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Antimicrobialagent treated materials have been widely used clinically as medical devices and articles, in which the 
active substances, such as antimicrobial molecules, are present on or in the matrix of the surface of the devices and 
articles.This study aims to treat a selection of fabrics with alginate/copper, and then determine the treated 
fabrics’antimicrobial activity against two common Gram-positive and Gram-negative bacteria. It is also aimed to analyse 
and evaluate the thermophysiological properties of the treated fabrics. Cotton, organic cotton and bamboo woven fabrics 
were employed. The fabrics were applied in 1 %, 3 % and 5 %w/v copper solutions andsubsequentlyspecimens were 
subjected to 10 min and 20 min ultrasonic energy treatment. The results clearly demonstrated that the cotton and organic 
cotton fabrics were successfully treatedwith the alginate/copper and the treated fabrics showed considerable zone of 
inhibitions. The bamboo fabric did not appear to bond effectively with the copper alginate, andas the result,the fabrics 
did not display any improved bacterial protection against the chosen bacteria. In fact the bamboo fabric lost its natural 
antimicrobialproperties after the alginate and copper treatment.The thermophysiological comfort properties of the treated 
cotton fabrics changed significantly; on the other hand, the treated bamboo fabrics were not affected by the copper 
treatment. 
Keywords: copper treatment, ultrasonic energy, antimicrobial testing, bamboo, cotton, thermophysiological comfort. 

 
INTRODUCTION∗ 

A common threat with antibiotic resistant bacteria is 
that they are spread very easily through patient-staff and 
patient-patient contact. These prevalent bacteria are often 
found on general surfaces such as the floor, radiators, and 
beds and are also harboured on fabrics such as hospital 
gowns, gloves, bed linen and curtains [1 – 4]. Therefore it 
is important that bacterial contamination in the hospital 
environment is minimised as this can lead to the spread of 
hospital-acquired infections. To prevent reservoirs of 
bacteria from forming, surfaces such as bed rails, bedside 
tables and door handles, must be cleaned and disinfected 
properly. However, some bacteria now have the ability to 
survive even after thorough treatment with disinfectant [5]. 
Thus there is a greater need for biocidal surfaces to help 
reduce cross-contamination. This has led researchers to 
investigate antimicrobial agents such as copper to produce 
biocidal surfaces. Copper has been identified as being 
effective against a broad spectrum of microorganisms such 
as Clostridium difficile [6], Escherichia coli O157:H7 [7], 
Influenza A (H1N1) [8], Listeria monocytogenes [9], and 
methicillin-resistant Staphylococcus aureus [10]. Its 
antimicrobial mechanism is still unknown however there 
are many mechanisms that have been hypothesized, come 
of which include:  
• copper ions have the ability to accept or donate 

electrons which allows the ion to participate in 
chemical reactions that can cause oxidative damage to 
microorganism cells [11, 12]; 

• copper ions are also believed to cause cell membrane 
lesions, which can lead to intracellular component 
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leakage and thus cell apoptosis [13 – 14]. The 
important components that are leaked through the 
outer membrane of the microorganisms are potassium 
and glutamate; 

• the inhibition of components of the respiratory chain 
and/or the H+ -ATP synthesis. Complete cessation of 
respiration of the bacteria strain Pseudomonas syringae 
was observed by Cabral when the cells were treated 
with (20 – 25) µM Cu2+. Cabral also noted that cells that 
had completely blocked respiration had lost most of 
their intracellular unbound potassium ions. Respiration 
could be restored by preventing the release of potassium 
ions from copper-treated bacterial cells [15 – 18]. 
It is also important to acknowledge that the spread of 

bacteria can also be caused by fabrics used in hospitals 
such as bed linen, drapes, gowns, and aprons. As these 
fabrics become infected they then act as vectors for 
bacterial transmission, which can increase the risk of 
hospital-acquired infections [19 – 21]. Of the few studies 
that have been conducted it is has become apparent that 
Gram-positive bacteria such as staphylococci and 
enterococci have the ability to remain on fabrics 
commonly used in hospitals, such as cotton, polyester and 
cotton-synthetic blends, for extended periods of times 
ranging from hours to months [22 – 24]. 

