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Abstract Bamboo viscose, a new cellulose-based

textile material was investigated for biomedical

applications such as ultraviolet protective ability

and antimicrobial activity. Untreated bamboo viscose

fabric was found to afford poor protection against UV

radiation and also possessed minimal antimicrobial

properties. To enhance UV protection characteristics,

fabrics were subjected to different treatments viz.,

dyeing; finishing with commercial UV absorbers; and

one-bath dyeing and finishing with UV absorber.

Treatment conditions were optimized with regard to

the concentration of UV absorber and dye. Results

obtained showed that the UPF values increase with

increase in UV absorber and dye concentration.

Subsequently, a single bath process to apply both

antimicrobial and UV protective treatments to bam-

boo fabric was studied. Results showed that both

treatments are compatible for application from a

single bath. The effectiveness of the antimicrobial

agent was not adversely affected by the presence of

an UV absorber and the treated fabric also retained

excellent UV protective properties.
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Introduction

Bamboo viscose is a new regenerated cellulosic fiber

that has recently evinced keen interest primarily

because the bamboo plant is a fast-growing renew-

able resource and therefore, the fiber can arguably be

considered a ‘‘sustainable’’ fiber (Scurlock et al.

2000; Devi et al. 2007). Structurally, bamboo viscose

is cellulose II with a low degree of crystallinity and

high water retention and release ability (Xu et al.

2007). As a result, the fiber possesses desirable

comfort properties such as good moisture absorption

and permeability; aesthetic properties such as soft

handle and pleasing tactile sensation (Shen et al.

2004) and can be processed easily because of its

excellent dyeing and finishing abilities.

Another feature of bamboo viscose fiber that has

garnered considerable attention is claims about its

protective abilities, namely that the fiber possesses UV

properties and antimicrobial function that are inherited

from the bamboo plant itself (Xu et al. 2007; Li et al.

2004). The reasons behind the assertions are that
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bamboo plants flourish without the need for pesticides

and are not attacked by pathogens and therefore, by

extension, bamboo viscose fiber most likely possesses

similar properties. However, there is a paucity of

literature in this area and therefore the need for

additional inquiry. In this study, we initially investi-

gated the UV and antimicrobial properties of untreated

bamboo viscose fabric. Subsequently, methods to

impart and enhance UV property and antimicrobial

activity via a single bath process using conventional

additives such as dyes, UV absorbers and antimicrobial

agents were examined.

Experimental

Materials

A 100% bamboo viscose knit single jersey with no

previous finishing treatment (thickness 0.66 mm,

weight 153 g/m2) was sourced from China for the

study. A fiber-reactive dye (CI Reactive Violet 1) was

used for dyeing. Rayosan� (Clariant Corporation,

Charlotte, NC) and UV-Sun� Cel (Huntsman Textile

Effects, Charlotte, NC) were the two UV absorbers

chosen because of their widespread use in the

industry. The antimicrobial agent used was Tinosan�
(Ciba Specialty Chemicals Corporation, NC). The

chemical composition of the commercial UV absorb-

ers and the antimicrobial agent is proprietary. How-

ever, it is reported in literature that Rayosan� is a

triazine derivative and the active ingredient in

Tinosan� is 5-chloro-2-(2,4-dichlorophenoxy phe-

nol). Staphylococcus aureus (ATCC� 6538, PML

Microbiologicals, Wilsonville, OR, USA) and Esch-

erichia coli (ATCC� 25922, PML Microbiologicals,

Wilsonville, OR, USA) were the two microorganisms

used in the study. S. aureus is a gram-positive

bacterium and E. coli is a gram-negative bacterium.

Standard microbiological procedures were employed

to maintain cultures of the bacteria in the laboratory.

Methods

Fabric dyeing

Fabric samples were dyed as received without prior

preparatory treatments. Dyeing was done by employ-

ing the traditional reactive dyeing procedure. The

concentration of dye was varied between 1 and 4%

(on weight of fabric). Conditions of dyeing were as

follows: Glauber’s salt 60 g/L, caustic soda 4 ml/L,

temperature 70 �C, time 60 min.

