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Cotton knitted fabrics were manufactured with gauge number 20 G by circular knitting machine with
conventional ring spun yarn and torque-free ring spun yarn. Torque-free ring spinning is a new spinning
technology that produces yarns with low twist and balanced torque. This study examined whether the
impact of biopolishing and UV absorber treatment on UV protection properties on cotton knitted fabric
made of torque-free ring spun yarn is different. Biopolishing agent and UV absorber were used to treat
the cotton knitted fabrics after scouring and bleaching. The UV protection properties were measured in
terms of UV protection factor (UPF) and UV ray transmittance. Experimental results revealed that knitted
fabric made from torque-free ring spun has better UPF than knitted fabric made from conventional ring
Biopolishing spunyarn in untreated and biopolished states. However, knitted fabric made from conventional ring spun
UV absorber yarn has better UPF than knitted fabric made from torque-free ring spun after UV absorber treatment
UPF and combined UV absorber and biopolishing treatment.
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1. Introduction

The application of enzymes in textile processing started in the
middle of 19th century when malt extract was used for desizing
of some textiles (Aly, Moustafa, & Hebeish, 2004; Guebitz, Buchert,
Cavaco-Paulo, & Heine, 2006). In the last few decades, enzymes
have increasingly developed and been used for pretreatment to
finishing processes (Parvinzadeh, 2007; Parvinzadeh, Assefipour, &
Kiumarsi, 2009; Parvinzadeh, Assefipour, Kiumarsi, & Parvinzadeh,
2013).0ne of the important enzymes called cellulase has been com-
monly used in knitted fabric processing to enhance smoothness
(Kan & Wong, 2011). Cellulase can remove fuzzy fibre and pills from
the surface, decreasing the pilling and providing a soft hand and feel
(Cavaco-Paulo, Almeid, & Bishop, 1996; Tyndall, 1990). This process
is called bio-polishing. Cotton’s chemical composition is pure cel-
lulose, consisting of highly ordered crystalline region and loosely
structured amorphous region. The amorphous region is responsible
to form the fuzz and pilling on fabric surface. The use of cellulase
is responsible for degradation of the amorphous region with mini-
mum weight loss. Therefore, use of cellulase for biopolishing helps
removal of surface fibrils, small protruding fibres, seed coat frag-
ments and other natural impurities of cotton fibre (Anish, Rahman,
& Rao, 2007).

Previous findings have stated that the biopolishing action of
cellulase on cotton results in significant structural changes in the
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treated fabric (Buschle-Diller, Zeronian, Pan, & Yoon, 1994; Haga &
Takagishi, 2001) and improves the subsequent chemical processing
(Kan, Yuen, & Lam, 2009; Kan, Yuen, Lam, & Chan, 2009). However,
little discussion has been reported on the effect of biopolishing and
UV treatment on anti-UV properties of cotton knitted fabric. In this
study, two types cotton knitted fabrics were made from conven-
tional ring spun yarn and torque-free ring spun yarn. Torque-free
ring spinning is a new spinning technology that produces yarns
with low twist and balanced torque (Tao, Lo, & Lau, 1997a, 1997b;
Wong et al., 2004). The mechanical properties, especially softness
of the fabric produced by torque-free ring spinning method are
similar to conventional ring spun fabric (Wong et al., 2004). This
study examined whether the impact of biopolishing and UV treat-
ment on anti-UV properties would be different on cotton knitted
fabric made of torque-free ring spun yarn. Biopolishing agent and
UV absorber are used to treat scoured and bleached cotton knitted
fabrics in order to understand their effect on UPF values of treated
fabrics. The purpose of this study is thus to investigate the influ-
ence of biopolishing agent and UV absorber on anti-UV properties,
expressed as UV protection factor (UPF) and UV ray transmittance
of cotton knitted fabrics made from conventional ring spun yarn
and torque-free ring spun yarn with the same knitting.