Ultrasonic washing uses ultrasonic agitation to clean 
or homogenize materials and to accelerate both physical 
and chemical reactions. Ultrasonic agitation also reduces 
the amount of fibre migrations when compared against 
conventional washing methods. These sound waves radiate 
into a solution in the form of a vertical wave, which causes 
negative acoustic pressure that causes the solution to 
fracture and form millions of vapour bubbles or cavities 
with high frequencies. These cavities then collapse 
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violently during the positive acoustic pressure cycle 
causing the formation of fluid jets and shockwaves, which 
constantly strike at the target material surface, causing 
stresses that erode any impurities [25 – 29]. 

Sodium alginate is a linear polysaccharide and it is the 
major component of marine brown algae. Sodium alginate 
can form a hydrophilic gel when in the presence of 
divalent cations such as copper (Cu2+) via a unique ion 
exchange mechanism whereby the sodium ions attached to 
the carboxyl groups on the uronic acid monomers are 
exchanged by the copper ions, which subsequently cross-
links the alginate chains together, forming a crystalline 
structure [30]. In this study,a novel technique of 
incorporating copper into some commonly used hospital 
fabrics by making use of sodium alginate, copper sulphate 
and ultrasonic energy hasbeen effectively established for 
the cotton based fabrics.In order to investigate the 
antimicrobial activity of fabrics,three different specimens 
of alginate absorbed fabrics were prepared by immersing 
them into different concentration of copper sulphate 
solution for 10 and 20 minutes ultrasonic energy 
applications. The advantage of alginate’sunique ion 
exchange mechanism was takento form alginate/copper 
soaked cotton, bamboo and organic cotton fabrics. 

MATERIALS AND METHODS 

Materials 
Cotton, bambooand organic cotton were purchased 

from different sources in the UK market. All the fabrics 
were used in the as-received conditions.The fabric 
dimensional properties are given in Table 1. Sodium 
alginate, MANUCOL ® DH, was obtained from Ashland 
Ltd. (formerly ISP) (SA, medium viscosity (40 – 90) mPa∙s 
(1 %), M:G ratio 61/39). Copper (II) sulphate pentahydrate 
was obtained from Fisher Bioreagents Ltd.  

Table 1. Dimensional properties of woven fabrics 

 
Area 

density 
(g/m2) 

Thickness 
(mm) 

Bulk 
density 
(g/m3) 

Warp 
no. 

(cm–1) 

Weft 
no.  

(cm–1) 

Cotton 168 ±5 0.5 ±0.05 0.335 30 20 

Bamboo 170 ±5 0.4 ±0.05 0.425 45 22 

O.cotton 160 ±5 0.5 ±0.05 0.320 36 13 

Fabric area density (g/m-2), thickness (mm) and the 
number of weft and warp yarn per cm were determined in 
accordance with BS EN 12127:1998, ASTM D1777, and 
ISO 4602:2010 respectively. The density of three 
specimens of each fabric was measured individually and 
the mean mass per unit area of the specimens was 
calculated. The thicknesses of fabrics were determined 
using the Shirley thickness tester.  

Methods 

The fabric specimen sizes were prepared 
20 cm×20 cm. The fabric specimens were fully immersed 
into the sodium alginate solution (2.5 % w/v) for 24 hours 
and then they were rinsed thoroughly with distilled water. 

After the rinsing, the fabrics were then bathed in thecopper 
sulphate solutions of different concentrations, (1 %, 3 % 
and 5 % (w/v))for two hours. Ultrasonic energy was 
applied to the fabrics under a 25 ºC degree bathing 
temperature under two application times, 10 and 20 
minutes. The ultrasonic bath Bamdelim Sonorex 
Digitalwas employed for the ultrasonic applications. 
Thetreated fabrics were rinsed three times in distilled water 
and finally, the fabrics were left to dry at room temperature 
for 24 hours. 

