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Abstract—Moisture management properties are an 

important factor that could decide the comfort level of clothing 

worn by humans. This is largely dependent on the type of fiber 

and fabric structure of the fabric. In this study, the moisture 

management properties of untreated and scoured 100% cotton, 

100% bamboo and 50/50% bamboo/cotton knitted fabrics were 

investigated. It was found that the 100% cotton and 100% 

bamboo fabrics, either untreated or scoured, gave good to 

excellent overall moisture management capability (OMMC) 

indicating water penetration fabric with small spreading area. 

The 50/50% bamboo/cotton fabrics were graded as having poor 

OMMC which means that fabrics are slow in liquid absorption, 

drying and spreading of the liquid. It can be said that the 

moisture management properties depends on the fiber types 

and ratio of yarn combination.  
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I.  Introduction  
Clothing comfort refers to clothing that provides a 

pleasant feeling to the wearer without causing any physical 

problem. Comfort is also mainly related to the interaction of 

the human body with its microclimate and clothing [1]. The 

clothing work as a tampon to conserve the body temperature 

in different atmospheric conditions [2]. Nowadays, demand 

on fabric performances have changed due to the rise in 

living standard and technology. Consumer demands on 

comfortable clothing have also increased and there are many 

studies related to the comfort properties of fabrics. One way 

to achieve the level and degree of clothing comfort is 

through moisture management textiles [3]. 

Moisture management is described as the 

controlled movement of water vapour and perspiration from 

the skin to the outer surface of the fabric to make the wearer 

feel comfortable [3, 4]. It is also related to the transmission 

behaviour of the fabric, namely air permeability, thermal 

behaviour of the fabric, namely air permeability, thermal 

conductive, water vapour permeability, moisture vapour 

resistance, wicking, and wetting [5-7]. All the properties 

mentioned above are largely influenced by the yarn, fibre 

and fabric properties [5, 8-11]. These include the spinning  
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technology, fibre type, yarn twist, yarn count, yarn hairiness, 

fabric cover factors and finishing process [5].  

Various studies have been conducted on the 

moisture management of knitted fabrics made from different 

fibres and blends. Troynikov & Wardiningsih [12] 

investigated the liquid moisture management properties of 

different blended ratio of wool/polyester and wool/bamboo 

double layered knitted fabric that are suitable for base layer 

sportswear. The study found that overall the blended fabrics 

of wool/polyester and wool/bamboo have better moisture 

management properties as compared with non-blended 

fabrics. The blended fabrics can be classified as moisture 

management fabric and suitable for sportswear.  

Another study by Süpüren et al. [13] worked on the 

moisture management of special double face knitted fabrics 

made from polypropylene (PP) and cotton yarn. Four types 

of fabrics were produced, cotton/cotton, cotton/PP, 

PP/cotton, and PP/PP for face and back sides respectively. It 

was found that the PP/cotton fabric gave better moisture 

management properties and that the fabric will reach a 

higher level of clothing comfort that is suitable for sports 

and active wear.  

Studies by Kumar et al. [14] deals with the 

moisture management behaviour of modified polyester/wool 

fabrics which were treated with enzymes of either alkaline 

protease enzyme or acidic protease enzyme. Fabrics treated 

with the alkaline protease enzyme gave better result with 

good to excellent grade for absorption rate and spreading 

speed. 

Prakash et al. [15] investigated the effect of fibre 

blend-ratio of bamboo and cotton on moisture management 

of single jersey knitted fabrics. They concluded that as the 

bamboo content increases, the wetting time, maximum 

wetted radius, spreading speed and overall moisture 

management capability (OMMC) decreases.  A similar study 

by Majumdar et al. [16] investigated on the blend-ratio that 

affect the thermal properties of different knitted fabric 

structure namely 1x1 rib, plain and interlock made from 

regenerated bamboo, cotton and the blended cotton/bamboo 

yarn. It was found that the different propotion of fibre blend 

gave some effect to the water vapor and air permeability of 

the fabrics. As the proportion of bamboo decreases, the 

water vapor and air permeability decreases.     

Another important property in relations with 

clothing comfort is air permeability. Air permeability is 

defined as the rate of air flow throughout the fabric under 
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prescribed air pressure between two surfaces of fabric [17]. 

Air permeability is an important factor for comfort 

properties which influences the flow of vapor from the 

human body to the environment [18]. 

In the present study, the moisture management 

properties of 1x1 rib made from 100% cotton, 100% 

bamboo and 50/50% bamboo/cotton yarn were investigated. 