Application of UV absorbers

The UV absorbers were applied by the exhaust

method. Concentration of UV absorber varied from 1

to 4% (on weight of fabric). The fabric samples were

introduced in the bath containing the UV absorber

and circulated for 10 min. Glauber’s salt (60 g/L)

was gradually added and the temperature of the bath

was raised to 70 �C. Four milliliters per liter caustic

soda was then added and application continued

further. Total treatment time was 60 min. Finally,

the bath was cooled and the fabric samples were

rinsed and air dried.

Single bath dyeing and application of UV absorber

For simultaneous dyeing and application of UV

absorber, baths were prepared containing the dye and

UV absorber prior to introduction of fabric samples in

the bath. All other conditions remained the same.

Antimicrobial treatment

Fabric samples were treated with 1–4% of the

antimicrobial agent (on weight of fabric) in a bath

containing the optimum concentration of dye and UV

absorber determined previously. After treatment,

fabric samples were rinsed and air dried.

Determination of ultraviolet protection factor

Ultraviolet Protection Factor (UPF) is the scientific

term used to indicate the amount of UV protection

provided to skin by fabric. UPF is defined as the ratio

of the average effective UV irradiance calculated for

unprotected skin to the average UV irradiance

calculated for skin protected by the test fabric (Crews

et al. 1999; Hatch 2001). The higher the value, the

longer a person can stay in the sun until the area of

skin under the fabric becomes red (Crews et al. 1999;

Hatch 2001). An effective UVR dose (ED) for

unprotected skin is calculated by convolving the

incident solar spectral power distribution with the

relative spectral effectiveness function and summing
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over the wavelength range 290–400 nm. The calcu-

lation is repeated with the spectral transmission of the

fabric as an additional weighting to get the effective

dose (EDm) for the skin when it is protected. The UPF

is defined as the ratio of ED to EDm and calculated as

follows (Gies et al. 1994):

UPF ¼ ED

EDm
¼
P400nm

290nm EkSkDk
P400nm

290nm EkSkDk

ð1Þ

where Ek is the erythemal spectral effectiveness, Sk is

the solar spectral irradiance in W m-2 nm-1, Tk is

the spectral transmittance of fabric, Dk is the

bandwidth in nm, k is the wavelength in nm.

UPF’s were measured in vitro using a labsphere�
UV-100F Ultraviolet Transmission Analyzer. Fabrics

with a UPF value in the range 15–24 are classified as

having ‘‘Good UV Protection’’; when the UPF values

are between 25 and 39 fabrics are classified as having

‘‘Very Good UV Protection’’ and ‘‘Excellent UV

Protection’’ classification is used when the UPF is 40

or greater (Hatch 2003). Color strength was evaluated

using K/S values generated by a HunterLab Color-

Quest XE diffuse/8� spectrophotometer. K/S is a

function of color depth and is represented by the

equation of Kubelka and Munk (Eq. 2). Higher the

value of K/S greater is the color strength.

K

S
¼ ð1� RÞ2

2R
ð2Þ

where R is the reflectance of the dyed fabric, K is the

sorption coefficient, and S is the scattering coeffi-

cient. The spectrophotometer was standardized for a

1 in. diameter specimen viewing aperture in reflec-

tance—specular included mode. Illuminant D65 and

CIE 10� observer were used.

Determination of antimicrobial activity

Five streaks of the microorganisms were inoculated on

nutrient agar plates (peptone 5 g/L, beef extract 3 g/L,

nutrient agar 15 g/L, NaCl 8 g/L, pH 6.8 ± 0.1).

Fabric samples of were then placed in intimate contact

with the bacteria inoculated agar. The plates were

incubated for 24 h at 37 �C. At the end of this period

the plates were examined for presence of clear area of

interrupted growth underneath and adjacent to the test

fabric which gave an indication of the antibacterial

activity of the fabric. Evaluation of treated fabrics was

done by calculating the zone of inhibition of the

samples using Eq. 3. An inhibition zone[2 mm was

taken as an indication of antimicrobial effect.