Antimicrobial tests – agar diffusion method (AATCC 
147). The antimicrobial activities of the fabrics were tested 
qualitatively using the zone of inhibition method. Standard 
strains of bacteria were used: Gram-positive, 
Stapholycoccus epidermidis and Gram-negative organisms 
Escherichia coli. Test specimens and the untreated fabric 
specimens (control) were cut into 2 cm×2 cm of square 
pieces. The agar plates were prepared using Oxoid nutrient 
agar (CM0003). Sterilized agar medium was dispensed by 
pouring 20 ml into each of standard flat-bottomed Petri 
dishes. The agar was allowed to solidify and was 
inoculated with 500 µl culture of the test organisms. The 
same amount was added to all plates prior to their lawning. 
After lawning, all the pre-cut specimens were placed on 
the middle of the plates and pressed down firmly to ensure 
even contact and then were placed in the incubator 
(Swallow incubator) held at 37 ºC for 24 hours.At the end 
of the incubation time, the test specimens were observed. 
The agar under the specimen was also evaluated 
specifically if no zone of inhibition was observed. This 
assessment was made by visual examination. The 
evaluation was made on the basis of absence or presence of 
bacterial effects in the contact zone under the specimen 
and the possible formation of a zone of inhibition around 
the test specimen. Zone of inhibition method is commonly 
employed for determining the antibacterial efficacy of 
treated textile structures. The zone of inhibition is used to 
determine the diffusion of antimicrobial agent from its 
carrier into the appropriate growth media. However, the 
rate of diffusion of antimicrobial agent is directly related to 
its chemical structure, composition and concentration. The 
area formed without microbial growth around the test 
specimen, is generated by the antimicrobial substance 
which is diffused from the specimen. This area represents 
the “zone of inhibition” wherein the effect of antimicrobial 
agent ceases the bacterial growth. Figure 1 illustrates the 
zone of inhibition. The antimicrobial activity images were 
taken by using Nikon COOLPIX L120 digital camera 
under 5× magnifications.     

 

Fig. 1. Zone of inhibition 
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Thermophysiological testing  
The thermo physiological properties of the woven 

fabrics were determined by using an Alambeta instrument 
(Sensora Instruments, Czech Republic). The Alambeta 
instrument provides values for thermal conductivity, 
thermal resistance (insulation) and thermal absorbtivity 
(warmth-to-touch), fabric thickness and thermal diffusion. 
The test instrument was used to determine the transient and 
steady state thermo physical properties of the fabrics. The 
specimen’s size of 20 cm×20 cm were prepared and placed 
in between two plates. With the two plates the heat flow 
through the fabric due to the different temperature of the 
bottom measuring plate (at ambient temperature) and the 
top measuring plate which is heated to 40 ºC. The thermal 
absorptivity of the textile structure is a measure of the 
amount of heat conducted away from structure surface per 
unit time [31 – 33]. The test was performed on dry 
specimens and on wet specimens, which were wetted with 
0.2 mL of water on the centre of the fabrics and allowed 
4 minutes to thermal recovery of the fabric. For each side 
(back and front side of fabric) of the untreated and treated 
fabrics 10 measurements were made, and the main values 
of the measured parameters were calculated.   

Water vapour permeability and the resistance to 
evaporative heat loss of the fabrics were tested using the 
Permetest instrument (Sensora Instruments, Czech 
Republic). This instrument is based on a skin model, which 
simulates dry and wet human skin in terms of its thermal 
feeling [34]. The instrument uses the same principle as 
specified in ISO 11092 developed by Hohenstein Institute 
whereby a heated porous membrane is used to simulate 
sweating skin. The heat required for the water to evaporate 
from the membrane, with and without a fabric covering, is 
measured. 

RESULTS AND DISCUSSIONS 

Antimicrobial activity test results 
Figure 2 represents the antimicrobial activity of the 

untreated specimens. From the images it is clear that the 
untreated cotton did not show any antimicrobial activity 
against both Gram-negative and Gram-positive bacteria as 
there is no apparent zone of inhibition. Whilst, for the 
bamboo fabric, a small zone of inhibition can be observed 
which is slightly larger for the Gram-positive bacteria  than  

the Gram-negative bacteria. From previous research it has 
been established that the antimicrobial activity of bamboo 
fibre is allotted to its unique antimicrobial properties  
[35 – 37]. It can therefore be assumed that the untreated 
bamboo fabric has superior antimicrobial property as 
compared to the untreated cotton fabric. It can thus be 
suggested that to use bamboo fabric in hospital 
environment could be beneficial to prevent the bacterial 
activity. 