2. Experimental
2.1. Material and fabric preparation

Plain knitted fabrics were produced with circular knitting
machine (DXC Fukuhara) with gauge number 20 and with yarn
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Table 1
Specifications of the knitted fabrics.

Table 2
AS/NZS 4399 UPF classification system.

Fabric 1 2 UPF range UVR protection category Effective UVR transmission (%)
Fabric weight (g/m?) 178.0 157.5 15-24 Good protection 6.7-4.2
Fabric thickness (mm) 0.82 0.90 25-39 Very good protection 41-2.6
Fabric density 40-50, 50+ Excellent protection <25
Courses per cm 14 12
Wales per cm 13 11
Number of twist per cm 6.92 4.68 2.4. UPF measurement

count of 30 tex. (The yarns were provided by Central Textiles (H.K.)
Ltd.) Fabric specifications are listed in Table 1. The major difference
between Fabric 1 and Fabric 2 is the amount of twist in the yarn.
In this paper, yarn twist level is defined as the number of twists
per 1cm of yarn. The yarn in Fabric 1 was made by conventional
ring spun yarn while Fabric 2 was manufactured by torque-free
ring spun yarn. As indicated in Table 1, yarn of Fabric 2 had lower
twist.

Fabrics were scoured and bleached by hydrogen peroxide
(50%) (12ml/L), detergent (Sandopan DTC) (0.5 g/L), sodium sili-
cate (0.5 g/L), stabilizer AWN (0.5 g/L) and with caustic soda added
to the liquor until the pH reached 10. The fabrics were scoured and
bleached in the same bath for 60 min. The liquor-to-goods ratio
was 50:1. After scouring and bleaching, the fabrics were rinsed
thoroughly first with hot water and then cold water. Finally, the fab-
rics were neutralized with cold dilute acid solution (0.5% H;SO4).
The fabrics were rinsed again with tap water, until they were
free from acid and were air dried. The fabrics were conditioned
under standard atmospheric conditions, 20 £ 2 °C temperature and
65 + 2% relative humidity for at least 24 h before use.

2.2. Biopolishing process

The biopolishing process was carried out with the use of Bac-
tosol CNX (an acid cellulase). A bath was prepared in an oscillating
machine with a liquor-to-goods ratio of 50:1. Fabric with weight
of 2g was used. The bath was initially set at 40°C and the fab-
rics were added into the bath. Then the bath temperature was
increased steadily to 60 °C within 10 min. When the bath temper-
ature reached 60°C, 1% (owf) Bactosol CNX was added and the pH
was adjusted to 4.5-5.5 with buffer solution. After adding the Bac-
tosol CNX, the biopolishing treatment was carried out for further
60 min. After biopolishing treatment, the fabrics were rinsed with
deionized water to lower the temperature quickly and to wash
away abraded fibres attached on fabrics. The fabrics were then
treated with deionized water at 80°C to deactivate the enzyme
action. After that the fabrics were squeezed to remove excessive
water and were dried in an oven at a temperature of 70°C. After
drying for 2 h in the oven, the fabrics were placed for conditioning
under standard atmospheric pressure at a temperature of 20 +£2°C
and 65 + 2% relative humidity for at least 24 h before further use.

2.3. UV absorber treatment

In order to apply UV absorbing agent to the fabric, a bath
of liquor-to-goods ratio of 50:1 was prepared. Initially, the bath
temperature was set at 40°C for the whole treatment and 60 g/L
Glauber’s salt was added, together with the fabric. After running for
5min, 1% (owf) Rayosan C (UV absorber) was added. After 10 min,
6 g/L soda ash was added and the bath was then run for another
40 min. Finally, the fabrics were rinsed with hot and cold water
and dried by air. After drying, fabrics were subjected to condition-
ing under standard atmospheric pressure at 20+ 2 °C temperature
and 65 + 2% relative humidity for at least 24 h before further use.