W ¼ T � Dð Þ
2

ð3Þ

where W is the width of clear zone of inhibition in

mm, T is the total diameter of test specimen and clear

zone in mm, D is the diameter of the test specimen in

mm.

Results and discussion

Ultraviolet protection

Initial investigations regarding the UV protective

property of untreated bamboo viscose fabric samples

showed that the fabric afforded poor protection

against ultraviolet radiation. The UPF value of

untreated fabric was 8.9. An UPF value\15 indicates

no protection against transmission of UV radiation

through fabric and onto skin. However, it has been

well documented that UV protective properties of

cellulosic fibers and fabrics can be enhanced by

application of dyes and/or UV absorbers. Conse-

quently, this approach was followed to improve the

UPF of the bamboo viscose fabric.

Mean ultraviolet protection factor values at differ-

ent dye concentrations and corresponding K/S values

are given in Table 1. As reflected in the data, dyeing

significantly improves the UV protective property of

bamboo viscose fabric samples. The UPF value

increases to 15.6 (Good UV protection) at a 2% dye

(on weight of fabric) concentration and further to

25.8 (Very Good UV protection) at 6% concentration

of dye (on weight of fabric). Dyes act as effective UV

absorbers because the absorption band for all dyes

Table 1 Effect of dyeing on UV protective property of bam-

boo viscose fabric

Dye concentration

(%, on weight of fabric)

Ultraviolet protection

factor (UPF)

K/S

Untreated fabric 8.9 0.20

2 15.6 1.89

4 23.9 2.67

6 25.8 3.32
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extends into the UV radiation band (290–400 nm).

The hue of the dye also has an effect on the UPF

value. For fabrics of identical weight and construc-

tion, darker colored fabrics give higher UPF values

than lighter shades (Pailthorpe 1998; Capjack et al.

1994; Gies et al. 1994).

Treatment with the two UV absorbers also

enhances the UPF values as seen in Table 2. As with

dyeing, the improvement in UV property is a function

of concentration of UV absorber. In the case of

Rayosan�, the UPF value obtained is 32.9 (Very

Good UV protection) at 6% concentration. With UV-

Sun� Cel, ‘‘Excellent UV protection’’ ([40.0) was

obtained at 4% (on weight of fabric) concentration.

UV absorbers are effective since their chromophore

systems absorb in the 290–400 nm UV band region

of the electromagnetic spectrum (Reinert et al. 1997).

Combining several processing steps to reduce time

and cost is preferred in the textile industry and so the

synergistic effect of dyeing and UV absorber treat-

ment from a single bath was explored. Results are

shown in Table 3. It was found that dyeing and

application of UV absorber in tandem works excel-

lently for bamboo viscose fabric and indeed enhances

the UV protective ability better than either dyeing or

application of UV absorbers alone. At 4% (on weight

of fabric) concentration of dye and either UV

absorber, UPF values obtained were [40 indicating

‘‘Excellent UV protection’’.

Antimicrobial protection

Initial examination of antimicrobial activity of bam-

boo with no antimicrobial treatment revealed little

action against S. aureus and E. coli. A zone of

inhibition was observed adjacent to the fabric but

there was growth underneath the fabric (Fig. 1).

Treatment of fabric with 2% (on weight of fabric)

Tinosan� yielded a clear area of interrupted growth

underneath and adjacent to the test fabric (Fig. 2).

The zone of inhibition was 23.1 mm for S. aureus and

16.5 mm in the case of E. coli, both concrete

indicators of excellent antimicrobial action.

