fabricsdueto acombi-
nation of desirable properties, such as soft wool-like
handle, good el aticity and mechanica properties®!

Many cationic dyes possessantimicrobia activity
and the most commonly used antimicrobial colorants
aretriphenylmethanedyessuch asMdachiteGreen(MG
C.I Basic Green 4) 713231, These dyes exhibited anti-
microbial efficienciesbecause of the presence of qua
ternary ammonium saltsin their molecular structures.
Positive electrica chargesalow dye moleculesto ad-
sorb readily onto microbia surfaces, and then penetrate
thecdl membrane, followed by destruction of cell mem-
branes and |eakage of cell inclusion body. Simulta-
neoudy, bacteria enzymesystemsaredestroyed, causng
bacteriadeath. The cell wall of Gram (-ve) e.g. E. coli
wasmoreintricatethanthecdl wal of Gram (+ve) eg.
S aureus, thus such type of dyesadsorb readily onto
the surfaces of the S aureus and showed better effi-
ciency against the S. aureusthan E. coli. Thedataa so

H2N+
Cl

NH5

“"-\
L
C.I BasicGreen 4 (7)

Cotts
N CH,CHyN(CH3)Cl
Cl

C.l. Basic Red 18:1 (8)

O;N

showed that antimicrobid effect increasesasakyl chan
lengthincreases. However, it wasfound that alkyl chain
length did not significantly affect. amongthesedyes.
Dye absorption decreased as alkyl chain length in-
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creased, akyl chainsof differing length placed inthe
dyestructure provided antimicrobid efficacy aganst S
aureus and E. coli®4,
1Azocationicdyes

Theantimicrobid activity of dyed acrylicfabricswith
C.l.BasicRed 18:1 (8) and C.I. Basic Yellow 51 (9)
has been investigated agai nst the common pathogens
Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa. C.l. Basic Red 18:1 dye
wasmost effective against thetest bacteriaE. coli, S
aureusand P. aeruginosainvitro, whereasC.l. Basic
Yellow 51 had alesser effect. Theacrylicfabricsdyed
with these dyes, however, showed lessantimicrobial
activity depending onthedyeing depth™!.

Nine (three series 10, 11, 12) antimicrobial cat-
ionic monoazo dyes have been prepared by adiazoti-
zation coupling reactioninvol ving two aromatic amino
compounds (featuring different chain length akyl qua-
ternary ammonium salts) as diazo components, and
N,N-dimethyl-benzeneamine and 1-phenyl-3-methyl-
5-pyrazol one as coupling components. It wasfound
that alkyl chainlength did not significantly affect 2. _
among theninedyes.

Within dyeseries 11 and 12, absorption decreased
as akyl chain length increased, but dye series 10
showed the oppositetrend. Alkyl chainsof differing
length placed in the dye structure provided antimicro-
bial efficacy against S. aureusand E. coli. Thenine
dyeshad higher antimicrobid efficacy againgt S aureus
than againgt E. coli and longer hydrocarbon chainshad
better antimicrobial effect with al other factorsheld
congtant®®, Theantimicrobid efficacy inagueous solu-
tion of the dye seriesdecreased inthefollowing order:
10>11>12.

H3C  CHs

H
+ 5 N ,CH3
f:l N—N
e

CH30SO0O3
C.l. Basic Yellow 51 (9)

2Anthraquinonecationic dyes

Some cationic dyesweresynthesized ingood yield
by incorporating quaternary ammonium sat moietiesinto
aminoanthraguinioid dyes. It wasfound that thedi-sub-
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HC CH,
N ] J -
N N=N OCHZCHZ—[‘\ijnHZnn Br

