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ABSTRACT

With the consumer's enhanced awareness of eco-safety, there has been an increasing tendency
towards the use of sustainable and environmentally friendly materials. Thus considerable attention
has been given to products from plants, for use in various industries notably in the textile industry.
Among these plants banana is selected for this review, since it is the second largest produced fruit
after citrus, contributing about 16% of the world’s total fruit production. This review provides
literature information about classification of functional finishing, some important finishes, and their
evaluation tests methods. In addition to focus on recent researches concerning utilization and
application of banana extract for various textile finishing purposes such as coloration, deodorizing,
flame retardant, UV protection, antimicrobial activity, and other important applications around the
world for producing appealing and highly functional value-added textiles such as fibers, dyes ,
pigments, polyphenols, and other biologically active compounds.
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INTRODUCTION

Wet processing of textile substrates starting from its preparatory to coloration followed by
finishing is important for its value addition in terms of aesthetic value, removal of impurities, color
shade, color pattern and requisite functionality. However, some of the traditional processes are
water, energy and chemical intensive. Recently, due to global awareness on environmental
pollution, and sustainability, both the academic research and textile industrial product development
have been intensified to seek for sustainable dyeing and finishing processes, using plant waste and
non-food plant extracts,(Samanta.et al, 2017). Based on environmental friendly plant-based
products characterized by biocompatibility, biodegradability, non-toxicity, in addition to their
recently discovered properties such as insect repellent, deodorizing, flame retardant, UV protection,
and antimicrobial activity are gaining popularity all around the world for producing more appealing
and highly functional value-added textiles, (Wai et al. 2015), (Yuyang and Cheng, 2017), (Shahid,
. 2013), (Kartic, et al. 2014), (Sasmita et al. 2013), (Salah, 2013), (Hou et al. 2013) and (Yi and
Yoo, 2010). Natural bioactive compounds as promising alternatives to synthetic finishing agents
have recently gained increasing attention in the textile industry due to their eco-friendliness, low
irritation, and biocompatibility, antibacterial activity, (Teli, et al. 2014), antioxidant, and UV-
protective properties, (Yuyang. and Cheng, 2017 ). A wide variety of finishing chemicals from
plants are now available in the market that meet or exceed the expectations of consumers, (Roshan,
2015). Various plants are cited as sources of natural dyes such as Teak, Mahogany, Ketapang,
Tamarind, Mangosteen, Mango, Suji, Pandan, Indigofera, Guava, Banana and Onion, (Nurizza,
2015). Plant parts including roots, leaves, twigs, stems, heartwood, bark, wood shavings, flowers,
fruits, rinds, hulls, husks, and the like serve as natural dye sources. In addition most of the natural
dyes have inherently antimicrobial properties and consequently, could possess high medicinal
potential properties, (Sujata, and Raja, 2014). Among these plants banana extract is used in various
applications for dyeing and finishing of textile. Consequently, researchers have begun to search in
its eco-friendly utilization for functional finishes. The purpose of this paper is to over view and
focus on papers about extraction application and utilization of banana plant for functional finishing
of textile substrates.

Banana Utilization and Composition:

Banana and banana parts serve as a unique ideal and low cost food source in developing countries.
Most of the populations depend upon taking cheaper rate nutrition fruits. Banana sap consists of
different chemical constituents like carbohydrates, cellulose, lignin, ash, coloring matter and
portentous material. (Barhanpurkar, 2015). Banana is the second largest produced fruit after citrus,
contributing about 16% of the world’s total fruit production (FAO, 2009). Banana production is
estimated around 72.5 million metric tonnes as fruits, (Ramesh, 2017). Musaceae is a family of
flowering plants composed of three genera with ca 91 known species, placed in the order
Zingiberales. Banana family is native to the tropics of Africa and Asia. In most treatments, the
family has three genera, Musella, Musa and Ensete. Cultivated bananas are commercially important
members of the family, and many others are grown as ornamental plants. (Byng, 2016).

The chemical composition of banana fiber is cellulose (50-60%), hemicelluloses (25-30%), pectin
(3-5%), lignin (12-18%), water soluble materials (2-3%), fat and wax (3-5%) and ash (1-1.5%),
(Mukhopadhay, et al. 2008). Presently, the banana pseudo stem is hazardous waste, it has been used
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in several countries to develop important bio-products such as fiber which is spun to make yarn,
which is woven or knitted to produce fabric, apparel, as well as fertilizer, bio-chemicals, paper,
handicrafts, pickles ,candy, (Mohiuddin, 2014). Banana extract may be used for dyeing and printing
of textiles, finishing of textiles can also be obtained such as anti- microbial, flame retardant, ultra
violet protection finishing, besides their use as pigment binders, resins, and mordanting agents,
(Paul. 2013). Banana plant parts are engaging in textile arena such as table mat, stylish hand bag,
eco-shopping bag, laminated fabric, yarn, saree, shirt, female dress, night dress, coaster etc.
Moreover, it is involved with mordants, for cotton dyeing and promising dye adsorbent for treatment
of textile effluent (Reazuddinm, 2016), (Paul, 2013), (Shuaibing, 2013).

