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ABSTRACT

Natural fibres are considered to be ecofriendly and possess peculiar properties that preserve
resources and thus rapidly emerges as novel low-cost materials in several discipline and
engineering applications. Even though natural fibres demonstrate admirable potential for various
applications, their physical and mechanical properties have been shown to differ with the plant
source, species, location and other ecological factors. The present work investigates banana
pseudostem physical and mechanical properties for potential fibre extraction from the four cultivars
commonly cultivated in the Southern Highlands of Tanzania. Fibres from Matoke, Ndyali, Malindi
and Uganda cultivars were manually extracted and experimentally analyzed. Breaking load,
elongation, modulus and tenacity which are fundamental mechanical properties for engineering
materials were investigated to determine banana pseudo-stem fibre performance. Findings
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revealed higher average values for: Tenacity in Matoke cultivar was 67.27 gf/tex, elongation in
Malindi cultivar at 3.5% and modulus in Uganda cultivar of 32.23 GPa. The highest fibre recovery
was recorded from Ndyali cultivar at 1.57%. Notwithstanding the priority ranking, the study
concluded that all cultivars: Matoke, Malindi and Uganda cultivated in Southern Highlands of
Tanzania achieved good tensile properties for potential engineering applications.

Keywords: Banana; pseudostem; physical and mechanical properties.

1. BACKGROUND

Human activities have been shown to have
negative environmental impact. Applications of
natural materials is considered to reduce this
impact to sustainable levels through minimization
of waste and pollution and therefore contributing
towards achieving poverty reduction and
protection of environment. Strengthened efforts
owing to environmental concerns, natural
resources conservation and mitigation towards
agro-waste challenges have catalyzed
development of natural materials with emphasis
on renewability [1,2,3]. Natural fibres materials
application is considered as the best alternative
approach to mitigate agro-wastes management
challenges which may cause environmental and
ecological imbalances [4,5,6]. Natural fibres have
numerous benefits compared to synthetic fibres.
The benefits of natural fibres includes but not
limited to their ability to decompose over time as
a result of biological activity, lightweight and
abundancy when related to synthetic ones [7].
Natural fibres  being renewable, have
demonstrated relatively high strength and
stiffness and thus considered as suitable for
most of engineering applications [8,9,10].

Banana is among plants with a potential for
natural fibre extractions mostly from its
pseudostem (trunk). Banana being a fast
growing, high biomass yielding plant cultivated in
more than 120 countries around the globe is
among the primary sources of staple food in
Tanzania [11,12,13]. Tanzania is among the
leading bananas producing countries in the
world. Most of banana cultivars grown in
Tanzania are endemic to the East African
highlands and are primarily distinguished by
genome, phenotype and use [12]. The banana
plant values lie in its fruit with enormous bio-
mass residues yields from the pseudostem and
fruit bunch (raquis) being rejected on the field as
waste [14] [15,16]. The banana pseudostem is
composed of water and other numerous
polymers including cellulose, hemicellulose lignin
and pectin [17], Pappu et al. [18], Martelli-Tosi et
al. [19]. Banana fibres, specifically from

pseudostem are recognized as potential
engineering materials to enhance the physical
and mechanical  properties  for  many
environmentally friendly industrial applications
[20,21], Pappu et al. [18], Mostafa and Uddin
[22], Zhen-Yu et al. [23]. Among different natural
fibres, banana fibres from Tanzania are one of
the unexplored high potential fibres with limited
information in the literature. Natural fibers are
naturally available in abundance and are
currently beginning to find their way into
engineering applications.

Fibers as is the case of other plants species are
categorized based on physical and mechanical
properties which vary greatly. Physical and
mechanical properties may vary even from the
same plant specie due to several factors during
life cycle such as growing conditions, ripeness,
during harvesting, extraction methods, and the
transportation and storage [24-28]. In this article,
physical and mechanical properties of banana
pseudostems from the four cultivars commonly
cultivated in the Southern Highlands of Tanzania
are presented based on experimental
investigations.

2. MATERIALS AND METHODS

2.1 Experimental Setup

2.1.1 Banana pseudostem samples
conditions
For the present experimental investigation,

banana pseudostem were collected during rainy
season from the same location in Mbeya -
Southern Highlands of Tanzania to ensure
uniform conditions are satisfied [29]. As soon as
plants such as banana experience water deficit,
physiological, biochemical and molecular scale
responses are triggered thus affecting its
performance more than any other environmental
factors characteristics [30,31].