H,C CH,

10

CH,
+ | -
H,C /N=NH CH,—N—Cn H,n+Br
! CH,
N
\N o
11

stituted dyes 13 were of greater bathochromicity than
mono-subgtituted dyes14. Anincreaseintheadkyl chain
lengthin QASloweredthe) _ of thedyes. All dyes
exhibited antimicrobial efficacy againgt S aureusand
E. coli, with di-substituted dyesusudly showing higher
activity. It wasasofoundthat theakyl chainlengthin
QAS played animportant rolein antimicrobial func-
tions. Lower than eight carbonsinthe QASakyl chain
led to very low antimicrobid activities. In addition, the
antimicrobia dyesprovided higher antibacterid efficacy
aganst Gram-negative bacteriathan Gram positivebac-
teria, which could be duetothe structural differences
between bacteria*6-3839,

3 Cationic-reactivedyes

Different approacheshave been madeto unify dye-
ingand functiond finishingin onebathby preparing dyes
that have color and additional functional propertiesto-
gether. For example, antimicrobia cationic dyeswere
prepared by incorporatinglong akyl chain quaternary
ammonium sdts(QAS) to anthraguinone chromophores
through cova ent bonds“?. These dyes showed excel -
lent color and antimicrobia functionsin solutionsand
could be effectively introduced to acrylic fibersto
achievesmultaneous col oration and antimicrobia ef-
ficacy. However, these dyes do not have affinity to
cellulose. The synthesisand characterization of the

o CH,

CH,

o
N:NH—< >—OCHZCH2—|}1—CnH2n+1Br
4

i CH,

H,C

10: 10a (n=3) 10b(n=8) 10c(n=12)

11: 11a (n=3) 11b(n=8) 11c(n=12)

12: 12a (n=3) 12b(n=8) 12c(n=12)
12

cationic reactive dye based on monochlorotriazine
reactive group aswell asitsapplicationsin dyeing
cotton fabrics have been discussed®l. Fromwhich, a
quaternary ammonium sat dye structurewiththelong
chain length of 12 carbonswas chosen sincelonger
akyl chains, shownin (Scheme 3), aremoreeffective
asantimicrobid agents. Meanwhile, the anthraquinone
chromophore rendersgood chemicd stability. Thedye
demonstrated adequate antimicrobial propertiesin
aqueous solution.

It wasfound that the dye exhibited adequate anti-
microbia activities against both Gram positive and
Gram-negative bacteriaat aconcentration of 10 ppm.
The hydrophobic characteristicsmay increase the anti-
microbia function of thecationic reactivedye. Thiscat-
ionic dye also can react with cellulose to dye cotton
without using any electrolyteasdyeing assistant. The
dye exhaustion and fixation rates on cotton wererea
sonably highwithout significant hydrolys's, andthedyed
cotton exhibited good col or washfastness. However,
thewashfastnessof the antimicrobid functionsof dyed
fabricswas unreasonably low.

Reactive dyes

Concerning thedirection of synthesisof reactive
dyes based on quinazolinone moietyt*>#4, Divyesh and
Keshav reported afacile and convenient synthesis of

14
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nove quinazolinonereectivedyesand sudiedther dyeing AN 7\
properties, fastness properties, antimicrobial activity, CHNAN H.N— ) —SO;NH
. . . 2 WA
colorimetric dataand sol vent effect®. Thesynthesized A ok — N.. o7 eH
. . . a— 3
novel reactivedyesnot only givegood dyeing property ) )
but al so showed pharmacological activityi.e. antimi-  CHO "‘6;:00“3 18

crobid activity. Inthisregard ten monoazo quinazolinone
based reactive dyes (16 &) were made by coupling of
diazotized 3-{4-[4-amino-2-nitrobenzyl]-3-
nitrophenyl} -7-chloro-2 phenyl quina-zolin-4(3H) one
with variousp-chloro anilino cyanurated coupling com-
ponents (15a-j) asmentioned in (Scheme 4)1,

Trimethoprim 17 and sulfamethoxazole 18 havebeen
modified to act as reactive dyesfor cotton to impart
antibacterid properties. Someof thetrested fabricwas
subjected to multiplewashingsto determinedurability.
Thetreated fabricswerethen assayed for antibacteria
properties. Theresultsindicated that these compounds
may be used to attach specific antibacteria compounds
to cotton fabric to create specific usage, designer, or
tailored fabricsto meet speciaized needs*l.