From Figure 3, it can be observed that cotton has 
shown the biggest zone of inhibition as compared to 
bamboo and organic cotton in any stipulation i. e. for both 
Gram-negative and Gram-positive bacteria over the time 
span of 10 and 20 minutes. Also the size of the cotton and 
organic cotton zones of inhibition has increased with 
increased time of immersion in the copper sulphate 
solution. It is also apparent from this figure that cotton and 
organic cotton have shown less antimicrobial activity 
against the Gram-positive stains of bacterium when 
compared to the Gram-negative strain. This is logical as 
Gram-positive bacteria posses a much thicker, petidogly-
can cell wall than Gram-negative bacteria and hence it is 
much harder to kill Gram-positive bacteria [38].  

There was an unusually negligible zone of inhibition 
for the bamboo fabric this maybe due to some interaction 
between alginate/copper and the hereditary mechanism of 
bamboo fabrics, which might be responsible for the 
inactivity of bamboo fabric’s natural antibacterial agent 
(Bamboo Kun) [39]. However, more research on this topic 
needs to be undertaken before association between 
chemical reactions of bamboo and copper is more clearly 
understood.  

Figure 4 presents the images obtained from the 
preliminary visual assessment of 3 % copper treated 
fabrics. The experiments using a 3 % copper solution has 
revealed more or less similar results to 1 % copper. In this 
case cotton did also show the highest antimicrobial 
activity. Antimicrobial activity was increased with 
increased immersion time.   

The treated bamboo fabrics did not show any sign of a 
zone of inhibition. For both cotton and organic cotton, their 
zones of inhibition were greater when compared to the 1 % 
solution for the same time periods. Noticeably, organic 
cotton fabrics did show a higher fold of increase in its 
antimicrobial activity compared to its activity with 1 % 
copper than to cotton fabrics. 

 

Fig. 2. Antimicrobial activity of untreated (a) cotton on Gram-negative bacteria (b), cotton on Gram-positive bacteria (c), bamboo on 
Gram–positive bacteria (d), bamboo on Gram-negative bacteria without any treatment (Blank) (AATCC147). Visual assessment 
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Fig. 3. Antimicrobial activity of cotton, bamboo and organic cotton fabrics on Gram-negative (G-N) and Gram-positive (G-P) bacteria 

after treatment with alginate and 1 % copper solution consecutively for time period of 10 and 20 minutes (AATCC 147). Visual 
assessment 

 
Fig. 4. Antimicrobial activity of cotton, bamboo and organic cotton fabrics on Gram-negative (G-N) and Gram-positive (G-P) bacteria 

after treatment with alginate and 3 % copper solution consecutively for time period of 10 and 20 minutes (AATCC 147). Visual 
assessment  

 

Figure 5 provides the visual assessments of the 5 % 
treated fabrics. The results with 5 % copper solution have 
shown slightly decreased in antimicrobial activity with 
both cotton and organic cotton as compare to 3 % copper 
solution; however, in some cases, the differences were 
found to be insignificant. It is also interesting to note that 
even after 5 % copper treatment, the bamboo based fabrics 
did not show any sign of a zone of inhibition. The results 
of this study indicate that there is no obtained zone of 

inhibition against tested bacteria after the copper treatment 
for the bamboo fabrics. The results of this study also 
clearly showed a significant decrease for the treated 
bamboo fabrics in terms of antimicrobial property. 
Therefore it can be concluded that the presence of 
alginate/copper in the specimen may have interfered with 
the release of bamboo’s active substance. There are several 
possible explanations for this result. A possible 
explanation for  this  might  be  that  the  reaction  between 
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Fig. 5. Antimicrobial activity of cotton, bamboo and organic cotton fabrics on Gram-negative (G-N) and Gram-positive (G-P) bacteria 