Having established that treatment with an antimi-

crobial agent was necessary to impart antimicrobial

property to bamboo viscose fabric, the next set of

experiments were directed towards incorporating the

antimicrobial agent in the bath containing 4% dye

and 4% UV absorber (on weight of fabric). The

antimicrobial agent concentration was varied from 1

to 4% (on weight of fabric). Results of evaluation of

antimicrobial activity and UV protective property of

the fabric samples treated in this single bath are

shown in Table 4. The data show that combining the

Table 2 Effect of UV absorber application on UV protective

property of bamboo viscose fabric

UV absorber concentration

(%, on weight of fabric)

Ultraviolet protection

factor (UPF)

Rayosan� UV-Sun� Cel

2 19.4 29.7

4 26.5 42.3

6 32.9 –

Table 3 Effect of single bath dyeing and application of UV

absorber on UV protective property of bamboo viscose fabric

Dye concentration

(%, on weight of

fabric)

UV absorber

concentration

(%, on weight

of fabric)

Ultraviolet

protection

factor

(UPF)

Rayosan� UV-Sun� Cel

2 2 – 27.9

4 2 – 33.8

2 4 – 40.1

4 4 – 44.1

4 – 4 [50.0 Fig. 1 Antimicrobial property of untreated bamboo viscose

fabric
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three treatments in a single bath resulted in lower

ultraviolet properties than that obtained via separate

treatments for the 4% dye/4% Rayosan�/4% Tino-

san� combination. Of practical implication, how-

ever, is that even the lower UPF value of 37.5 is still

in the range of ‘‘Very Good UV Protection’’ category.

For the 4% dye/4% UV-Sun� Cel/4% Tinosan�
combination, UPF values were not affected. Addi-

tionally, the antimicrobial activities for all combina-

tions of dye/UV absorber/antimicrobial agent were

excellent as evidenced by the large zones of inhibi-

tion. Representative pictures of the zone of inhibition

for fabric samples treated with 4% dye/4% UV

absorbers/4% antimicrobial agent combinations are

shown in Figs. 3 and 4. A single bath process for

imparting antimicrobial activity and UV protective

property to bamboo viscose fabric is therefore,

feasible and in fact may be warranted to reduce costs

and processing times. The additives are compatible

since no chemical interaction in the solution was

observed. Additionally, protective properties were

not sacrificed as the effectiveness of the antimicrobial

agent was not adversely affected by the presence of

an UV absorber and the treated fabric also retained

excellent UV protective properties.

Conclusions

Untreated bamboo viscose fabric in this study did not

posses inherent UV protective property and also

showed minimal antimicrobial activity towards

S. aureus and E. coli. These desirable properties

Fig. 2 Antimicrobial property of bamboo viscose fabric

treated with 2% Tinosan� Fig. 3 Antimicrobial property of bamboo viscose fabric treated

with 4% reactive dye ? 4% Rayosan� ? 4% Tinosan�

Table 4 Antimicrobial

activity and UV property

of bamboo viscose fabric

on treatment in a single

bath containing reactive

dye ? UV absorber ?

antimicrobial agent

Treatment combinations

(on weight of fabric)

Mean zone of inhibition (mm) Ultraviolet protection

factor (UPF)
S. aureus E. coli

Untreated fabric 2.0 5.7 8.9

4% dye/4% Rayosan�/1% Tinosan� 9.3 6.3 30.6

4% dye/4% Rayosan�/2% Tinosan� 12.5 8.3 35.2

4% dye/4% Rayosan�/3% Tinosan� 14.0 9.2 36.4

4% dye/4% Rayosan�/4% Tinosan� 17.0 11.2 37.5

4% dye/4% UV-Sun� Cel/1% Tinosan� 13.0 6.2 42.4

4% dye/4% UV-Sun� Cel/2% Tinosan� 14.3 7.0 [50.0

4% dye/4% UV-Sun� Cel/3% Tinosan� 17.0 10.3 [50.0

4% dye/4% UV-Sun� Cel/4% Tinosan� 17.5 10.5 [50.0
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were, however, easily imparted via treatment from a

single bath containing a reactive dye, UV absorber

and an antimicrobial agent. From the results of this

study, a bath containing 4% dye/4% UV absorber/4%

antimicrobial agent on weight of fabric seems to be

the optimum combination to introduce multi-func-

tional protective properties viz., UV and antimicro-

bial protection to bamboo viscose fabric. Future

studies should be conducted towards determining the

durability of these treatments to washing and expo-

sure to light.