2.1.2 Study samples selection

Banana pseudostem varieties of genomic group
triploid banana cultivars from East African
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highland (AAA-EA) popularly cultivated in the
Southern highlands of Tanzania were chosen for
investigations of mechanical properties [32],
Wairegi and van Asten, [33] Nsemwa et al. [34].
The analysis involved four varieties natively
known as Matoke, Ndyali, Ndizi Uganda and
Malindi. Three samples from each variety were
selected randomly and fibre were extracted layer
wise for testing and analysis of obtained data.

2.1.3 Testing conditions

Controlled conditions were applied to conduct all
tests under room temperature. Fibres were
extracted and sun dried before being stored in
plastic bags to avoid changes in physical
properties such as dimension, texture and shape
which would have otherwise caused greater
variation in test results [35]. The testing room
was assumed to have small variation in humidity
which would have not affected the experimental
results. At a temperature of 28.3°C, the variation
in humidity were 57.3% RH, 58.2% RH and
55.2% for first, second and third day of testing
respectively.

2.1.4 Analysis of data

The analysis of mechanical properties of banana
pseudostem involved four properties namely as
modulus, elongation and tenacity and linear
density to check variation among the varieties
and across circular section of each study sample.
One-way ANOVA statistical method at 95%
confidence interval level was used in the data
analysis. ANOVA has been selected considering
its capability in comparing differences of means
among more than 2 groups. ANOVA does
comparison analysis by observing the variation in
the data and where that variation is found.

2.2 Apparatuses

The following apparatuses were employed to
achieve the study objectives:

i). Machete, tape measure, weighing scale,
notebook, digital camera and a car were
used to collect study samples and record
some observations.

ii). Drying oven to determine general overview

of water content in the banana

pseudostem study samples.

Scraping blunt blade and a squeezing

roller were designed and manufactured

locally for extracting fibres from banana
pseudostem.

ii).

iv). A paper tab by help of Polyvinyl Chloride
(PVC) clear cement were used to hold fibre
specimen for easy mounting between
clamps.

V). ZWICK/010 Tensile Testing Machine was
employed to determine tensile properties
of extracted banana fibre [36,37].

vi). Microsoft office Excel 2016 and Statistical
Package for Social Science (SPSS 20)
computer software were used to analyze
obtained data.

2.3 Materials

2.3.1 Study samples collection

A total of twelve banana pseudostem samples
were collected, three from each variety (Matoke,
Ndyali, Malindi and Uganda). The samples were
collected from Kiwira village and transported to
Uyole in Mbeya for fibre extraction and other
basic preparations. During sample collection
physical properties such as length, weight,
diameters, number of layers and number of
sheaths were recorded. The samples selection
was done randomly from different fields within
Kiwira village. The banana pseudostem was cut
approximately 10 cm above the ground followed
by the removal of all leaves and cleaning of
black-brown dry outer sheaths. Thereafter, the
banana pseudostem was for convenience of
transport and fibre extraction cut to one meter in
length, approximately 30 cm from the stem-end
ready. The 30 cm from the stem-end were
estimated to clear out a zone where the layout of
sheath layers was not clearly identified.

2.3.2 Moisture content determination

A ring section at the center of each sample was
cut and immediately stored in a separate plastic
bag to protect it from any possible moisture
content changes. The specimens were weighed
to the accuracy of 0.1 gram and after that oven
dried. Drying temperature in the oven was set at
103°C for 24 hours as per ASAE S358.1 -
moisture measurement-forages [38], Whalley et
al., [39]. Weightings were carried out using an
analytical balance immediately after specimen
removal from the oven, with an accuracy of 0.01
gram in order to determine the dry weight for

determination of moisture content using
equation 1:
we,,,, == Ms 100
‘ )
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Where,

WC ) = Water Content wet basis, percent.
My = Specimen dry weight
M, = Specimen total weight

2.3.3 Fibre scraping

Fibre used in this study were extracted from the
banana pseudostem wusing ‘hand scraping’
method as it is cheap, convenient and offers a
good quality raw fibre [15,40] Hand scraping
process was carried out in two stages in which
few strips of banana sheaths were used for trial
extraction to check the effect of water content
and scraping tool, on fibre extraction. Some
sheaths were extracted while in fresh state while
some were left for one day under shed to drain
water and become withered. Stage one
extraction results led to actual extraction.