Disperse dyes

Dispersedyesare organic colourshavinglesswa-
ter solubility, theseare gpplied incolloidd agueousdis-
persionsto hydrophobictextilefibresin which the dyes

17

literdly dissolve and produce desired coloration. The
devel opment of dispersedyesisduetosignificant in-
creaseintheworld production of polyester fibresas
compared to other fibres. Over 90% of dispersedyes
usageisfor the coloration of polyester anditsblends. A
monoazo dyewith aheterocyclic systemisvery useful
class of disperse dyes*-49,

Thiazole based disper sedyes

Variousdiazotized aryl amineswere coupled with
N-(2,4-dinitrophenyl)-2-[ (4-phenyl-1,3 thiazol-2-yl)
amino]acetamideto givethe corresponding variousazo
disperse dye structures 19. These dyeswere applied
to polyester fabric and their fastness propertieswere
evaluated. These dyes showed very good anti-micro-
bid activities. Thewash-fastness of al thecompounds,
asmay be anticipated on the basis of their increased
molecular weight and polarity to less substituted ana-
logues, was also of an acceptably very good order. In-
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troducing the terminal amino group for better generaly good dyeing on polyester fibres. All the
dispersibility observesno notablechangeintheper-  samplesshowed moderate activitiesagaing E.coli and
centage exhaustion. Overall, the prepared dyesgave P. aeruginosa. These dyes showed good antibacterial
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activity against above bacteriaand destroy the progres-
sivecell of microorganisms®. The synthesized dyes
werescreened for their antimicrobid activity®>3 using
disk diffusion method using different bacterial strains
such asGram (-ve) e.g. E. cali, P. aeruginosa, Gram
(+ve) e.g. S aureusand fungi C. Albicanswith 40ug/
ml concentration.

A dibenzobarrelene derivative 20 have been used
askey intermediatesfor thesynthesisof 5-(arylazo) thia-
zoledispersedyes. The synthesized dyeswere gpplied
to polyester and their antibacterial, color measurement,
and fastness properties have been eval uated™.

NO, o\

/ ’ .N 1\ // \J:}

0N~ NHCOCH, NN g\

| —

N— N—\
\:’# KR
19; R=H,-OH,-CH_,-NO,,-Cl, -Br

Pyridinebased disper sedyes
Pyridinederivativesarerel aively recent heterocy-
clicintermediatesfor the preparation of dyes(Scheme
5). Theazopyridinone dyesgive bright huesand are
therefore of investigative interest. Owing totheir im-
proved brightnessand light fastness, pyridinonedisperse

R
o /ES‘\S—MN‘@fX

20; R=CH,or Ph and X =H,CH_,OCH,, CL,Br,NO,or
COOEt

dyederivatives have found many applicationson dif-
ferent fibred™1. Moreover, the pyridinone nucleushas
been provento condtitutetheactive part of severa bio-
logically active compounds®. Thesynthesisof 4-me-
thyl-2,6-dioxo-1-propyl-1,2,5,6-tetrahydro-pyridine-
3-carbonitrile 23 as agood precursor to novel aryl-
and heteroaryl -4-methyl- 2,6-dioxo- 1-propyl-
1,2,5,6-tetrahydropyridine-3-carbonitrilesand their ap-
plication asdispersedyesfor thedyeing of polyester
fabrics. Theantimicrobia activitiesof the synthesized
dyes were screened against selected bacteria by the
disk diffusion method and their inhibition zonesdiam-
etersreveal that three of thetested dyes showed posi-
tiveantimicrobial activitiesagainst at least oneof the