Acknowledgments This research was supported by the

United States Department of Agriculture Multi-State

Research Project S-1026 (Textile Materials and Technologies

addressing Energy, Health and other National Security Issues)

via a grant by the Colorado Agricultural Experiment Station.

References

Capjack L, Kerr N, Davis S, Fedosejevs R, Hatch KL, Markee

NL (1994) Protection of humans from ultraviolet radiation

through the use of textiles: a review. Fam Consum Sci Res

J 23:198–218. doi:10.1177/1077727X94232007

Crews PC, Kachman S, Beyer AG (1999) Influences on UVR

transmission of undyed woven fabrics. Textile Chemist

Colorist 31:17–26

Devi RM, Poornima N, Guptan PS (2007) Bamboo—the nat-

ural green and eco-friendly new-type textile material of

the 21st century. J Textile Assoc 67:221–224

Gies HP, Roy CR, Elliot G, Wang Z (1994) Ultraviolet radi-

ation factors for clothing. Health Phys 67:131–139. doi:

10.1097/00004032-199408000-00003

Hatch KL (2001) Fry not! UV-protective textile standards.

ASTM Stand News 29(1):18–21

Hatch KL (2003) Making a claim that a garment is UV pro-

tective. AATCC Rev 3:23–26

Li R, Liu G, Liu C, Wang R (2004) Research on bamboo pulp

fiber’s textile performances. In Proceedings of The Textile

Institute 83rd world conference, Shanghai, China

Pailthorpe M (1998) Apparel textiles and sun protection: a

marketing opportunity or a quality control nightmare?

Mutat Res 422:175–183. doi:10.1016/S0027-5107

(98)00190-0

Reinert G, Fuso F, Hilfiker R, Schmidt E (1997) UV-protecting

properties of textile fabrics and their improvement. Tex-

tile Chemist Colorist 29:36–43

Scurlock JMO, Dayton DC, Hames B (2000) Bamboo: an

overlooked biomass resource? Biomass Bioenergy

19:229–244. doi:10.1016/S0961-9534(00)00038-6

Shen Q, Liu DS, Gao Y, Chen Y (2004) Surface properties of

bamboo fiber and a comparison with cotton linter fibers.

Colloids Surf B Biointerfaces 35:193–195. doi:

10.1016/j.colsurfb.2004.04.002

Xu Y, Lu Z, Tang R (2007) Structure and thermal properties of

bamboo viscose, tencel and conventional viscose fiber. J

Therm Anal Calorim 89:197–201. doi:10.1007/

s10973-005-7539-1

Fig. 4 Antimicrobial property of bamboo viscose fabric

treated with 4% reactive dye ? 4% UV-Sun� Cel ? 4%

Tinosan�

928 Cellulose (2009) 16:923–928

123

http://dx.doi.org/10.1177/1077727X94232007
http://dx.doi.org/10.1097/00004032-199408000-00003
http://dx.doi.org/10.1016/S0027-5107(98)00190-0
http://dx.doi.org/10.1016/S0027-5107(98)00190-0
http://dx.doi.org/10.1016/S0961-9534(00)00038-6
http://dx.doi.org/10.1016/j.colsurfb.2004.04.002
http://dx.doi.org/10.1007/s10973-005-7539-1
http://dx.doi.org/10.1007/s10973-005-7539-1

	Single bath process for imparting antimicrobial activity �and ultraviolet protective property to bamboo viscose fabric
	Abstract
	Introduction
	Experimental
	Materials
	Methods
	Fabric dyeing
	Application of UV absorbers
	Single bath dyeing and application of UV absorber
	Antimicrobial treatment
	Determination of ultraviolet protection factor
	Determination of antimicrobial activity


	Results and discussion
	Ultraviolet protection
	Antimicrobial protection

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