In stage two, the extractable pseudostem were
weighed before there were made into separate
sheaths. All extractable sheaths from each layer
were weighed and placed for fibre extraction.
The extraction process required a wooden bench
and a sheath squeezing equipment. A hand
driven squeezing roller was made locally to
assist the scraping process. Each sheath was
made into strips of about 7cm wide and passed
through the roller for squeezing then brought on
the wooden bench for scraping. A blunt flat steel
bar was welded in T- shape and therefore used
to scrap the sheath until it was free from
vegetative matter.

2.3.4 Fibre recovery determination

Banana fibres from the extraction process were
sun dried and stored in plastic bags to avoid
moisture contamination and damage. Fibre
extracted from each layer of the banana trunks
were weighed and recorded to 0.01 g precision
and the fibre recovery percent were calculated
using equation 2.

Weight of fibre(g)

- x100
Weight of extractable sheath(g)

Fibre recovery (%) =

)
2.4 Experimental Procedure

2.4.1 Specimens preparation

The extracted banana fibres were stored in
plastic bags and all precautions were taken to
ensure the fibres are not under any load to avoid
damage which could change physical properties.
Specimens for tensile testing were prepared
according to ASTM D 3822 standard preparation
procedure [41,42]. Specimens preparations were
done during the day time and left overnight to
ensure curing of glue and acquire environment
equilibrium before testing. Single fibre filament
specimen was selected randomly and carefully
separated from the bundle and glued onto a
paper tab as depicted in the Fig. 1. The gauge
length defines distance between the tabs.
Several trials were done to identify proper glue or
adhesive material which cure for short time and
that ensures non slippage.

- 25 - Gluing point
Faper tabk w [ /'Filore Filament
1
o » g

N

\\ i

13 Gauge hole

- 100 -

Fig. 1. Fibre specimen mounting in a paper tab
(All units in mm)
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Fig. 2. Specimen mounted on ZWICK/010 tensile testing machine clamp

2.4.2 Tensile test

A total of three hundred and eighty pseudostem
fibre samples were tested according to ASTM D
3822 standards using ZWICK/010 (Zwick GmbH
& Co. KG, Germany) tensile testing machine.
The machine had adequate response to record
modulus of rigidity, maximum force at break,
elongation at maximum force and stress-strain
curve of fibre under test. Two points of stress
were set on the machine to determine the
modulus. The distance between the clamps was
adjusted to achieve the gauge length of 30 mm
and test speed was set to 30 mm/min. Each test
specimen was mounted in the clamp jaws for test
as depicted in Fig. 2. Precautions were taken to
ensure fibre specimen was straight within the
jaws and that it lies on the line of action between
the force measuring sensors. After proper
clamping, side bands of paper tab were cut to
ensure only the fibre specimen was pulled. Then
machine was set to pre-load the specimen at 2
cN/tex and pre-load speed of 120 mm/min
without stretching the specimen. The tensile
testing machine was then switched on. The
machine was also set to return to its
starting point and to zero the force after
breaking the specimen. The same
procedure was repeated until all specimens were
tested.

2.5 Fibre Linear Density

Each unstrained fibre filament specimen was cut
to 105 mm and weighed on an analytical balance
to a precision of 0.1 mg. Calculations of fibre
linear density which is mass per unit length was
done using equation 3.

Linear density = M, x (@J , tex
L
()
Where,

Ms = mass of fibre filament specimen
L = length of fibre filament specimen

Tex is a measurement of linear mass density of
fibres (mass in grams per 1000 meters) [43].

2.6 Breaking Tenacity

Therefore, the breaking tenacity of the individual
unstrained fibre specimen was calculated using
the equation 4 and expressed in gf/tex.

