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INTRODUCTION 
 
Microorganisms are found nearly all over within the 
atmosphere. NASA researchers have found microorganisms 
even at a height of thirty two metric linear units and to a depth 
of eleven metric linear unit within the ocean. Within the 
ground, microorganisms are found throughout oil drilling to a 
depth of four hundred m. it's calculable that the full mass of all 
microbes living on earth is roughly twenty five 
of all animals. Fortheir growth and multiplication, the 
minimum nutritionary necessities are water, a supply of 
carbon, chemical element and a few inorganic salts 
(Ananthanarayan et al., 2000) these are commonly found 
within the natural atmosphere. Textiles, by virtue of their 
characteristics and proximity to physique, give a wonderful 
medium for the adherence, transfer and propagation of 
infection - inflicting microbic species. In the previous couple 
of years, the marketplace for antimicrobial textiles has 
recorded an integer growth. This growth has been fuelled by 
the accumulated would like among the shoppers for 
contemporary, clean and healthful covering. Intensive analysis 
goes on to develop new antimicrobial finishes. This paper 
reports, in detail, the role of textiles in microbic propagation, 
the mechanism of antimicrobial activity and principles of 
antimicrobial finishing of textiles. Initial adherence, later 
growth and harm to the fibers and dissemination from them. 
The attachment of microorganism to materials relies upon the 
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sort of microorganism and also the physic
characteristics of the material substrate. Microbic adherence is 
additionally suffering from the substrate and microorganism 
semi permeable membrane property whereas the retention has 
been shown to rely upon the time of contact between the 
material and microorganism (Yu
rougher is that the surface, the lot of is that the retention.
Natural and artificial fibres vary greatly in their response to 
microbic growth. Each might act as willing substrates however 
the mechanism within the 2 cases is extremely totally different. 
Natural fibres square measure simple targets for microbic 
attack as a result of they keep water without delay and 
microbic enzymes will without delay hydrolyze their 
compound linkages (Yau, 1988). Cotton, wool, jut
square measure rumored to be most vulnerable to microbic 
attack. If a hundred and five colonies in one cubic centimeter 
water square measure applied to around 0.5 g cotton, when 
many hours, a power growth is discovered and also the 
population will increase from a 105 to 109 colonies. The harm 
caused by the genus Aspergillus niger
extensively investigated by Ucarci and Seventekin (Ucarci O
al., 1993). They found that there have been variations in 
strength of cotton because th
medium conditions modified. At intervals the natural fibres 
too, the persistence amount varied greatly. Growth of microbes 
is slower on artificial fibres as compared to their natural 
counterparts as a result of their compound ba
retain abundant water. 
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Textiles as Carriers of Microorganisms 
 
Bacteria, each unhealthful and odour inflicting, act with fibres 
in many phases together, however, these fibers encourage the 
holding of stale perspiration within the interstices, whereby the 
microbes multiply readily(Wooding N et. al. 1970) Foot 
infection, as an example, has been found to be additional 
pronounced for artificial fibre socks than fibre socks. Yau and 
Merry (Yau Lo et al., 1986) found that the adherence of 
bacterium to the materials accumulated because the content of 
polyester within the materials accumulated. Synthetic fibres 
conjointly become prone to microbic degradation, if there 
square measure finishing agents, like polythene and 
polysiloxane emulsions, on these fibres. These additives enable 
the microorganisms to degrade the compound into ‘chewable 
bites’ by utilizing the acidic or basic by-products of their 
metabolism, so initiating the cycle of reaction. During this 
means, even the powerful polyurethanes are often 
countermined. Plastic, nylon and polyester fibres have all been 
seen to be subject to microbic attack beneath contributory 
conditions (Yau, 1988). A matter of larger concern, however, 
is that the textiles not solely act as substrates for microbic 
growth however they'll act as active agents in propagation of 
microbes. a minimum of 2 viruses of public health importance, 
specifically acute anterior poliomyelitis and Vaccinia, are 
shown to persist on cotton and wool materials for decent 
periods of your time (Isquith et al., 1972) Viruses will persist 
on materials like cotton cloth, bath towel, washable  wool suit, 
polyester / cotton fabric and nylon jersey for up to sixteen 
hour. Artificial fibres enable larger degree of infectious agent 
persistence and transfer than cotton. Once subjected to 
washing, the virus gets physically far from the material 
however isn't inactivated, because it was found to be gift in 
extracted water. Detergents that scale back the physical 
phenomenon assist this physical removal. Thus, virus transfer 
will occur simply throughout traditional cold washing method. 
Also, some bacteriumcontinue to really survive on laundered 
material also (Vigo et al., 1981). 
 