after treatmentwith alginate and 5 % copper solution consecutively for time period of 10 and 20 minutes (AATCC 147) 
 

bamboo fibre and copper treatment. Further research 
should be done to investigate the reaction, which is out of 
scope for this research paper. Another possible explanation 
for this is that the colour changes of the fabrics after the 
copper treatment. It was clearly observed that the cotton 
fabrics had colour change after the treatment due to the 
bright blue colour of the copper solution. It is somewhat 
surprising that no colour change for the bamboo fabrics 
were noted in this condition. It is one of the evident and 
explanation for the lack of antimicrobial property of the 
treated bamboo fabrics. In future investigations it might be 
possible to use a different bamboo fabric structure for a 
higher immersion of the copper solution and also it is 
possible to increase copper treatment percentage for the 
bamboo fabrics then it could be treated with this novel 
method. 

Thermal conductivity of woven fabrics  
in dry and wet state 

There are three fundamental ways by which heat 
energy can be transferred through the porous materials 
such as woven fabrics conduction, convection, and 
radiation. Depending on the fibre’s specific thermal 
conductivities, the size and configuration of the space 
between the fibres in the woven specimen, heat transfer 
mechanisms – conductive, radiative, and convective – will 
provide very different contributions to the overall heat 
transfer throughout the specimens. Very complex 
interactions and contributions of various heat transfer 
mechanisms in the overall thermal properties of woven 
fabrics makes the direct instrumental measurement of the 
thermal conductivity. The Alambeta basically gives the 
amount of heat, which passes from 1 m2 area of tested 
structure through the distance 1 m within 1 s and create the 

temperature difference 1 K. The thermal conductivity can 
be calculated by using the following expression [40]. 
λ = (Q/Fτ)×(ΔT/σ),  in Wm–1 K–1,   (1) 
where: Q is the amount of conducted heat, F is the area 
through which the heat is conducted, τ is the time of heat 
conducting; ΔT is the drop of temperature, σ is the fabric 
thickness. 

The thermal conductivity ranged from 30.1 W/mK×10–3 
to 36.6 W/mK×10–3 in the dry state and 40.3 W/mK×10–3 to 
63.2 W/mK×10–3 in the wet state (Table 2). The cotton 
fabrics obtained had the highest thermal conductivity values 
in their dry and wet states for all test combinations. It has 
been clearly seen that the presence of cotton fibres within 
the fabrics increases the thermal conductivity of the 
structures. Previous studies by the author have reported that 
the thermal conductivity of fabric is found to be dependent 
on the fibres into the structure and treatment. This thermal 
conductivity study produced results, which corroborate the 
findings of a great deal of the previous work in this field 
[41 – 42]. In the wet state of the fabrics, in order to allow for 
the thermal recovery of the fabrics, there was significant 
increase of the thermal conductivity of the fabrics associated 
with the water. 

The copper treatment increases the thermal 
conductivity of the cotton fabrics and there is a regular 
increase in the cotton based fabrics. The changes are at 
significant level in the dry and wet states for the treated 
cotton fabrics. The cotton fabric, which was treated with 
5 % copper solution, had the highest thermal conductivity 
as compared to the other combinations. This is perhaps due 
to the increase of copper particles on the fabric structures. 
The results, as shown in Table 2, indicate that the thermal 
conductivities of the treated bamboo fabrics were not 
changed    in    any    cases.     This   finding   supports   the  
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Table 2. Thermal conductivity (λ) of woven fabrics in dry and wet states (W/mK×10–3) 

 Untreated 1% 3% 5% 

Dry Wet Dry Wet Dry Wet Dry Wet 

Cotton 30.1 52.2 33.1 58.3 35.7 60.9 36.6 62.7 
O. cotton 31.2 60.1 33.9 61.2 34.5 63.2 34.9 63.0 
Bamboo 32.9 40.5 31.8 40.3 32.2 41.2 32.0 42.1 

 

antimicrobial and the colour observation into the treated 
bamboo fabrics, which they also did not show any sign of 
inhibition and colour change.  