Breaking tenacity = M
T @)

Where

M = breaking force, in grams-force, and
T = linear density, in tex

Tenacity is a measure of strength of a fibre or
yarn. It is defined as the breaking (maximum)
force of the fibre divided by the linear density [7].
2.7 Characterization of Banana
Pseudostem Samples

Based on fundamental tensile properties, the
banana pseudostem varieties were characterized
for their potentiality on fibre extraction and end
use limitations.
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3. RESULTS AND DISCUSSION
3.1 General Physical Properties

Pseudostems from banana typically cultivated in
the Southern Highlands of Tanzania exhibited
slight variation on the number of layers as
depicted in Table 1. Study samples collected
showed that Ndyali and Malindi had equal
number of layers whereas Matoke had the least
number. The number of sheaths varied among
the cultivars of with a greater number observed
was in Ndyali as compared to Matoke, Uganda
and Malindi. From the four banana pseudostems
cultivars, Matoke was observed to have the
lowest number of sheaths followed by Uganda.
Observation of physical properties concluded
that the number of sheaths vary from one cultivar
to the other due to central core size.

3.2 Moisture Content Results

The highest average water content (MC) as
depicted in Table 1, was determined as 87.46%
from Matoke followed by Malindi and Uganda
with the least being from Ndyali at 81.33%. The
study findings showed that the MC for all the
cultivars to be less than 90%. This study findings
agrees with similar results which shows an
average values of 75% [44] and as reported in
Okelana [45], Li et al. [46] and Souza et al. [47].
The MC variations from both studies are
presumed to be primarily due to age of the plant
and season the samples were harvested.

3.3 Fibre Extraction Results

The trial fibres extraction exercise revealed the
effect of scraping tool and water content in the
sheaths. A sharp edge of metal bars that was
used in finding the effectiveness of scraping
seemed to damage fibres. Through several trials,
blunt metal edges gave good results of the
scraping process and damage to fibre was very
minimal. Similarly, it was noted that scraping tool
can affect the fibre yield. The water content from
the study samples also showed to have effect on
extraction process. There was an ease extraction
with the freshly sheaths compared to withered
sheaths as depicted in Fig. 3. The fibre color
varied with water content as the freshly sheaths
gave whiter fibre than withered sheaths.

Data obtained from weighing the extractable
sheaths are depicted in Table 2. Upon removing
dry brown and all damaged sheaths, a minimum
of four and maximum of eight layers were
obtained among the varieties for fibre extraction.
High average extractable weight was recorded
from Uganda variety. Manual scraping process
was tedious and time consuming although it gave
fibre in its raw form.

3.4 Fibre Recovery Results

Results of fibre yield and recovery percent by
manual scraping method showed the highest
recovery of the extractable weight as 1.57 %
obtained from Ndyali cultivar, followed by Matoke
at 1.12% and the lowest was recorded from

Table 1. Banana pseudostems physical properties

Variety Sample Weight Diameter (mm) Length  No. of No. MC
(kg) Bottom Mid Top (m) layers sheaths (% Wb)
Matoke M1 55.00 200 160 100.00 4.70 8.00 14 82.8
M2 56.00 190 155 110.00 4.00 7.00 15 95.1
M3 37.00 140 115 80.00 3.90 5.00 10 84.5
Average 49.33 176.67 143.33 96.67 4.20 7 13 87.5
Ndyali N1 55 230.00 180.00 100.00 3.90 10.00 22 82.6
N2 37 190.00 130.00 90.00 3.70 8.00 16 89.3
N3 40 190.00 140.00 100.00 4.20 9.00 17 72.1
Average 44 203.33 150.00 96.67 3.93 9.00 18 81.3
Malindi Ma 1 62.00 250.00 200.00 140.00 3.20 8.00 18 83.0
Ma 2 70.00 270.00 200.00 140.00 3.30 8.00 17 88.2
Ma 3 68.00 240.00 180.00 120.00 3.80 8.00 16 89.8
Average 66.67 253.33 193.33 133.33 3.43 9.00 17 87.0
Uganda Ul 85.00 250.00 200.00 130.00 4.70 8.00 16 83.9
u2 60.00 240.00 150.00 120.00 4.35 9.00 15 79.5
U3 55.00 200.00 140.00 110.00 4.50 8.00 13 83.7
Average 66.67 230.00 163.33 120.00 4.52 8.00 15 82.3
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Fig. 3. Fibre from fresh sheaths (left) and withered sheaths (right)

Table 2. Weights of extractable sheaths (kg)