Impact of microbic Growth on Textiles 
 
Generation of melodiousness 
 
Textile product will offer all such necessities for 
microorganism growth that lead to a spread of undesirable 
facet effects. (Thirty CM, 2001) The presence and growth of 
those microorganisms will cause health issues, odors and 
eventually material deterioration. As microbes usually attack 
the additives applied to textiles, discoloration and loss of 
textile’s practical properties like snap (brittleness) or durability 
may also occur. Among the facet effects, the formation of fetor 
is of explicit importance (Rajendran et al., 1989) (Teli et al., 
2000). Once microorganisms grow, they metabolize nutrients, 
like sweat and change of state gift in it and manufacture odour 
inflicting molecules, e.g. the metabolism of gram-positive 
bacterium S. aureus is believed to come up with 3-methyl-2-
hexanoic acid that causes the characteristic malodorousness. 
The unpleasant odour develops once among different things, 
bacterium convert human perspiration into foul- smelling 
substances, like acid, aldehydes and amines. Gram-negative 
bacterium P.vulgaris is understood to be able to metabolize 
carbamide to create ammonia and is that the cause for 
generation of odour in baby diapers (Mao J et al., 2001). 
Several product will be wont to tackle the odour drawback in 
textiles. The primary 2 approaches involve either trappings the 

odour inflicting molecules by incorporating adsorbent 
materials into textiles or treatmentof perfumes to mask the 
fetor. Such measures, however, solely tackle the odour 
drawback that's already there. Another approach is to use 
antimicrobials to stop the formation of odour inflicting 
compounds by inhibiting the expansion of bacterium. In 
several attention product round the world, like underarm 
deodorants, antimicrobial agents like triclosan have already 
been wide used with satisfactory results. 
 
Impact on Human Health 
 
Kloos and Musselwhite(1975) discovered the incidence of 
assorted bacterium on human skin and their persistence once 
one year within the same person. They found that the 
traditional skin supports resident microorganisms, and totally 
different. Microorganisms square measure predominant on 
different elements of the body and on the individuals of 
various age teams. Bacterium isolated from consumer goods 
were kind of like those isolated from traditional skin flora such 
as: 
 

 Under shirts contained cocci and coliform bacterium, 
that square measure chargeable for malodorousness. 

 Trouser legs and pockets contained Bacillus and lesser 
amounts of cocci and Micrococcus. 

 Skin of groin, region and feet contain cocci aureus, 
gram-negative bacterium, yeast and fungi Candida, that 
manufacture skin infections. (Vigo and Benjaminson 
AM 1981) 

 
The carrying of consumer goods as well as factors like 
contamination of skin with excretory product and excretory 
product and other body effluents and therefore the provision by 
clothes of wetness and darkness will enhance the probable 
infections. Vesture within the area and region areas dingy by 
excrement and BM are found to market the expansion of the 
Brevibacterium ammoniagenes, E. coli and Proteus mirabilis, 
so enhancing dermatitis and associated infections. Over 
seventy fifth of foot infections is attributed to the 
dermatophytic fungi Trichophyton interdigitale and genus 
rubrum isolated from socks. It had been seen that the easy 
lavation didn't eliminate these pathogens. Some 
microorganisms may directly cause diseases, e.g. mold plant of 
the fungus genus sort, which might manufacture respiratory 
organ unwellness (Schatz K; 2001). 
 
Degradation or Staining of Textiles 
 
Microbial growth will increase with increasing moisture and 
continual lavation of textiles, and is maxi-mal at neutral pH 
scale (7-8). (Sekar N; 2001) microorganism, except the photo-
tropic species grow well in dark. They’re sensitive to 
ultraviolet radiation light and alternative radiations. Exposure 
to light-weight will cause pigment production, which can cause 
colored stains on material. Some planned mechanisms for 
microbic degradation of cotton are as follows (Sidewell et al., 
1971): 
 

 The secondary wall of plastic material could also be 
directly broken by plant life fibril (thread like 
component of fungus), then plant starts growing within 
the lumen. 