Thermal resistance of woven fabrics  
in dry and wet state 

A higher thermal resistance will cause the wearer to 
become uncomfortable and extremely warm.  The thermal 
resistance property of the structures depends on the fabric 
thickness and thermal conductivity. The resistance is 
expressed by the following relationship: 
R  = h / λ, inW–1K m2×10–3,  (2) 
where: h is the fabric thickness; λ is the thermal 
conductivity. 

The thermal resistance results are presented in Table 3. 
The thermal resistance of the untreated fabrics ranged from 
53.2 to 69.1 W–1K m2×10–3 for the dry state and from 39.8 
to 53.3 W–1K m2×10–3 for the wet state. In the dry and wet 
states, the untreated bamboo fabric had relatively higher 
thermal resistance value as compared to the other fabrics. 
It has been observed that when the fabrics were wetted, the 
thermal resistance of the fabrics decreased significantly. 
The copper treatment influences the resistance properties 
of the cotton fabrics significantly. The treated cotton 
fabrics had significantly higher thermal resistance than 
their untreated counterparts. 

This study produced thermal resistance of the cotton 
fabric results which corroborate the findings of a great deal 
of the previous copper treated studies by the author. It is 
also interesting to note that in contrast to earlier findings 
on laundering and comfort relationships; however, it has 
been also found that the thermal resistance of treated 
fabrics increases, although the cotton fabrics were washed 
and rinsed before the retesting [42]. The most likely causes  

of this increase due to the deterioration of fibres’ moisture 
regain because of the copper treatment. The moisture 
regain has a great influence on wear comfort of fabrics. 
Contrary to expectations, the copper treatment kept the 
resistance properties of bamboo fabrics similar to the 
untreated form, it was expected that the rinsing process 
after the treatment could reduce the resistance drastically. 
The thermal resistance properties of bamboo fabrics did 
not change significantly.  

In general, there was a correlation between thermal 
resistance and copper concentrations for the treated cotton 
fabrics and the differences between varied ratios of the 
treatment are important and 5 % treated fabrics have higher 
thermal resistance as compared to 1 % and 3 % treated 
cotton fabrics. The results of this study indicate that the 
copper treatment influence the thermal resistance of the 
cotton fabrics, conversely. The untreated fabrics can give 
relatively drier and cooler feelings when in contact with 
the skin as compared to the treated fabrics.  

Thermal absorptivity of woven fabrics  
in dry and wet state 

Lower thermal absorptivity causes a warm feeling and 
diametrically higher thermal absorptivity value tends to 
give a cooler feeling. The thermal absorptivity can be 
measured by an Alambeta instrument and the value and is 
calculated by the following equation [31]:  
b = √ λ×ρ×c, in Ws1/2 m–2 K–1,   (3) 
where: λ is the thermal conductivity; ρ is the fabric density; 
c is the specific heat of the fabric. 

The thermal absorbtivity of the fabrics are given in 
Table 4. The untreated and treated bamboo fabricswere 
observed to have the lowest thermal absorbtivity. The 
cotton   fabrics   had   superior  thermal  absorbtivity.   The  

Table 3. Thermal resistance (R) of woven fabrics in dry and wet states (W–1K m2×10–3)  

 Untreated 1 % 3 % 5 % 

Dry Wet Dry Wet Dry Wet Dry Wet 

Cotton 53.2 39.8 73.5 50.9 81.8 55.6 88.1 65.2 
O. cotton 63.6 41.1 70.5 48.2 90.5 59.9 101.5 68.9 
Bamboo 69.1 53.3 73.3 55.0 72.5 55.2 75.0 55.5 

 
Table 4. Thermal absorbtivity (b) of woven fabrics in dry and wet states (W m–2 s 0.5 K–1)  

 Untreated 1 % 3 % 5 % 

Dry Wet Dry Wet Dry Wet Dry Wet 

Cotton 88 148 76 135 73 128 70 125 
O. cotton 75 145 69 138 66 130 62 125 
Bamboo 42 89 40 92 43 90 40 93 
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Table 5. Water vapour permeability (WVP) (%) and the resistance to evaporative heat loss (REHL) (m2 Pa W–1) 

