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Abstract:
 This research is concerned with studying the effect of banana 
blended ratio and weave structure on comfort properties of pro-
duced apparel fabrics. Banana /cotton blend & 100% cotton yarns 
were used as weft materials with three different weave structures 
(plain 1/1, twill 2/2 and satin 4) for weaving nine samples. 

The experiment demonstrated that there is a direct relationship be-
tween the percentage of banana fibers in produced samples and 
air permeability, fabric stiffness and water vapour permeability 
(WVP). Whereas the weave structure, satin 4 has recorded the 
highest rates in all evaluated comfort properties
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rial which creates disposal problems [12,13,14]. Low 
percentage of this stems have been dedicated to cattle 
feed [15]. Banana fiber can be extracted from banana 
stem by many different methods as; manual, mechani-
cal, chemical and biological methods [12].

Utilization of agricultural residues may have signifi-
cant benefits for the environment and the agricultural 
community by preventing incineration on the field and 
by providing extra value to agricultural crops [16].  In 
Egypt, banana is one of the oldest cultivated plants and 
fruit crops [17,18]. Between 1969 and 2018, bananas 
production of Egypt grew substantially from 91,000 
to 1.39 million tonnes as shown in below figure (1). 
The word banana comes from the Arabic language and 
means ‘finger’ [8].

The main objective of this paper is studying the effect 
of banana fiber ratio on the comfort properties of pro-
duced apparel fabrics as; air permeability, water va-
pour permeability and fabric stiffness.

2. Materials and Methods:
The present work is concerned with studying the com-
fort properties of banana/cotton produced fabrics with 
three different blended ratios.
2.1. Warp & Weft materials 
Nine samples were produced, using dobby weaving 
machine with the operational specifications as shown 
in table (1). The warp material for all produced sam-
ples was 100% cotton, with linear density of 50/2 Ne 
and the warp density was 36 ends/cm, On the oth-
er hand, weft materials were 100% cotton yarn and 
blended yarn (banana/cotton), both of them with linear 
density of 20/1 Ne, and the number of picks per cen-
timeter were 21 picks /cm . Blend yarn (50% banana 
fiber: 50% Cotton fiber) was supplied by Banfab co. 
Ltd, India 
.

1. INTRODUCTION:
Today, comfort has become a major quality criterion of 
textile materials [1]. it has been given a prime impor-
tance due to the customer acceptability of textile prod-
uct, largely depending on the comfort aspects which 
involve thermal properties, air permeability, and water 
vapor permeability [2]. Comfort is a complex subject 
and is a result of numerous parameters interactions; as 
physical, psychological and physiological

Fabric comfort means understanding the relationship 
between fiber material, yarn structure, fabric structure, 
transmission characteristics (air, heat and moisture) 
and tactile aspects of textile materials [3]. The fabric 
material is considered the most important parameter 
that determines the comfort of cloth [4]. There is a 
general agreement that the permeability of water va-
pour and air through the fabric are probably the most 
important factors in fabrics comfort [5].
Textile fibers are mainly divided into two groups; nat-
ural and synthetic fibers [4]. In recent years, environ-
mental awareness has been increased so as a result the 
industry sector is trying to decrease the usage of petro-
leum-based fuels and products. This leads to investi-
gate the need to environmentally friendly, sustainable 
materials to replace synthetic fibers [6].
Natural fibers are generally believed to provide better 
comfort sense more than manmade fibers [4]. Natural 
fibers have been used as an alternative over synthetic 
fibers due to their features such as recyclability, bio-
degradability, renewability, no health hazard, and high 
mechanical properties [7,8,9]. It is gaining Widespread 
as textile material for many industrial applications, 
technical textiles, composites, pulp and paper [10]. In 
addition, to traditional applications as garment, uphol-
stery and curtains.

       Nowadays, the growing importance of eco-friendly 
fabrics lead to an increase in searching for more effi-
cient material which has a significant impact on the 
development of new products [11]. one of this new fi-
ber is banana fiber which has been recognized for all 
its good qualities and now its application is increasing 
such as apparel garments and home furnishings [7].

Banana fiber is a bast fiber which is obtained from the 
pseudo-stem of the plant. Fibers obtained are lustrous 
and fine with relatively good mechanical properties. 
After the fruits are harvested for two to four times a 
year, the stem of banana plant is a major waste mate-

Fig. (1) Production of banana in Egypt  (million tonnes/year) [19]
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Table (1) specifications of produced samples 

Sample 

No. 