The untreated fabrics are compared with scoured fabrics. 

Scouring was done to remove all impurities such as natural 

fat, wax, and oil, and improve the absorbency of the fabric.  

 

II. Method 

A. Fabric Production and Processing 
Cotton and bamboo yarns of 30 Tex and 37 Tex 

were used, respectively. 1x1 rib fabrics were knitted using a 

circular knitting machine (Model United Texmac Pte Ltd.) 

with a gauge of 16. Three different fabric samples were 

produced including 100% cotton yarns, 100% bamboo 

yarns, and a combination of 50/50% bamboo/cotton yarns 

(alternately arranged in the fabric).  

After the knitting process, some fabrics were left 

untreated while some were scoured at 100ºC for 45 minutes 

using an industrial soap. All fabrics were then dried and 

conditioned in standard atmosphere for 24 hours to allow for 

relaxation and conditioning.  

 

B. Testing 
The moisture management properties of the knitted 

fabrics were determined using Moisture Management Tester 

(MMT). The instrument is commonly used to characterize 

fabric liquid moisture management [19]. The MMT consist 

of upper and lowers concentric moisture sensors which 

sense, measure and record the liquid moisture transport 

behaviours in multiple direction. Further information on the 

indices of MMT (see Figure 1-6) can be obtained from 

Troynikov & Wardiningsih [12] and Manshahia & Das [20]. 

The overall result from the instrument is called OMMC 

which is the overall moisture management capability. The 

index indicates the overall capability to manage the transport 

of liquid moisture in three dimensions of the fabric which 

are moisture absorption rate of the bottom side (BAR), one 

way liquid transport capacity (OWTC), and the spreading 

rate of bottom side (SSb). OMMC is defined as an index that 

indicate the overall capability to manage the transport of 

liquid moisture in three dimension of the fabric [13, 21].  

 

 (1) 

 

The air permeability properties of the fabrics were 
measured using MESDAN Air-Tronic Air Permeability 

Tester in accordance to ASTM D737-04/2008 at a pressure 
of 100Pa.  

 

III. Result and Discussion 

A. Moisture Management Properties 
Table 1 shows the range of values for OMMC 

converted into grades. According to AATCC Test Method 

195-2009 [22] the indices are graded and the value are 

converted into grades according to 5 grade scale (1-5). The 

grades of indices represent: 1- poor, 2 – fair, 3 – good, 4 – 

very good, 5 – excellent.  

From Table 2, it can be seen that the 100% cotton 

fabric and 100% bamboo fabric have good OMMC for both 

untreated and scoured fabrics as both have equal grades. For 

the 50/50% bamboo/cotton fabric, the values for both 

untreated and scoured are less than 0.2 which indicate poor 

OMMC. This indicates that for this fabric, the movement of 

water vapour and perspiration from the skin to the outer 

surface of the fabric is slow making it uncomfortable for the 

wearer.  

As far as the fabric parameters are concerned, it can 

be seen from Table 3 that the fabric density (courses and 

wales per inch) for all the untreated fabrics are similar. 

However, for the scoured fabrics, the 100% bamboo fabric 

has higher courses/inch and wales/inch, indicating that after 

scouring, the fabric becomes denser and more compact.  

 

 

Table 1. Grading specification [23] 

 

Rating 

OMMC Index 

Value Grade 

1 0-0.2 Poor 

2 0.2-0.4 Fair 

3 0.4-0.6 Good 

4 0.6-0.8 Very good 

5 >0.8 Excellent 

 

 

 

Table 2. Value and grade of OMMC of the fabrics. 

 

Fabric  

OMMC Index 

Value Grade 

100% cotton Untreated 0.5 Good 

Scouring 0.5 Good 

100% bamboo Untreated 0.57 Good 

Scouring 0.53 Good 

50/50% 

bamboo/cotton 

Untreated 0.19 Poor 

Scouring 0.17 Poor 

OMMC = 0.25 BAR + 0.5 OWTC + 0.25 SSb       
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Table   3.  Physical Properties of Knitted Fabric 

Fabric blends 100% Cotton 100%Bamboo 

50/50% 

Bamboo/Cotton 

  Untreated Scouring Untreated Scouring Untreated Scouring 

Courses/inch 30 35 31 43 30 31 

Wales/inch 22 25 21 33 22 23 

Fabric thickness (mm) 1.02 1.13 0.88 0.97 0.88 1.09 

Fabric weight (gsm) 215 251 245 276 221 269 

 

Amongst the fabrics, the 100% bamboo fabric also 

has the lowest thickness but with the highest fabric weight 

or areal density (measured in grams per square meter) for 

both untreated and scoured fabrics. 