 In some fibres, fibril penetrates within the lumen while 
not breaking the skin surface. Plant life fibril is coarser 
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(5 µm) than the cotton pore (16 Å) or perhaps NaOH 
swollen pores (40-50 Å). 

 Bacterial decomposition of polyose takes place from 
outside to within, however it cannot digest polyose 
directly. Cellulolytic microorganisms secrete enzymes, 
that build polyose soluble followed by the diffusion of 
microbes within the cell. 

 Carbon heterotopy kind of microorganism degrade 
carbohydrate chains into shorter ones and these area 
unit eventually hydrolyzed to shorter oligomers then 
finally to cellobiose and D-Glucose. As a results of 
protein degradation, the strength of cotton reduces by 
concerning thirty fourth in 3-5 days at 40oC. 

 
Mechanism of Antimicrobial Activity 
 
Different terms area unit employed in follow, viz. bactericide- 
organic process, antimycotic agent - fungistatic, biocide and 
biostatic. Once a product features a negative influence on the 
validity of a being, it's usually termed as associate degree 
antimicrobial. Once the microorganism are killed, the suffix 
cide and once solely the expansion is stopped the suffix static 
is employed. Antimicrobial agents act in numerous ways in 
which. The most modes of action are (Ananthanarayan R and 
Panikar; 2000): 
 

 Protein coagulation; 
 Disruption of semipermeable membrane leading to 

exposure, harm or loss of the contents; 
 Removal of free sulfhydryl teams essential for the 

functioning of enzymes; and 
 Substrate competition. A compound resembling the 

essential substrate of the protein diverts or misleads the 
enzymes necessary for the metabolism of the cell and 
causes death. 

 
Microorganisms contain a semi-permeable cell membrane that 
maintains the integrity of cellular contents. Germicidal agents 
cause the rupture of this semi permeable membrane and harm 
the cells. Biological process agents solely forestall the 
multiplication of microorganism, which can but stay alive, by 
inhibiting the synthesis of cell membrane, alteration of 
cytoplasmic membrane porosity, alteration of the physical and 
chemical state of proteins and nucleic acids, inhibition of 
catalyst action and inhibition of super molecule and 
macromolecule synthesis. A chemical that's antiseptic at a 
selected concentration could solely be organic process at a 
better dilution. 
 
Leaching kind Antimicrobial Agents 
 
The overwhelming majority of antimicrobial merchandise 
work by leach, i.e. moving from the surface on that they're 
applied and getting into the organism, poisoning it, and 
disrupting a life method or inflicting a fatal mutation. The dose 
of antimicrobial agent used is essential for potency. If 
insufficient of the compound is employed, then the bug isn't 
controlled and might adapt. However, if an excessive amount 
of its used then it will hurt different living things too. This kind 
of product additionally incorporates a restricted sturdiness and 
has the potential to cause a range of different issues once 
utilized in clothes. The chemical could have an effect on the 
traditional skin microorganism, cross the skin barrier, and / or 
cause rashes and different skin irritations in users. 
 

Bound kind Antimicrobial Agents 
 
Another set of antimicrobials with a totally different mode of 
action is one that molecularly bonds to the textile. This product 
makes the substrate surface antimicrobially active and works 
by rupturing the cytomembrane of the organism once it comes 
into direct contact (Ananthanarayan R and Panikar; 2000)these 
offer sturdy antimicrobial property on textiles. 
 
Antimicrobial Finishing Agents 
 
Antimicrobial finishes add worth to textiles and clothes by 
providing protection in numerous ways in which, like (i) 
forestall the expansion of microorganism and fungi, so 
protective textiles against unpleasant odors, mildew spots and 
therefore the premature loss of purposeful properties; (ii) 
shield the user or user of a textile against microorganism, 
yeast, dermatophytic fungi and different connected 
microorganisms for aesthetic, healthful or medical purposes; 
(iii) shield the textile itself against bio-deterioration caused by 
mold, mildew and decay manufacturing fungi; and (iv) shield 
the textile from insects and different pests for preservation of 
the fiber and/or protection of persons sporting article of 
clothing from insects and pests(Medical Text, 2001). Though 
several antimicrobial merchandise square measure obtainable 
commercially, those that satisfy the requirements of the textile 
trade square measure few. A perfect antimicrobial for textiles 
would have to be compelled to fulfill the subsequent basic 
requirements: 
 
Safety: Low toxicity to the consumers; as an example, it 
shouldn't cause allergic reaction or irritation to skin. 
Compatibility: No negative influence on textile properties or 
look and compatible with common textile process strategies 
like coloring, finishing and lavation. 
Durability: The antimicrobial agent ought to be sturdy to 
continual lavation. 
 