Layers Banana varieties
Matoke Ndyali Malindi Uganda

M1 M2 M3 N1 N2 N3 Mal Ma2 Ma3 U1l U2 U3
1 51 2 2 25 2 25 4 225 25 3 4 2.25
2 2 25 175 2 2 2 25 2 25 25 4 2.25
3 18 15 175 2 15 2 225 2 25 2 3 2
4 18 2 2 15 14 16 225 2 225 225 3 2
5 17 2 0 125 1 12 225 2 225 2 2 2
6 06 2 0 125 1 1 2 12 2 225 0 0
7 05 O 0 125 1 1 075 1 15 07 O 0
8 0 0 0 125 0 0 0 0 0 0 0 0

135 12 75 13 99 113 16 1245155 14.7 16 10.5
Core weight 5 45 25 4 3 29 4 4 45 55 6 5
Total (Kg/m)) 32 285 175 30 228 255 36 289 355 349 38 26
Aver. gross wt. (Kg/m) 26 26.1 33.47 32.97
Average extractable 11 114 14.65 13.73

weight (kg)

Uganda at 1%. The range of these results falls
within 0.80 to 2.71%.as reported in Preethi and
Balakrishna Murthy [48]. These results show that
there is significant difference in fibre yield and
recovery between the studied varieties. From this
study, factors like number of sheaths, size of
central core, moisture content of sheaths were
observed to affect fibre yield. Some of these
factors are presumed to vary due the nature of
variety and others due to soil fertility and plants
care. Generally, the quantity and quality of fibre
depended on the number, width and location of
each sheath in the banana pseudostem. The
fibre yield results of this study a potential for
future commercial production of banana
pseudostems fibres.

3.5 Tensile Test Results

Tensile testing results and calculated properties
of banana fibre from three hundred and eighty

samples of fibre chosen randomly from banana
fibre collection at respective extractable layers of
each variety are presented in Table 3. These
results demonstrate that fibre from Uganda
cultivar were coarse and stiffer than all cultivars
investigated. The results reveal higher
extensibility in Malindi cultivar followed by
Matoke and Uganda cultivars. In this study, the
range of tensile strength results are within those
reported in Mwaikambo [49] and that of Kulkarni
et al. [50] which were 529-914 MPa, 27-32 GPa
and 1-3%; 711-930.734 MPa, 27-32 GPa, and
2.47-3.58%, in breaking stress, Young’s Modulus
and breaking strain respectively. Furthermore,
results in Table 3 depicts that fibres with higher
stiffness exhibit medium breaking elongation and
therefore banana fibres are stiff and ductile which
might be the effect of cellulose content [51].

banana
Southern

Interrelated of

pseudostems

strength  properties
cultivated in the
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Highlands of Tanzania are depicted in Table 4.
The properties show that the stiffness of fibres in
all banana cultivars decrease from outer to inner
part of the banana trunk, while elongation at
break increases as indicated in Figs. 4 and 5.
This reveals that, inner fibres from all cultivars
exhibit lower force at break as compared to fibres
from outer sheaths. Uganda cultivar fibres exhibit
higher fibre modulus and elongation which
contribute to potential stiffness and flexibility
properties for composites. The variation of these
tensile properties along the layers may render a
room for making a composite of varied
properties. However, Malindi and Ndyali cultivars
seem to be better for handicraft activities such as
table mats, wall hangings among others as they
have showed good elongation and fibre fineness.

Statistical analysis using ANOVA-one way at p <
0.05 or 95% significance level, as shown in Table
5 the overall results show that there was a
significance difference for all banana cultivars in
linear density, E-modulus, elongation, strength,
load and breaking tenacity. Moreover, one-way
ANOVA analysis between layers revealed that,
the properties were different in each layer except
for tenacity as explained. There was a significant
difference between the layers (3,56) = 3.265, p =
0.028; F (6,98) = 8.108, p = 0.001; F (5,84) =
7.686, p = 0.001; and F (4,70) = 2.944, p = 0.026
in elongation for Matoke, Ndyali, Malindi and

Uganda cultivars respectively. Furthermore,
there was great difference in modulus F(6,98) =
3.830, p = 0.002; F(5,84) = 6.638, p = 0.001 and
F(4,70) = 6.939, p = 0.001; for Ndyali,
Malindi and Uganda cultivars respectively,
except that there was no significance differences
F(3,56) = 2.029, p = 0.120 for matoke
cultivar.