METHODS OF EXTRACTION

Traditional method: The traditional method used for extraction is that the plant material is added
directly to the dye bath. This has been used by dyers for centuries and is still used by many dyers in
north eastern states of India. The disadvantage of this method is that the plant material has to be
separated from the textile. It is not applicable to modern textile fabrication machines (pumps and
spinnerets will be choked). Two types of extraction may be carried out for characterization of the
colorant as well as analyzing the effect of newly found dye resources on cotton silk and wool. These
extraction procedures are:

Alcoholic extraction: Dry plant(leaves)are finely crushed through a grinder and then subjected to
soxhlet extraction, using methanol as a solvent. The cycle is repeated for three times at 60 ° C. Then
the cooled extract is filtered through a filter paper and the solvent may be removed through a rotary
evaporator.

Aqueous extraction: Respective plant parts are taken and poured in boiling water and then kept
on water bath at 60 © C for about one hour so as to extract all the material from them. The extraction

techniques are shown according to figure-1.
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Figure-1 Different Types of Extraction Techniques

Innovative Method for Extraction:

Efficient extraction of plant material is very important for standardization and optimization
of material from plants. Utilizing four types viz:
a) Soxhlet: When a compound of low solubility needs to be extracted from a solid mixture a soxhlet
extraction can be carried out. The technique places a specialized piece of glassware in-between a
flask and a condenser. The refluxing solvent repeatedly washes the solid extracting the desired
compound into the flask. Soxhlet extraction will be carried out for identification of extract. Dried
plant parts will be put into thistle of soxhlet extractor and methanol is used as solvent. Temperature
is maintained well under boiling point of the used solvent. Several cycles of solvent will be run for
better extraction.
b) Supercritical fluid extraction (SCFE): SCFE is a two-step process, which uses a dense gas as
solvent usually carbon dioxide above its critical temperature (31°C) and critical pressure (74 bar)
for extraction. The natural product is powdered and charged into the extractor. Carbon dioxide is
fed to the extractor through a high-pressure pump (100-350 bar). The extract charged carbon dioxide
is sent to a separator (60-120 bar) via a pressure reduction value. At reduced temperature and
pressure conditions the extract precipitates out in the separator. SCFE is superior over the traditional
solvent extraction of natural dyes because it uses a clean, safe, inexpensive, nonflammable,
nontoxic, environmentally friendly, nonpolluting solvent-carbon dioxide (CO2). In addition, the
energy costs associated with SCFE is lower than the conventional techniques.

c) Subcritical water extraction: It is performed with some plants to extract natural products.
Water is purged with nitrogen to remove dissolved oxygen prior to the extraction. Deoxygenated
water will be used in an HPLC pump programmed for a constant flow of 1-3 ml/min-t. A 10.4 ml
extraction cell equipped with 0.5 m frit at the inlet and outlet is connected to a 1 m cooling loop
outside of the oven.

d) Sonicator methods: Ultrasound-assisted extraction is carried out by mixing dried and ground
sample in methanol or any solvent in a flask, which is then placed in an ultrasonic bath for 30 min.
At the beginning, the temperature of extraction is kept 20-40°C and after one hour of extraction it
must be raised to 60 °C. The extraction is repeated two-three times and the extracts is then collected,
(Handa., et al. 2008), (Lee, 2013).
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Figure 2: Structure of the banana peel crude alkaline extracted compound

CLASSIFICATION OF FUNCTIONAL FINISHES

Broadly, the finishing can be classified into the following classes, which are used individually or
in combination with each other: mechanical, chemical and biotechnological finishes. Both mechanical
and chemical finishes are classical finishes and these two types are, in fact, complementary. For
example, the results obtained in mechanical finishing are greatly influenced by the previous chemical
history of the fabric, and to obtain maximum benefit from chemical finishing, careful selection of
relevant mechanical finishing treatments is essential, (Paul, 2015).
Mechanical finishing: Involves the application of physical principles such as friction, tension,
temperature, pressure, etc.
Chemical finishing: Traditionally, many of the functional properties given to textiles are achieved at
the final finishing stage, where the chemical treatment of the fibers changes their appearance and
improves their functional and comfort properties. The finishing is imparted by means of chemicals of
different compositions and a textile can receive new properties otherwise impossible to obtain with
mechanical means. A wide variety of functional properties can be created on textiles by means of
chemical finishing and it is also possible to develop multifunctional textiles. The major application
methods include padding, exhaustion, coating, spraying and foam application. With the advent of
nanotechnology, a new area has developed in the realm of textile finishing. Nanotechnology is
opening new avenues in chemical finishing, either resulting in improved processes or helping to
achieve new functional properties like self-cleaning effects, which were not possible with
conventional finishes.
Biotechnological finishes: The recent trends in industrial biotechnology show that social,
environmental and economic benefits go hand-in-hand with applications of this technology. Enzymes
are the most important biological agents that are now used in the textile industry (Paul, 2015). Today,
enzymes are used to treat and modify fibers, particularly during textile pretreatments and for finishing
the textiles afterwards.
Finishes for protecting wearers and textiles:
These finishes deal with the protective aspects of the functional finishes for both wearers and textiles.
The different finishes include insect repellent finishes.
Functional finishes for textiles: antimicrobial finishes; hydrophobic and oleophobic finishes; flame
retardant finishes; ultraviolet protection finishes; radiation protection finishes; antistatic and
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electrically conductive finishes; biological and chemical protection finishes; and ballistic and stab
protection finishes.