In addition to the effective management of bacterium, molds 
and fungi, such finishes should additionally fulfill following 
alternative requirements: (www.sanitized.com) 
 

 Have a large spectrum of activity and should be 
effective against all microorganisms, that's bacterium 
together with spores, viruses, protozoa and fungi; 

 Be active within the presence of organic matter; 
 Be effective in acid still as base-forming media; 
 Have speedy action; 
 Have high penetrating power; 
 Be stable; 
 Be compatible with alternative antiseptic and 

disinfectants; 
 Not corrode metals; 
 Not cause native irritation or sensitization; 
 Not interfere with healing; 
 Not be deadly if absorbed into circulation; 
 Be low cost and simply available; and 
 Be safe and simple to use. 

 
Technology of Antimicrobial Finishing 
 
There are many various varieties of fungicides or bactericides 
like metal salts and organometallics, iodine and iodophores, 
quaternary ammonium ion salts, gas and gas containing 
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derivatives, amines, carbamide and guanidines, phenols and 
thiophenols, antibiotics, etc. that have the flexibility to 
interrupt the standard metabolism of the being and inhibit their 
growth, thereby conveyance medicament and antifungal 
activity to plastic fibres. The standard practices accustomed 
bind antimicrobial agents to textiles are: 
 

 Fibre reaction and formation of constancy bonds. 
 Interaction with thermosetting agents. 
 Formation of co-ordination compounds. 
 Ion-exchange strategies. 

 
Washing sturdiness of the end depends on the affinity of 
antimicrobials or, within the case wherever compound coating 
merchandise are used, on however powerfully the polymers 
will bind with the textile surface. The mechanisms wont to 
impart sturdy treatments arecategorized as  
 

 Surface application,  
 Chemical bonding,  
 Internal denial that undergoes unharness slowly. 

 
Chemical bonding is on paper the simplest thanks to succeed 
sturdiness and it works well on polyose, wool and polymer. 
However, this technique needs appropriate reactive teams on 
the fibres to figure effectively. Constant is another issue to 
think about for fibres like acrylics. Internal antimicrobial 
unharness may be a viable possibility for artificial fibres that 
antimicrobials is incorporated into the fibres after they are 
spun. Identical incorporation is achieved by victimization 
antimicrobials as “disperse dyes.” sturdiness of antimicrobials 
cannot be achieved by self-cross linking materials owing to 
restrictive implications and attainable changes of antimicrobial 
activity profiles.(MaoJ;2002) Microencapsulation changed 
with multifunctional reactive teams is currently a longtime 
technique for sturdy application. 
 
Principle of Antimicrobial Activity 
 
Controlled unharness Technique 
 
The majority of bactericide finishes perform by the controlled 
unharness mechanism. (Lewin and Sello, 1984)It supported the 
principle of applying a chemical end that may turn out a 
vigorous antiseptic species frequently regenerated by, say the 
addition of a agent throughout lavation, or the exposure to 
ultraviolet ray which might break some strategic bond within 
the with chemicals changed fiber throughout regeneration. 
Thus, the model has on paper a vast reservoir of bactericide 
agent. The microencapsulation technique comes nearest to the 
current model, though' its reservoir of bactericide compound 
isn't unlimited. Microencapsulation, though not a chemical 
finishing method, may be a chemistry technique wherever the 
antimicrobial compound is command in an exceedingly small 
or nano capsule; because the capsules burst below agitation or 
mechanical pressure, they unharness the active compound. 
Encapsulation technology is tried to be the simplest for 
achieving sensible antimicrobial sturdiness for artificial fibres. 
Substrates like polyester, cellulosic, vinyl acetate and synthetic 
resin also can be treated. Pad covers, as an example, can be 
protected against mites and alternative microbes for over six 
years this fashion. However, this type of technology doesn't 
work well on cotton thanks to the properties of the fibre. For 
treating cotton, the microcapsules themselves area unit 
changed with multifunctional reactive teams that area unit 

capable of forming valence bonds with the fibre.(MaoJ; 2002) 
One such system contains a mix of carboxyl alkyl radical 
starch (CMS), trimethylolated base (TMM) Associate in 
Nursing Cu+ ions in presence of an acid catalyst.(Beliakova 
MK, et.al; 1998). 
 