3.6 Fibre Linear Density

Banana pseudostems fibres linear density was
calculated for each cultivar and results were
obtained as shown in Tables 6 and 7. The results
depict a higher linear density for Uganda cultivar
against almost similar values for Malindi, Matoke
and Ndyali cultivars. This reveals that fibres from
Uganda cultivars are heavier than all tested
samples. Likewise, the results show that linear
density vary significantly between layers for all
cultivars with the inner having higher tex than the
outer ones.

3.7 Breaking Tenacity

Fibre tenacity results for banana pseudostems
are depicted in Table 8 and Table 9. Tenacity
was revealed to be higher in Matoke cultivar at
67.23 dfitex followed by Uganda (62.04 df/tex),
Ndyali (58.85 gf/tex) and Malindi (55.70 (gf/tex)
cultivars. The results also show there was no

Table 3. Tensile properties of banana pseudostems fibres

Mechanical properties

Banana cultivars

Matoke Ndyali Malindi Uganda
Young’s Modulus Minimum 18996.24 17852.44 22744.75 25537.65
(N/mm?) Maximum  38639.83 31060.48 33455.78 38062.61
Average 28781.25 26122.57 28556.92 32235.08
Std. Dev. 5745.16 3324.77 3211.61 4087.30
C.var. 0.20 0.13 0.11 0.13
Breaking elongation (%) Minimum 2.5 2.7 2.7 2.8
Maximum 4.0 3.5 4.3 3.8
Average 3.2 3.1 3.5 3.2
Std. Dev. 0.41 0.23 0.40 0.30
C.var. 0.13 0.07 0.11 0.09
Breaking stress (N/mm?)  Minimum 679.97 493.91 823.64 818.16
Maximum  1347.72 1043.62 1139.25 818.16
Average 886.74 805.09 979.03 1010.97
Std. Dev. 169.51 148.26 111.20 102.37
C.var. 0.19 0.18 0.11 0.10
Breaking load (N) Minimum 8.53 7.86 9.66 8.85
Maximum  12.10 12.46 12.76 14.03
Average 10.67 9.63 11.25 12.33
Std. Dev. 1.02 1.14 0.88 1.31
C.Var 0.09 0.12 0.08 0.11
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Fig. 4. Young's modulus comparisons among layers
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Fig. 5. Elongation comparisons among layers

significant differences of tenacity among layers, Uganda cultivars respectively. However, the
F(3,56) = 1.348, p = 0.268; F(6,98) = 1.870, p = trend of tenacity (strength) was seen decreasing
0.94; F(5,84) = 0.014, p = 1.000 and F(4,70) = as moved from outer layers towards inside
0.620, p = 0.650 in Matoke, Ndyali, Malindi and layers.

190



Livifile et al.; SARJINP, 2(3): 182-196, 2019; Article no.SARJINP.54444

Table 4. Young’s modulus values across layers (n/mm?)

Variety L1 L2 L3 L4 LS L6 L7
Matoke Min 10502.8  15199.3 22627.0 12325.6 19535.6 12683.9 14131.8
Max. 37106.0 59215.6 51197.3 61848.2 42965.6 35061.1 34633.6
Aver.  24147.1  32160.9 32548.3 32556.0 30813.7  25523.0 27136.9
Ndyali Min 10879.5 26518.8 11706.2 12627.1 6664.9 9104.8 10669.7
Max. 46764.2 47988.9 501549 377643 447744 426999 33235.0
Aver.  24859.8 345724 294104 25150.9 22692.3 22490.9 23681.3
Malindi Min 13859.0 193255 15167.1 4653.8 14573.0 135114 16012.1
Max. 37910.0 445769 64027.8 38559.8 44277.0 378545 31624.5
Aver.  23201.3 30270.2 39630.4 25374.6 27680.6 26446.6 26196.4
Uganda Min 14352.6  25071.7 27278.5 118219 21802.8 18363.2 15884.4
Max. 44511.7 49238.6 56713.1 53532.2 45740.1 34584.0 38051.1
Aver.  27589.2  34028.7 42284.7 30541.1 29296.6 26547.8 26121.8