Fabric 

structure 

 

Arrangement 

of Wefts  

 

Weft Ratio   

 
 

Ends/cm 

 
 

Picks/cm 

 
 

1 Plain1/1    

 

 

 

36 

 

 

 

 

 

 

 

21 

2 Twill 2/2 1 Blend: 1 Cotton 25% Banana: 75% Cotton 

3 Satin 4   

4 Plain1/1   

5 Twill 2/2 2 Blend: 1 Cotton 33.4% Banana: 66.6 % Cotton 

6 Satin 4   

7 Plain1/1   

8 Twill 2/2 100% Blend 50 % Banana: 50% Cotton 

9 Satin 4   

* Note: calculations of weft ratio for produced fabrics [20]. 

 

    

    

    

    
 

    

    

    

    
 

    

    

    

    
 

Plain 1/1 Twill 2/2 Satin 4 
 

   
Fig. (3) Digital photos of produced banana / cotton fabrics; (A) sample 7 – plain 1/1, (B) sample 8 – twill 2/2, (C) 

sample 9 – satin 4 (Back side of fabric) 

ness digital gage no. 7301 produced by Turlock Japan 
company according to the American Standard Speci-
fication of (ASTM D1777 – 96 (2015)) [22]
2.2.3. Air permeability Test 
This test was carried out by using The Digital Air 
Permeability Tester M021A (SDL ATLAS) ac-
cording to the American Standard Specification 
of (ASTM D737 – 04 (2012)) [23]

2.2. Laboratory Testing
Many different tests were carried out on produced 
samples to evaluate the comfort properties. 
2.2.1. Fabric Areal Density Test
This test was carried out on samples according to 
the American Standard Specification of (ASTM 
D3776:09) [21]
2.2.2. Thickness test
This test was carried out by using Mitutoyo thick-
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Fig. (3) Digital photos of produced banana / cotton fabrics; (A) sample 7 – plain 1/1, (B) sample 8 – twill 2/2, (C) 

sample 9 – satin 4 (Back side of fabric) 

2.2.4. Stiffness Test 
This test was carried out by using (Digital Pneumatic 
Stiffness Tester) according to the American Standard 
Specification of (ASTM D4032-08) [24]
2.2.5. Water vapour permeability (WVP)
This test was carried out by using cup method accord-

3-1: Fabric areal Density:
Table (2) and figure (4) shows the results of areal density test carried out on the produced samples using the fol-
lowing parameters: three different arrangement for weft picks & three different weave structures.

ing to British Specification of (BS 7209- 1990) [25]
3. Result and Discussion:
This part is concerned with studying the effect of the 
research variables on the produced samples proper-
ties. The following table (2) shows the results of tests 
applied to the produced Banana / cotton fabrics.

Table (2) Produced fabrics testing results 
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2 Twill 2/2  143.7 0.43 139 136.6 506 

3 Satin 4 142.2 0.4 141.5 121 602 
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n Plain1/1  143.8 0.35 102.5 175.4 537 

5 Twill 2/2  142.7 0.43 138.7 128.3 570 

6 Satin 4 141.3 0.41 141.8 117.3 635.2 

7 
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Plain1/1  141.7 0.34 107 165 558 

8 Twill 2/2  138.9 0.42 143.3 102 636.5 

9 Satin 4 137.5 0.4 148 93.8 663 

Fig. (4) Effect of banana fiber ratio & weave structure on fabric areal density.
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recorded the high rates of fabric weight followed 
by twill 2/2 & satin 4 respectively. This is due to 
decreases the float length in weave structure lead 
to an increase in the number of intersections per 
unit area in the produced fabrics and increase the 
yarns crimp, as a result the fabric areal density 
increased.
3-2: Fabric thickness:
Table (2) and figure (5) shows the results of thick-
ness test carried out on the produced samples us-
ing parameters mentioned before.

3-1-1: Effect of banana fiber ratio on fabric ar-
eal density:
From tables (2&3) and figure (4) it can be seen 
that, there is an inverse relation between the areal 
density and the ratio of banana fibres in the pro-
duced fabrics. That is due to the density of banana 
fiber is less than cotton, where the density of ba-
nana is 1.35 and the density of cotton 1.54 [20].
3-1-2: Effect of weave structure on fabric areal 
density:
It can be noticed from figure (4) that plain 1/1 has 

Table (3) Regression equation and quadratic coefficient for the effect of banana fibre ratio on fabric areal density    for produced samples.

Fig. (5) Effect of banana fiber ratio & weave structure on fabric thickness.

Where, y = Areal density (weight)         x = Banana fibre ratio

Where, y = Thickness                 x = Banana fibre ratio

Table (4) Regression equation and quadratic coefficient for the effect of banana fibre ratio on fabric thickness for produced samples.
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by satin 4 & plain 1/1 respectively. This is owing 
to weave structures which have a long float length 
lead to greater fabric thickness than plain weave 
with a small float length. [26].
3-3: Air permeability:
Table (2) and figure (6) shows the results of air per-
meability test carried out on the produced samples 
using parameters mentioned before.