Sturdy and Regenerable Principle 
 
Multifunctional property materials area unit usually created by 
affixation polymers and amp; photopolymers, by 
copolymerization onto the fiber or by chemical modification of 
the fiber by formation of valence bonds. Graft, homo, and/or 
copolymers area unit typically appendant to materials to form 
an absolutely or charged purposeful cluster within the fiber, 
that is then immersed in counter ions. Durable and re-
generable antibacterial drug properties are achieved by 
treatment of monomethylol-5, 5-dimethyl anticonvulsant 
(MDMH) a bi-functional compound possessing one facet 
reactive to polysaccharide and alternative facet active chemical 
element to make halamine bond (Sun and Xu, 1998), and 
(Ucarci and Seventekin, 1993). Over fifty machine washes and 
eleven regenerations with diluted bleach, the biocidal cotton 
materials possessed enough mechanical strength together with 
the antimicrobial perform. It had been found that the finished 
cotton/polyester blends exhibited higher sturdy biocidal 
properties than pure cotton materials (Sun and Xu, 1998). 
 
Agents used for Antimicrobial Finishing 
 
The following categories of compounds are investigated and 
located to possess antimicrobial properties: gentamicin (Cho, 
1997), antibiotics, trialkyl tin salts and esters, alcohols (ethyl, 
isopropyl, trichlorobutanol), aldehydes (formaldehyde, 
glutaraldehyde), thiophenols, alkylphenols, soaps of serious 
metals, thiocarbamates, serious metal inorganic salts, elite 
amines, imines and imides, elite organic structures, 
sulfanilamide, mercaptobenzotriazole, chlorinated phenols, 
alkyl radical and aryl mercury salts, dyes, surface active agents 
(quaternary ammonium ion compounds), grouping complexes, 
salicylanilides, inorganic salts organic complexes, zeolites 
(Stevanato and Tedesco,1998) and gases (ethylene compound, 
formaldehyde, beta propiolactone) (Pelezar et al., 1993) 
Textile softeners like octadecyl olefin organic compound, 
methane series condensation, and a few cationic  softeners 
additionally show varied antimicrobial action (Gagliardi,1962). 
 
Dyes as Antimicrobial Agents 
 
Azo disperse dyes developed by the reaction of 
sulfanilamidodiazonium chloride derivatives with indan-1, 3-
dione found to impart sensible biological activity on wool and 
nylon. Some dyes also can act as biocides as a result of the 
presence of metal ions like copper in their molecules. 
Masuhiro (2002) made antimicrobial silk by exploitation dyes 
with metal ions like Cr, copper and Co. Similarly, dyes that 
area unit amino derivatives of triphenyl alkane series, as an 
example good inexperienced area unit extremely active against 
bacterium and fungi. Photoactivated radical generation is 
another technique patented by FibreMark of VT has 
proprietary a way wherever the substrate is fertilized with a 
light-activated dye. On exposure to light, the dye kills a large 
vary of microorganisms and viruses (Advances Text Techno, 
August (2001)) In another procedure, dyestuff molecules are 
used as a bridging unit for incorporating quaternary 
ammonium ion salts within the development of antimicrobial 
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nylon materials (Majumdar et al., 1993). In a series of recent 
studies conducted antimicrobial properties of some 
commercially accessible natural dyes are studied. Minimum 
inhibitory concentration (MIC) of the tested dye solutions was 
found to vary between 5 metric weight unit and 40 metric 
weight unit, indicating a high efficiency against gram-positive 
and gram-negative bacterium. The textile material inseminated 
with these natural dyes, however, showed less antimicrobial 
activity, as uptake of those dyes in textile material was but the 
MIC (Singh Jain et al., 2005). 
 