 Untreated 1 % 3 % 5 % 

WVP REHL WVP REHL WVP REHL WVP REHL 

Cotton 66.9 2.8 65.0 3.0 64.0 3.3 63.1 3.4 
O. cotton 65.1 2.9 64.8 3.1 63.5 3.3 62.0 3.5 
Bamboo 58.5 3.6 58.3 3.6 58.5 3.8 58.1 3.9 

 

thermal absorbtivity wet states of the fabrics were found to 
be significantly higher as compared to the dry state of the 
fabrics. The difference between 1 % and 5 % treated cotton 
fabrics are also found to be noteworthy. The 1 % treated 
cotton fabrics had higher thermal absorbtivity than the 5 % 
treated cotton fabrics. It is apparent from this table that the 
thermal absorbtivity of the treated cotton fabrics are 
significantly lower as compared to the untreated cotton 
fabrics. The absorbtivity of bamboo fabrics were not 
affected by the treatment due to the lack of interfering 
between copper and bamboo fabrics.  

Water vapour permeability and resistance  
to evaporative heat loss (Permetest)  

The Water Vapour Permeability (WVP) depends on 
the water vapour resistance, which indicates the amount of 
resistance against the transport of water through the fabric 
structure. The amount of water present in a garment (which 
has a crucial importance in the level of comfort) must to be 
a minimum. The relative WVP is expressed using the 
following formula: 
WVR = Qs (Wm–2) / Q0 (Wm–2)×100,  in %,  (4) 
where: Qs is the the heat flow with the fabric specimen; Q0 
is the the heat flow without the fabric specimen 

The WVP and resistance to evaporative heat loss 
(REHL) results are presented in Table 5. The study of 
WVP and REHL was performed by using Permetest 
instrument. The treated cotton fabrics had lower WVP as 
compared to their untreated counterparts. It is clear from 
Table 5 that the copper concentrations have a significant 
effect on the WVP properties of the tested cotton fabrics. 
This is perhaps due to the effect of treatment, which could 
make the fabric structures more close and tight, therefore 
the permeability of treated fabrics decrease drastically. 
Table 5 also shows that the REHL of the treated cotton 
fabrics were reported significantly higher than the 
untreated cotton fabrics. The bamboo containing fabrics 
had better REHL as compared to the cotton fabrics. The 
treated bamboo fabrics had the similar WVP and REHL 
values which their untreated forms had. 

CONCLUSIONS 
In conclusion, it may be stated that application of 

alginate/cotton treatment imparts the antimicrobial 
properties in the cotton fabrics. The results clearly demon-
strated that the cotton and organic cotton fabrics were 
successfully treated with the alginate/copper and the 
treated fabrics showed considerable zone of inhibitions. 
The treated bamboo fabrics did not display any improved 
bacterial protection against the chosen bacteria. In fact the 
bamboo fabric lost its natural antimicrobial properties after 

thecopper treatment. From the result of 3 % and 5 % 
copper solution it revealed that after reaching to certain 
level of copper concentration fabric became saturated and 
it did not show antimicrobial activity in linear relation with 
copper concentration. Also exposure time to ultrasonic 
application has shown linear relationship with the 
antimicrobial activity of the fabrics in cotton and organic 
cotton regardless of the concentration of copper solution. 
In all the cases higher antimicrobial activity was observed 
against the Escherichia coli. 

The bamboo fabric’s surface did not appear to bond 
effectively with the alginate/copper. There are three 
evidences found in this study that could prove the lack of 
effective chemical bonding between the copper treatment 
and bamboo fabric. a) There is no colour change after the 
treatment (in visual assessment); b) As shown in the results 
part of the study, there is no antimicrobial activity for 
bamboo fabrics after the treatment; and c) Both Alambeta 
and Permetest results clearly proven that the 
thermophysiological comfort properties of the treated 
bamboo fabrics did not have any significant changes in 
comparison with their untreated forms. By contrast, the 
copper treated cotton fabrics had significantly different test 
results than their untreated counterparts. One of the more 
significant findings to emerge from this study is that 
regenerated cellulose bamboo fibre based fabrics had a 
great different reaction with copper treatment as compared 
the cellulosic cotton fibre based fabrics. 
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