UV properties of fabrics were evaluated by the Australian/New
Zealand standard (AS/NZS 4399) with a Varian Cary 300 Conc
UV-visible spectrometer. The UV protection properties in terms of
UV protection factor (UPF) and UV ray transmittance were mea-
sured by the spectrophotometer. Fabrics (size: 22 mm x 34 mm)
were cut out from the middle of each piece of fabric. These fab-
rics were then mounted, without tension, on the slide frames for
measurement. The UV spectrophotometer recorded the transmit-
tance between 290 nm and 400 nm at every 5 nm. For each fabric
sample, four measurements were taken and the mean UPF was
calculated according to Eq. (1) (Hoffmann, Kaspar, Gambicher, &
Altmeyer, 2000). Table 2 shows the classification system of good
sun protection according to AS/NZS 4399.
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UPF = (1)

where S; is the solar spectral irradiance (in Wm~2Nm~1), E, is the
erythemal spectral effectiveness from CIE (1987), T, is the spectral
transmission through the textile, A, is the bandwidth (in nm), A is
the wavelength (in nm).

2.5. Surface structure

Surface structure of the cotton knitted fabric was evaluated by a
Leica M125 stereomicroscope and the yarn diameter was measured
with 12.5x magnification.

3. Results and discussion

In this study, results of the four treatment conditions are dis-
cussed as follows:

(i) Control (untreated) - fabric without treatment;
(ii) Biopolishing - fabric treated with cellulase only;
(iii) UV absorber - fabric treated with UV absorber only; and
(iv) UV absorber + biopolishing - fabric treated with biopolishing
first followed by UV absorber.

3.1. Influence of biopolishing and UV absorber treatment on UPF

The results obtained from measurement of the UPF of cotton
knitted fabrics treated under different conditions are shown in
Fig. 1.

Results of UPF measurements of control fabrics are not good
which indicates that the control fabrics without any treatment do
not have UV protective ability as their UPF values are around 11-12
(<15) which cannot be classified as good protection. Meanwhile,
control fabric without treatment made from torque-free ring spun
yarn has a slightly better protection effect against UV radiation
when compared with conventional ring spun yarn.

When the knitted fabrics were treated with biopolishing agent,
UPF values increased from 11-12 to 15-17. There is an increase
of about 35% in UPF values of both types of knitted fabrics. The
increase in UPF may be due to the decrease in porosity of the knit-
ted fabric as the microfibrils protruding from the surface of the
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Fig. 1. UPF values of fabrics.

fabric were degraded and thus the knitted fabric became more
compact due to the lower porosity. The treated fabric becomes
more opaque to UV rays (Sarkar, 2007). On the other hand, the
hydration or moisture content could be another factor responsi-
ble for increasing UPF values after biopolishing. The cellulase used
in biopolishing may result in swelling of fibres due to increased
moisture absorption, thus reducing the interstices and accordingly
the UV rays transmittance (Saravanan, 2007). Moreover, biopolish-
ing is a textile wet processing technique for modification of fabric
surface appearance, hand properties and mechanical characteris-
tics of fabrics. Coefficient of friction of the fabric generally declines
after enzyme treatment, which results in smoother knitted fabric
on both face and back sides (Kan, Yuen, & Lam, 2009; Kan, Yuen,
Lam, & Chan, 2009). Consequently, smoother fibre surface reflects
more UV rays (Dong, Bai, Zhang, Liu, & Zhu, 2006) and, therefore,
there is a slight increase in UPF values after biopolishing.

In addition, Fig. 1 also shows that the presence of UV absorber
on the fabrics exhibits the outstanding improvement in UPF val-
ues compared with the control and biopolished fabrics. The control
fabrics have UPF value of only 11-12 which cannot be classified
as good protection (UPF>15). Nevertheless, fabrics treated with
UV absorber promote a very good level of protection (UP>25).
Remarkable change in UPF rating as well as in protection category
can be discussed in terms of the extent of higher UV absorption
and cutting effect induced by UV absorber. The results show that
incorporation of the UV absorber in the fabrics improves signifi-
cantly both UPF values and protection grades. The UPF value further
increases when both UV absorber and biopolishing finishing are
applied to the fabrics. This confirms that biopolishing results in a
certain degree of increase in UPF values since it reduces the coeffi-
cient of friction after enzyme treatment, which results in smoother
knitted fabric on both face and back-sides (Mori, Haga, & Takagishi,
1992).