Table 5. Properties comparison among banana cultivars using one-way ANOVA

Parameter being Comparison in variety of P - Value Overall p-value
compared banana fibres
Young’s Modulus Matoke Vs Ndyali 0.324
Matoke Vs Malindi 0.999
Matoke Vs Uganda 0.127 0.003
Ndyali Vs Malindi 0.402
Ndyali Vs Uganda 0.001
Malindi Vs Uganda 0.093
Breaking Elongation Matoke Vs Ndyali 0.986
Matoke Vs Malindi 0.042
Matoke Vs Uganda 1.000 0.011
Ndyali Vs Malindi 0.017
Ndyali Vs Uganda 0.988
Malindi Vs Uganda 0.040
Breaking Stress Matoke Vs Ndyali 0.360
Matoke Vs Malindi 0.255
Matoke Vs Uganda 0.069 0.001
Ndyali Vs Malindi 0.005
Ndyali Vs Uganda 0.001
Malindi Vs Uganda 0.917
Breaking Load Matoke Vs Ndyali 0.056
Matoke Vs Malindi 0.476
Matoke Vs Uganda 0.004 0.001
Ndyali Vs Malindi 0.001
Ndyali Vs Uganda 0.001
Malindi Vs Uganda 0.166
Breaking Tenacity Matoke Vs Ndyali 0.065
Matoke Vs Malindi 0.005
Matoke Vs Uganda 0.404 0.007
Ndyali Vs Malindi 0.776
Ndyali Vs Uganda 0.769
Malindi Vs Uganda 0.231
Linear Density Matoke Vs Ndyali 1.000
Matoke Vs Malindi 0.001
Matoke Vs Uganda 0.001
Ndyali Vs Malindi 0.001 0.001
Ndyali Vs Uganda 0.001
Malindi Vs Uganda 0.491
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Table 6. Linear density values among banana varieties

Property Matoke Ndyali Malindi Uganda
Linear Density Minimum 14.76 14.01 18.50 16.76
K g/1000 m Maximum 19.86 20.68 23.81 29.71
(tex) Average 17.56 17.61 21.27 22.59
Std. Dev 1.60 2.24 1.49 3.99
C.Var. 0.09 0.13 0.07 0.18
Table 7. Linear density values across layers (tex)
Variety L1 L2 L3 L4 L5 L6 L7
Matoke Min 11.43 15.24 14.29 9.52 5.71 9.52 10.48
Max. 18.10 33.33 28.57 29.52 39.05 27.62 30.48
Aver. 14.92 21.02 21.59 19.62 16.86 11.14 11.81
Ndyali Min 10.48 11.43 9.52 6.67 8.57 8.57 13.33
Max. 24.76 27.62 27.62 26.67 25.71 28.57 23.81
Aver. 18.20 17.14 16.06 16.63 15.56 20.19 19.49
Malindi Min 8.57 13.33 18.10 20.95 17.14 14.29 12.38
Max. 18.10 33.33 28.57 29.52 39.05 27.62 30.48
Aver. 14.22 21.90 23.62 24.70 22.98 20.57 20.00
Uganda Min 11.43 15.24 10.48 8.57 17.14 18.10 7.62
Max. 30.48 29.52 58.10 26.67 30.48 24.76 10.48
Aver. 19.37 21.65 32.57 18.73 24.38 21.33 9.14
Table 8. Tenacity values among banana cultivars
Property Banana cultivars
Matoke Ndyali Malindi Uganda
Breaking Tenacity (gf/tex) Minimum  48.59 43.92 40.85 47.83
Maximum  87.32 71.43 63.36 80.81
Average 67.23 58.85 55.70 62.04
Std. Dev.  10.92 7.65 7.4 9.71
C.var. 0.16 0.13 0.13 0.16
Table 9. Tenacity values across pseudostems layers (gf/tex)
Banana Banana pseudostems fibres layers
cultivar L1 L2 L3 L4 L5 L6 L7
Matoke Min 24.28 26.89 28.19 17.36 26.07 75.76 49.24
Max. 119.80 92.18 95.83 73.53 196.76 127.48 104.09
Aver. 64.94 64.01 61.40 50.69 77.89 98.55 84.05
Ndyali Min 21.00 31.00 14.50 27.29 19.59 35.03 35.89
Max. 73.56 110.24 124.84 98.32 91.51 79.87 65.05
Aver. 46.02 67.23 63.43 63.15 58.92 56.64 56.55
Malindi Min 24.35 32.72 24.91 39.07 32.51 27.20 23.59
Max. 114.41 107.53 76.19 71.89 87.77 78.23 94.93
Aver. 57.12 57.32 55.84 56.76 57.19 57.02 49.11
Uganda Min 39.29 42.58 42.58 28.32 37.63 54.31 135.93
Max. 105.35 .58 91.58 93.23 65.50 76.08 151.45
Aver. 61.69 59.04 59.04 54.48 53.92 66.01 142.91
3.8 Tensile Properties Characterization terms of tenacity, Young’s modulus and