> Review

tested microorganisms. Two dyes, 22aand 23ashowed
strong activities, whiletwo dyes 23b and 23c showed
moderateactivitieswith significant inhibition zones>10
mm, againgt Gram (-ve) e.g. S auerusand B. subtilus.
It isworth mention herethat dye 22b has showed no
antimicrobid activitiesagaing any of thetested micro-
organisms, and all the dyeshaveno antimicrobia ac-
tivitiesagainst Gram (-ve) e.g. E. cali, K. pneumoniae
and P. aeruginosa dueto bacterial structure®?,
Naphthol based dispersedyes

Inthefield of azo dyes, phenoliccompoundsplay a
major rolefor synthesizing most of the commercial
dyesd®¥, The synthesis and characterization of 4-
methoxybenzeneazo-2'-naphthol and 2-
nitrobenzeneazo-2'-naphthol dyesand their application
onwool, sk and nylonfabricshavebeeninvestigated®.
Theresultsshowed better huewith good col orfastness
towashing, rubbing, andlight. Thedyeswereadso evau-
ated for invitro antibacteria activity against different
grainsof gram-negativeand gram-pogitivebacteria The
results of the antibacterial propertiesof thesedyesre-
veal ed that both the dyeswere resistant to aerobic bac-
teria degradation but dye 24 showed more antibacte-
rial effect than dye 25.

The results showed that both the dyes exhibited
very slow rate of oxidation and inhibited bacterial
growth. Thiscan beattributed to thefact that enriched
el ectron cloud of ngphthamoiety arising fromelectron
donating power of O centre could actualy bedrifted
to nearby vacant «* orbital of azo (N=N) groups.
Amongst these dyes, therate of oxidation of dye 26

NO,
NO, OH

24

OH

25
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Scheme5: Diazotization reaction of Pyridinonederivatives

was comparatively lower than that of dye 27 asthe
former dye possesses astrong el ectron withdrawing
group—NO,, the el ectron density in thediazoti zed ben-
zene nucleusisfurther reduced and consequently the
rate of oxidation of the dyewas subsequently reduced.
Thismight also bethe cause of itsmore antibacteria
effect.

CONCLUSIONAND
FUTURE PERSPECTIVES

Theexponentia increase on the devel opment/per-
formance of antimicrobid dyesprovidesameasure of
their great potential and the significance of bolstering
theresearch regarding improvement of their synthesis,
aswel| asthear activity and themechanismsof action. It
iscrucid toachieveinnocuousmaterids, non-cytotoxic,
to the human beings with potent and broad range of
antimicrobial activity, long-last responseand evenre-
usableto maintainthe activity, awayskegpinginmind
the environmenta and recycling aspects.

As shown through this review, there are many
strategiesto design synthetic antimicrobia dyesbased
on azo heterocyclic and/or homocyclic Systemsin-

cluding natural dyeswith diverse mannersof action
over microorganisms. Their activity may beinherent
inther origina structure, because of chemica modifi-
cationto confer theresultant biocidal behavior. Most
research has been focused on polycationic systems
that are more straightforward and synthetically flex-
ible. Therefore, progresswill be concentrated on the
increment of their selectivity and durability. However,
dye systemsbased on the antimicrobia agent arein
thelead commercially. Inthissense, their improve-
ment will comeby incorporating theantimicrobia agent
suchthat toxicity will bereduced whileactivity ismain-
tained or enhanced, i.e., encapsulation. In addition,
special effort will be done in the area of
nanotechnol ogy, in which asmall amount of active
component, lessthan 5 wt%, rendersthewhole sys-
tem effective. Cytotoxicity reduction will be another
goa, whichisnot aprobleminareasof decontamina
tion or antifouling wherethey will haveagreat poten-
tial. Efforts will be also focused to reduce cost by
Investigating inexpensive dye systems. In short, the
future of these materialswill go through acombina-
tion of the different approaches, continuousinvesti-
gation onthekilling action of these promising systems.
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