If the yarn type is taken into consideration, UPF values of control
fabrics do not have significant difference and in the case of biopol-
ished fabrics, a similar effect was noted. However, in the case of
UV absorber treatment, although UPF values are increased for both
types of fabrics, UPF value of knitted fabric made from torque-free
ring spun yarn is lower than the one made from conventional ring
spun yarn. A similar trend is also noted in the process with both
biopolishing and UV absorber treatments. Since the conventional
ring-spun yarn has more twist than the torque-free ring spun yarn,

during wet treatment with the UV absorber, the residual torque in
the yarn is released from the conventional ring spun yarn and the
fabric becomes distorted and shrinks. Thus, the structure of knit-
ted fabrics made from conventional ring spun yarn becomes more
compact which helps resist penetration of UV rays.

3.2. Influence of UV absorber and biopolishing and UV ray
transmittance

The sun emits ultraviolet radiation across a broad spectrum
from the high energy UVC (200-290 nm) and UVB (290-320 nm)
to UVA (320-400 nm) (Snezana, Dusan, Goran, & Mateja, 2009). UV
protection textile should have as high UV rays reflecting and/or
absorbing properties as possible so that it prevents UV rays from
reaching the wearers’ skin. The key property for determining the
quality of fabric is transmittance. The UV ray transmittance of UVA
and UVB region through fabrics was evaluated in this experiment.
The less is the UV transmittance of a fabric, better is its UV pro-
tection ability. The average transmittance of untreated fabrics is
usually very high in UVB region for both fabric types (Wang, Kopf,
et al.,, 2001). To investigate the UV protection ability of biopolish-
ing and UV absorber treatment, ultraviolet transmittance spectra
of knitted fabrics with or without chemical processing were com-
pared. Figs. 2 and 3 show the calculated average transmittance in
the UV radiation region which separates into UVA and UVB regions
of Fabrics 1 and 2, respectively. As shown in Figs. 2 and 3, there
is a significant difference between control and treated knitted fab-
rics in the ultraviolet transmittance spectra. The control fabric has
a high ultraviolet transmittance. The ultraviolet transmittance of
the control fabric was about 12-18%. This indicates that the resis-
tance of control fabrics to ultraviolet radiation was not very good.
However, after biopolishing and UV absorber treatments, ultra-
violet transmittance decreased accordingly. The presence of UV
absorber considerably decreases transmittance values along the
wavelengths within the ultraviolet region because the UV absorber
used is a heterocyclic compound, which forms a covalent bond with
the macromolecule of cellulose (Todorova & Vassileva, 2003). Par-
ticularly in UVB region (280-320 nm), decrease of UV transmission
is very remarkable due to increased absorption of UV light by the
UV absorber. Moreover, fabric treated with UV absorber resulted in
a filtration effect of the harmful UV light.
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Fig. 2. Ultraviolet transmittance of Fabric 1.

UV absorber absorbs a great amount of UV radiation in the UVB
zone which is considered as the most dangerous wavelengths in
the UV region. Moreover, UVB radiation is more effective in caus-
ing sunburn than UVA radiation, approximately 1000 times (Wang,
Setlow, et al., 2001). The average transmittance further decreased
when the biopolishing finishing was applied. The most probable
explanation is that hydration or moisture content after biopolishing
treatment could be a factor in increasing UPF values (Sarkar, 2007)
because the fibre swells due to increased moisture absorption and
therefore interstices and UV transmittance are reduced (Saravanan,
2007). A synergetic effect of two chemicals (UV absorber and
biopolishing agent) is observed and thus the blocking of UV radi-
ation is accelerated when the UV absorber and biopolishing finish
are added simultaneously.