The differences between the 100% cotton and 

100% bamboo fabrics did not give much effect to the 

parameters of the 50/50% bamboo/cotton fabric in which the 

yarns are alternately arranged in the fabric. Therefore, the 

poor result in OMMC for the 50/50% bamboo/cotton fabric, 

in this case, needs further analysis and that there could be 

other factors that influences the moisture management 

result.  

For a detail analysis, the fingerprint of the moisture 

management properties of the fabrics are given in Figure 1-6 

which classifies the fabrics according to the grade for each 

indices. It can be seen that for the 100% cotton, both 

untreated and scoured, the first four indices (top wetting 

time, absorption rate, maximum wetted radius and spreading 

speed) are rated as poor. This indicates that the water 

penetrated through the fabric as soon as the liquid was 

introduced on the top surface. 

As the liquid is on the other side (bottom) of the 

fabric, similar results were noted except for the bottom 

wetting time which was rated as good to very good. Overall, 

the OMMC was rated as good to excellent indicating that the 

100% cotton fabrics is considered as water penetration 

fabric with small spreading area. There were some mixed 

results for the 100% bamboo for all the indices. However, 

the OMMC still gave good to excellent ratings for both 

untreated and scoured fabrics.  

The introduction of bamboo yarns in the 50/50% 

bamboo/cotton fabrics somewhat alter its moisture 

management properties. The liquid was able to spread on top 

of the fabric surface before it penetrated to the bottom 

surface of the fabric.  As previously mentioned, for both the 

untreated and scoured fabrics, the OMMC ratings were poor 

to fair giving the expression that the fabrics are slow in 

absorption, drying and spreading of the liquid.  

B. Air Permeability 
Figure 7 shows the air permeability values of all 

the fabrics under study. The results indicate that untreated 

50/50% bamboo/cotton fabrics have the highest air 

permeability values while the 100% cotton and 100% 

bamboo untreated fabrics are somewhat close and similar. 

The results also show that when the bamboo yarns are 

combined with cotton yarns, the air permeability increases. 

A study by Gun, Unal, & Unal [24] on three different types 

of fabrics (50/50% bamboo/cotton, 50/50% viscose/cotton, 

and 50/50% modal/cotton) showed that air permeability is 

independent of the fiber type. 

 

 

 
Figure 1. Fingerprint moisture management properties of 

100% cotton untreated fabric 

 

 
Figure 2. Fingerprint moisture management properties of 

100% cotton scoured fabric 

 

 
Figure 3. Fingerprint moisture management properties of 

100% bamboo untreated fabric 
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Figure 4. Fingerprint moisture management properties of 

100% bamboo scoured fabric 

 

 

 
Figure 5. Fingerprint moisture management properties of 

50/50% bamboo/cotton untreated fabric 

 

 
Figure 6. Fingerprint moisture management properties of 

50/50% bamboo/cotton scoured fabric 

 

 
Figure 7. Air Permeability of fabric samples 

 

It can be seen that all the untreated fabrics have 

higher air permeability values as compared with the scoured 

fabrics. This is partly due to higher course/inch, wales/inch, 

fabric thickness and fabric density. Once the fabrics are 

scoured, the fabric structure becomes tighter and hence 

reduces the amount of air to penetrate the fabric. According 

to Ramakrishnan et al. [18], the air permeability decreases 

as the fabric become tighter and the bamboo fiber content 

improve the air permeability. 

 

I. Conclusion  
The moisture management properties of knitted 

fabrics made from 100% cotton yarn, 100% bamboo yarn, 

and combination of bamboo/cotton yarns have been 

analyzed. The fabric moisture management properties such 

as the overall moisture management and air permeability 

have been studied. The types of fiber, ratio of fiber in the 

fabric and fabric finishing have some effect on moisture 

management properties. The study show that 100% cotton 

and 100% bamboo fabrics gave better overall moisture 

management capability in comparisons with fabrics 

consisting of both cotton and bamboo yarns. As for air 

permeability, the untreated fabrics in general have 

substantially higher air permeability than the scoured 

fabrics. The combined cotton/bamboo fabrics also have 

higher air permeability than the 100% cotton and 100% 

bamboo fabrics. As a conclusion, different moisture 

management can be achieved by using different types of 

yarn during the construction of fabrics. 
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