3-2-1: Effect of banana fiber ratio on fabric 
thickness:
From tables (2&4) and figure (5) it can be seen that 
this parameter has insignificant effect on the fabric 
thickness.
3-2-2: Effect of weave structure on fabric thickness:
From figure (5) it can be observed that, twill 2/2 has 
recorded the high rates of fabric thickness followed 

3-3-1: Effect of banana fiber ratio on air per-
meability:
 
From tables (2&5) and figure (6) it can be seen 
that, there is a direct relation between the air per-
meability and the ratio of banana fibres in the pro-
duced fabrics. This is due to the yarn which has 
a high value of hairiness, indicates that more mi-

gration fibres covering the fabric surface, so as a 
result the fabric becomes low porosity and hence 
the air permeability decreased. As shown in fig-
ure (7&8). In addition to the surface morpholo-
gy and cross section of banana fiber has porous 
structure with high surface area [27], which leads 
to an increase in passing air through the fabric 
effectively.

Fig. (6) Effect of banana fiber ratio & weave structure on air permeability.

Where, y = Air permeability             x = Banana fibre ratio

Table (5) Regression equation and quadratic coefficient for the effect of banana fibre ratio on fabric air permeability for produced samples.
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in the produced fabrics that leads to a fabric will be 
less compact and inter yarn spacing will be more, 
which allow the air to pass through more freely [28].
3-4: Fabric Stiffness:
Table (2) and figure (9) shows the results of fabric 
stiffness test carried out on the produced samples us-
ing parameters mentioned before.

3-3-2: Effect of weave structure on air perme-
ability:
It can be observed from figure (4) that Satin 4 has 
recorded the high rates of fabric air permeability fol-
lowed by twill 2/2 & plain 1/1 respectively. This is 
owing to increases the float length in weave struc-
ture means less number of intersections per unit area 

Fig. (9) Effect of banana fibre ratio & weave structure on fabric stiffness.

Where, y = Fabric Stiffness             x = Banana fibre ratio

Table (6) Regression equation and quadratic coefficient for the effect of banana fibre ratio on fabric stiffness for produced samples.
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ness:
From figure (9) it can be seen that, satin 4 has 
scored the low rates of fabric stiffness compared 
to plain 1/1. This is because of this fact, the Fab-
rics which have long floats in weave structure can 
be more flexible. So as a result, the usage of satin 
weave structure leads to decreases in bending re-
sistance of produced fabrics.
3-5: Water vapour permeability (WVP):
Table (2) and figure (8) shows the results of water 
vapour permeability test carried out on the pro-
duced samples using parameters mentioned be-
fore.

3-4-1: Effect of banana fiber ratio on fabric 
stiffness:
Tables (6) and figure (9) represented the relation-
ship between fabrics stiffness and banana fiber ra-
tio as weft material, illustrate that by increasing 
the banana fiber ratio in weft picks leads to lowest 
value in fabrics stiffness and vice versa. This is 
due to the increase in the banana fiber percentage 
leads to a decrease in area density of produced fab-
rics as shown in table (2). So as a result, bending 
resistance of fabrics decreases.
3-4-2: Effect of weave structure on fabric stiff-

3-5-1: Effect of banana fiber ratio on fabric wa-
ter vapour permeability:
It can be noticed from figure (10) and tables (2&7) 
that, there is a direct relationship between water 
vapour permeability of produced samples and the 
banana fiber ratio as weft material. This is due to 
the diffusion rate of water vapour along the textile 

material depends on the porosity of the material 
and on the water vapor diffusivity of the fiber. Dif-
fusivity of the material increases with the increase 
in moisture regain [29,30]. So, as the result, an in-
crease the banana fibers percentage which have a 
high moisture regain (11-15%) compared to cotton 
fiber (8.5%) leads to an increase in the water va-

Fig. (10) Effect of banana fibre ratio & weave structure on fabric water vapour permeability.

Where, y = water vapour permeability             x = Banana fibre ratio

Table (7) Regression equation and quadratic coefficient for the effect of banana fibre ratio on fabric (WVP)  for produced samples.
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and weave structure plain 1/1 has recorded 
lowest rates of air permeability.

•	 There is an inverse relationship between ba-
nana fiber ratio and fabric stiffness, where is 
sample (1) with weft ratio (25% banana: 75% 
cotton) and weave structure plain 1/1 has 
scored highest rates of fabric stiffness com-
pared to sample (9). 

•	 For water vapour permeability (WVP) proper-
ty, there is a direct relationship between banana 
fiber ratio as weft material and the (WVP) re-
sult. sample (9) with weft ratio (50% banana: 
50% cotton) and satin 4 structure has achieved 
the highest rates of (WVP). Whilst sample (1) 
with weft ratio (25% banana: 75% cotton) and 
weave structure plain 1/1 has scored lowest 
rates of water vapour permeability. 
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