When the yarn spinning method is taken into consideration, the
control fabric made from torque-free ring spun yarn has a lower
ultraviolet transmittance in the UVB region than the one made
from conventional ring spun yarn. If a yarn with lower twist is
used, the cohesion of fibre in the yarn is not strong when com-
pared with high twist yarn. Hence, bulkiness of the yarnis increased
and more surface fibre is found in the yarn surface. When light rays
impinge upon the yarn, the light is reflected and therefore influenc-
ing the UV ray absorbing property (Kim et al., 2004). Therefore, the

control fabric made from torque-free ring spun yarn achieves a bet-
ter UVB shielding than the fabric made from conventional ring spun
yarn.

3.3. Surface morphology after UV absorber and biopolishing
treatments

Surface morphology and inter-fibre pores of knitted fabrics
before and after various finishing treatments were assessed visu-
ally by a microscope with magnification of 25 (micrographs are
shown in Fig. 4). The micrograph shows the nature of treatment
and its effect on fabric surface. After biopolishing, physical charac-
teristics of the knitted fabric were modified as they released tension
and redistributed the stress applied (Mori et al., 1992). Generally
speaking, the hairy surface of the yarns contributes to the hairy
surface of the knitted fabrics (Fig. 4(a) and (e)). It is assumed that
the losse fibre can be removed by enzyme during biopolishing and
thus the fibre ends from the fabric surface shift to the inter-yarn
pores contributing additionally to the closing of structure after
biopolishing. This assumption is confirmed by visual examination
of the fabrics. Micrographs of cotton knitted fabrics before and after
biopolishing treatment (Fig. 4) show that there is less hairiness in
biopolishing treated fabrics (Fig. 4(b) and (f)) than in untreated
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Fig. 3. Ultraviolet transmittance of Fabric 2.
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Fig. 4. The fabric surface of knitted fabrics before and after UV absorber and biopolishing treatment.

fabrics (Fig. 4(a) and (e)). The protruding fibres of treated fab-
rics were removed and thus the inter-yarn pores could interlay
together. Moreover, the more compact structure reduces poros-
ity of the fabric and reduces UV ray transmittance, enabling the

increase of UPF which is discussed in the previous section. As the
protruding fibres were removed, geometrical roughness decreased
after the fabrics were biopolished. That means the enzyme treated
fabric becomes smoother and has a cleaner surface which enhances
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Table 3
Yarn diameter under different treatment conditions.

Sample Treatment condition

Untreated Biopolishing UV absorber UV absorber + biopolishing
Fabric 1 0.50 mm 0.53 mm (16%) 0.60 mm (120%) 0.75 mm (150%)
Fabric 2 0.52 mm 0.54 mm (13.8%) 0.58 mm (111%) 0.65 mm (125%)

UV rays reflection from the fabric surface to increase the UPF
(Vankar & Shanker, 2008).

For UV absorber treated (Fig. 4(c) and (g)) and UV
absorber +biopolishing treated fabrics (Fig. 4(d) and (h)), the
structure of Fabric 1 is more packed than Fabric 2 because the
residual torque was released from the conventional ring spun
yarn and the fabric has become distorted and shrunk. Thus, the
structure of knitted fabrics made from conventional ring spun
yarn becomes more compact to resist the penetration of UV rays.
In addition, more pores are observed in Fabric 2 than Fabric 1.
Both factors may be contributed from the distortion and shrinkage
effect of Fabric 1. The distortion and shrinkage effect may block
UV rays transmission in the fabric and thus increase the UPF value
of the fabric.