of Banana Pseudostems

The characterization of banana cultivars
grown in southern highlands of Tanzania showed
difference in their tensile properties. The
analysis of fibres from banana cultivars
demonstrated a significant difference in

elongation among the four as depicted in Table
10. It has also been shown that the
physical and mechanical properties of plants vary
with  plant  varieties and  geographical
conditions as reported in Asim et al. [52] Rowell
et al. [53], Glinski [54] and Omotoso and
Ogunsile [55].
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Table 10. Fundamental properties differences among banana cultivars

Fundamental Banana cultivars

property Matoke Ndyali Malindi Uganda
Tenacity (gf/tex) 4859 -87.32 43.92-71.43 40.85 - 63.36 47.83 —80.81
(% Change) (79.71) (63.77) (55.10) (68.95)
Young’s Modulus (GPa) 18.99- 38.64 17.85 - 31.06 22.74 - 33.45 25.54 — 38.06
(% Change) (103.46) (74) (47.1) (49.02)
Elongation (%) 25-4.0 27-35 27-43 2.8-38

(% Change) (60) (80) (160) (135)

Table 11. Comparison of natural fibres and synthetic properties

Fibre type Tensile strength  Tensile modulus Elongation References
(MPa) (GPa) (%)

Banana 529 -914 27-32 1-3.2 Indira et al. [56] &
Mwaikambo [49]

Banana 494 - 1348 17.85 - 38.64 25-43 Present work

pseudostems

Jute 200 - 773 25-55 15-3 Kozlowski et al. [57] &
Mwaikambo [49]

Flax 345 - 1200 27.6 - 100 2-33 Kozlowski et al. [57] &
Mwaikambo [49]

Kenaf 295-1191 22 -60 1.6-35 Kozlowski et al. [57]

Coir 106 - 175 4-6 15-40 Al-Bahadly [58] &
Mwaikambo [49]

Abaca 12 41 34 Mwaikambo [49]

Sisal 80 - 840 9-22 2-14 Mwaikambo [49]

Cotton 287 - 800 55-12.6 6-8 Mwaikambo [49]

E-Glass 2000 - 3500 70-73 2.5 Rejab et al. [59]

Carbon 4000 230 - 240 1.4-1.8 Al-Bahadly [58]

Fibre tensile properties comparison between the
findings of the present study with other natural
fibres and synthetic fibres is depicted in Table
11. It is observed that, the tensile strength and
the tensile Young’s modulus of banana fibre as
determined from this study were lower compared
to those of synthetic fibres (E-Glass and
Carbon). Nevertheless, elongation of banana
fiores were determined to be higher than
synthetic fibres. In relation to other natural fibres,
banana fibre from this study showed higher
elongation range except for coir fibre which
differed greatly in all properties.

4. CONCLUSIONS

The study investigated suitability of banana
pseudostems fibres from four cultivars popularly
grown in the Southern Highlands of Tanzania.
Fibres from Matoke, Ndyali, Malindi and Uganda
cultivars were manually extracted and
experimentally examined to determine physical
and mechanical properties. The following
conclusions were drawn:
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The manual method of fibre extraction
showed a positive trend of fibre yield but it
cannot be recommended for mass
production because it is tedious and time
consuming.

The study findings showed that the
moisture content for all the cultivars to be
less than 90% which agrees to similar
studies.

The number of bananas pseudostems
sheaths varied among the cultivars
primarily due to central core size.

Tensile test results demonstrated that fibre
from Uganda cultivar were coarse and
stiffer than all with higher breaking tenacity
observed in Matoke cultivar. The results
further revealed higher extensibility in
Malindi cultivar followed by Matoke and
Uganda cultivars.

The percentage of fibre recovery is only
about 1% therefore the large proportion is
still considered as a waste and therefore
recommends further study on the
usefulness of the remaining.
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e Fibre linear density results show significant
variations between layers for all cultivars
with the inner layers having higher tex than
the outer ones.

The results from present work demonstrated that
the banana cultivars grown in the Southern
Highlands of Tanzania achieved good tensile
properties for potential fibre extraction.
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