Metal and Metal Salts 
 
Silver 
 
Silver kills bacterium by asphyxiation them in an exceedingly 
heat and dampish atmosphere (Achwal, 2003) (Gulrajani, 
2004) extremely bioactive silver ions bind with proteins within 
microorganism cell membranes, so inhibiting cell respiration 
and replica. Silver is 3-4 times additional active at pH 8 than at 
pH 6. Silver product area unit effective against bacterium 
however not pretty much as good against different organisms 
like fungi, mold, and mildew; they will be used with polyester 
wherever several different product cannot. Alginate and 
chitosan have additionally been accustomed create novel 
antimicrobial materials together with silver (Qin, 2004). 
 
Copper 
 
Broad spectrum antimicrobial and antimite activities are 
introduced in copper-impregnatedfibres and polyester 
merchandise for production of antiviral gloves and filters 
(which deactivate HIV-1 and different viruses), medicament 
self-sterilizing materials (which kill antibiotic- resistant 
bacteria), antifungal socks (which alleviate symptoms of 
athlete's foot), and anti-dust mite pad covers. (The FASEB J 
Express Article; 2004) Copper compounds are extensively 
used for the preservation of tents, canvas, luggage and 
geotextiles. A well-known compound copper naphthanate is 
obtainable underneath trade names, like Cuprimol and Nuodex. 
 
Chitosan – Natural and Nontoxic antimicrobial 
 
Another compound that has gained tremendous quality in 
recent years is chitosan. Chitosan, a deacetylated spinoff of 
polysaccharide, could be a natural, nontoxic, microorganism 
resistant and perishable compound. The antimicrobial property 
of cotton treated with chitosan is attributed to chitosan’s 
amino, that converts to ammonium ion salts in dilute acid 
answer notably with acid. This salt will then attach to the 
charged substance of the microorganisms and destroy the 
cytomembrane and forestall the expansion of cells by 
inhibiting polymer transcription. Chitosan binds with proteins 
and leads to selective antimicrobial activities towards fungi or 
bacterium. Lim and Hudson (2003) have reviewed extensively 
the applications of chitosan and its derivatives as antimicrobial 
agents. 
 
Polythene Glycols 
 
Cross-linked polythene glycols (PEGs) offers substantial 
resistance to most microorganisms. The property has been 
attributed to a physico-chemical development. The primary 
issue chargeable for the activity of PEG is that the thermal 
adaptively of the changed fibres and therefore the second is 

that the property of PEG to crosslink on the fiber and absorb 
considerable amounts of water. Since most microorganisms 
want wetness to proliferate, competition with the PEG for 
wetness ends up in microorganism desiccation. PEGs, whether 
or not in solid state (on fiber surface) or subtle on the fiber, 
area unit acknowledged to disrupt cell wall equilibrium by 
inflicting twin hydrophobic – deliquescent behavior (Vigo, 
1999) 
 
Novel Fibres and materials with Antimicrobial Properties 
 
Various fibres having antimicrobial properties area unit on the 
market within the market. Trevira bioactive could be a 
multifunctional polyester fiber with bioactive properties 
(Bobrowski, 2001) Brennet of European country is giving 3 
antimicrobial materials appropriate for work wear shirts and 
blouses to be used within the hospital sector supported blends 
of Trevira and cotton. Because the antimicrobial have an effect 
on is embedded within the fiber, the impact can't be washed 
out, and therefore the risk of allergies is reduced. Kimberly-
Clark have developed antimicrobial fibres by extruding a 
composition of thermoplastic polymer and antimicrobial 
chemical compound quaternary ammonium ion salts. Non-
ionic odor protection and anti-staining is manufactured by 
Thompson research Associates, Canada as a brand Ultra fresh. 
Biosil from Japan is famous bedding, towel, and 
undergarments range using quaternary ammonium compounds 
(Payne, 1996) 
 
Conclusion 
 
With the increasing demand for recent and sanitary textiles, the 
consumption of antimicrobials is increasing day by day. 
Analysis and development activity is attempting to stay pace 
by developing additional and simpler and safe solutions. 
There’s magnified interest in natural materials as probable 
sources, as well as those from animal (chitosan) and metal 
sources (copper and silver).Biological particles inheriting 
antimicrobial properties such as Azadirachta indica (Neem), 
Curcuma longa (turmeric), and Honey a biological byproduct, 
can also play a major role in medical textile productions with a 
non-expensive and effective way.The sector continues to be 
one among the foremost dynamic and one that has to be 
unbroken a watch on for newer and innovative technologies. 
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