Table 3 shows the results of yarn diameter under different treat-
ment conditions as measured from Fig. 4. The experimental results
revealed that the yarn diameters are increased under different
treatment conditions. The conventional ring spun yarn has more
residual torques than the torque-free ring spun yarn. When cotton
absorbs moisture or water, it will swell and the residual torques
were released which explains why the yarn diameter increased
after different treatments. The conventional ring spun yarn has
a greater increment in yarn diameter when compared with the
torque-free ring spun yarn under different treatment conditions
because more residual torques were released to increase the yarn
size. Thus, the increase in yarn diameter will reduce inter-yarn
space and then the structure of the knitted fabrics made from con-
ventional ring spun yarn becomes more compact to prevent the
penetration of UV rays. In addition, lesser pores are observed in
Fabric 1 than Fabric 2 due to the compact fabric structure. Both fac-
tors may contribute to the blocking of UV rays transmission in the
fabric and thus increase the UPF value of the fabric.

4. Conclusion

This study examined the effect of UV absorber and biopolish-
ing on UPF value, UV ray transmittance and surface morphology of
cotton knitted fabrics made from torque-free ring spun yarn and
conventional ring spun yarn, in order to assess the UV protection
ability of knitted fabrics. The results confirmed that biopolishing
has positive effects on increasing UPF value of cotton knitted fab-
ric. A synergetic effect of UV absorber and biopolishing on UPF of
treated knitted fabric was observed. It was confirmed that blocking
of UV radiation is accelerated when the UV absorber and biopolish-
ing treatment are conducted together. In addition, it was noted that
the torque-free ring spun yarn itself could produce knitted fabrics
with good UVB protection.

References

Aly, A. S., Moustafa, A. B., & Hebeish, A. (2004). Bio-technological treatment of cel-
lulosic textiles. Journal of Cleaner Production, 12(7), 697-705.

Anish, R., Rahman, M. S., & Rao, M. (2007). Application of cellulases from an alka-
lothermophilic thermomonospora in biopolishing of denims. Biotechnology and
Bioengineering, 96(1), 48-56.

Buschle-Diller, G., Zeronian, S. H., Pan, N., & Yoon, M. Y. (1994). Enzymatic hydrolysis
of cotton, linen, ramie, and viscose rayon fabrics. Textile Research Journal, 64,
270-279.

Cavaco-Paulo, A., Almeid, L., & Bishop, D. (1996). Cellulase activities and finishing
effects. Textile Chemist Colorist, 28(6), 28-32.

Dong, Y., Bai, Z., Zhang, L., Liu, R., & Zhu, T. (2006). Finishing of cotton fabrics with
aqueous nano-titanium dioxide dispersion and the decomposition of gaseous
ammonia by ultraviolet irradiation. Journal of Applied Polymer Science, 99(1),
286-291.

Guebitz, G. M., Buchert, ]., Cavaco-Paulo, A., & Heine, E. (2006). Advances in biotech-
nology for fibre processing. Biotechnology Letters, 28, 679-680.

Haga, T., & Takagishi, T. (2001). Structural change in mercerized cotton fibers on
cellulase treatment. Journal Applied Polymer Science, 80, 1675-1680.

Hoffmann, K., Kaspar, K., Gambicher, T., & Altmeyer, P. (2000). In vitro and in vivo
determination of the UV protection factor for lightweight cotton and viscose
summer fabrics: A preliminary study. Journal of the American Academy of Der-
matology, 43(6), 1009-1016.

Kan, C.W., Yuen, C. W. M., & Lam, Y. L. (2009). A study of enzyme treatment and dye-
ing process on the mechanical properties of linen fabric. Coloration Technology,
125(5), 269-276.

Kan, C. W,, Yuen, C. W. M,, Lam, Y. L., & Chan, C. K. (2009). Effect of enzymatic treat-
ment and reactive dyeing on the low stress mechanical properties of linen fabric.
Fibers and Polymers, 10(3), 325-332.

Kan, C. W.,& Wong, W.Y.(2011). Colour properties of cellulase treated cotton denim
fabric manufactured by torque-free ring spun yarn. Textile Research Journal,
81(9), 875-882.

Kim, ]. ]., Shin, K. L, Ryu, H. S., Kim, E. A,, Lee, M., & Oh, K. W. (2004). Luster properties
of polyester filament yarn woven fabrics. Textile Research Journal, 74(1), 72-77.

Mori, R., Haga, T., & Takagishi, T. (1992). Relationship between cellulase treatment
and direct dye dyeing. Journal of Applied Polymer Science, 45, 1869-1872.

Parvinzadeh, M. (2007). Effect of proteolytic enzyme on dyeing of wool with madder.
Enzyme and Microbial Technology, 40, 1719-1722.

Parvinzadeh, M., Assefipour, R., & Kiumarsi, A. (2009). Biohydrolysis of nylon 6,6
fiber with different proteolytic enzymes. Polymer Degradation and Stability, 94,
1197-1205.

Parvinzadeh, M. G., Assefipour, R., Kiumarsi, A., & Parvinzadeh, M. G. (2013).
Enzymatic surface hydrolysis of polyamide 6,6 with mixtures of proteo-
lytic and lipolytic enzymes. Preparative Biochemistry and Biotechnology, 43,
798-814.

Saravanan, D. (2007). UV protection textile materials. AUTEX Research Journal, 7,
53-62.

Sarkar, A. K. (2007). On the relationship between fabric processing and ultraviolet
radiation transmission. Photodermatology, Photoimmunology & Photomedicine,
23(5),191-196.

Snezana, B.S., Dusan, P., Goran, B. P., & Mateja, B. (2009). Ultraviolet protection factor
of gray state plain cotton knitted fabrics. Textile Research Journal, 79, 1034-1042.

Tao, X. M., Lo, W. K,, & Lau, Y. M. (1997a). Torque-balanced singles knitting yarn
spun by unconventional systems: Part I. Cotton rotor spun yarn. Textile Research
Journal, 67(10), 739-746.

Tao, X. M., Lo, W.K,, & Lay, Y. M. (1997b). Torque-balanced singles knitting yarn spun
by unconventional systems: Part II. Cotton friction spun DREF III yarn. Textile
Research Journal, 67(11), 815-828.

Todorova, L., & Vassileva, V. (2003). A new method of determination of the UV-
radiation permeability through cotton cloth. Fibres & Textiles in Eastern Europe,
11(1),21-24.

Tyndall, R. (1990). Improving the softness and surface appearance of cotton fab-
ric and garments by treatment with cellulose enzymes. Textile Chemist Colorist,
26(6), 23-26.

Vankar, P. S., & Shanker, R. (2008). Ecofriendly ultrasonic natural dyeing of cotton
fabric with enzyme pretreatments. Desalination, 230(1-3), 62-69.

Wang, S. Q., Kopf, A. W., Marx, ], Bogdan, A., Polsky, D., & Bart, R. S. (2001).
Reduction of ultraviolet transmission through cotton T-shirt fabrics with
low ultraviolet protection by various laundering methods and dyeing: Clin-
ical implications. Journal of the American Academy of Dermatology, 44(5),
767-774.

Wang, S. Q., Setlow, R., Berwick, M., Polsky, D., Marghoob, A. A., & Kopf, A. W. (2001).
Ultraviolet A and melanoma: A review. Journal of the American Academy of Der-
matology, 44(5), 837-846.

Wong, K. K, Hua, T., Leung, C. L., Murrells, C. M., Xu, B. G., Yang, K., et al. (2004). A
new ring-spinning technique. Textile Asia, 35(6), 27-28.


http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00936-3/sbref0135

	Effect of biopolishing and UV absorber treatment on the UV protection properties of cotton knitted fabrics
	1 Introduction
	2 Experimental
	2.1 Material and fabric preparation
	2.2 Biopolishing process
	2.3 UV absorber treatment
	2.4 UPF measurement
	2.5 Surface structure

	3 Results and discussion
	3.1 Influence of biopolishing and UV absorber treatment on UPF
	3.2 Influence of UV absorber and biopolishing and UV ray transmittance
	3.3 Surface morphology after UV absorber and biopolishing treatments

	4 Conclusion
	References