Antimicrobial finishes:

Textiles, especially those made of natural fibers, are an excellent medium for the growth of microbes
when the conditions are favourable. Most synthetic fibers are more resistant to microbes than are
natural fibers, due to their high hydrophobicity. The structure and chemical nature of natural fibers
can induce microbial growth, but it is the humid and warm environment that aggravates the problem
further. The growth of microbes negatively affects the textile material as well as the wearer. Hence,
antimicrobial finishes should be applied to textiles to prevent the growth of microbes, and to destroy
or suppress the growth of microorganisms and their negative effects of odors, staining and
deterioration (Kumari et al. 2016), and also to protect the textiles from strength and color loss,
unpleasant odour and quality deterioration (Akhilesh, 2012), (Mamta and Kaur, 2013).

Flame retardant finishes:

Flame retardant treatments are usually applied to combustible fabrics used in children’s sleepwear,
carpets and curtains for preventing these highly flammable textiles from bursting into flame.
Ideally, the best flame retardant system for textiles should char the fiber, releasing no toxic smoke
or gases, and prevent afterglow. The future of flame retardancy is hindered greatly by
environmental and eco-toxicological considerations, both of the flame retardant chemicals and of
the toxic nature of the byproducts released upon combustion of textile fabrics (Xu et al. 2012),
(White et al. 2013), (Alongi et al. 2011). Research is also focusing on ‘green’ solutions like
enzymes and in tumescent flame retardants such as expandable graphite.

Ultraviolet protection finishes:

Textiles have been used for protection against solar radiation since the time of ancient civilizations.
Textile structures render unique characteristics required for sun screening apparel such as
pliability, good mechanical strength, softness, aesthetics and other engineered properties. But
textiles as such may not be able to provide effective protection and should be treated with UV
blocking agents to ensure that the fabrics deflect the harmful UV rays. The extent of skin protection
required by different types of human skin depends on UV radiation intensity and distribution with
reference to geographical location, time of day and season. Several UV blocking agents are being
developed to add to or improve the UV protection function of textiles. There are both organic and
inorganic UV blockers. The organic blockers are also known as UV absorbers as they absorb the
UV rays, whereas the inorganic blockers efficiently scatter both UVA and UVB rays, the main
cause of skin cancer (Paul, 2015).

CHARACTERIZATION

The extracted components will be determined and characterized for each plant by using
different apparatus such as FTIR, NMR, HPLC, DSC, TGA, GPC and WAXD.
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Application of finishing on textile materials:

The characterized extracts will be applied to a 100% cotton fabric by:

Exhaustion, pad-dry-cure, coating, spray, foam and micro capsulation techniques. Various
methods for improving the durability of the finish include:

» In solubilisation of the active substances in/on the fiber.

* Treating the fiber with resin, condensates or cross linking agents.

* Micro encapsulation of the antimicrobial agents with the fiber matrix

* Coating the fiber surface.

* Chemical modification of the fiber by covalent bond formation.
Testing and Evaluation:

Antimicrobial Test:
Antimicrobial activities of the treated fabric with antimicrobial extract will be

evaluated by qualitative (AATCC147) and/or quantitative (AATCC100)methods

against ((Gram + ve and Gram — ve bacteria) and fungi), before and after washing.

Insect Repellent:
The treated fabric with insect repellent extracts will be tested by cone test method which is
recommended by WHO.

Measurement of Physical Properties:
The physical properties for the treated fabric such as:
Surface morphology: by using scanning electron microscope (SEM).
Tensile strength: Measurement of tensile stress—strain properties is the most common mechanical
measurement on fabrics. It is used to determine the behavior of a sample while under an axial
stretching load.
Tear strength: Tear strength is the tensile force required to start, continue or propagate a tear in
a fabric under specified conditions. A tear strength test is often required for woven fabrics used
for applications including army clothing, tenting, sails, umbrellas and hammocks.
Water repellent properties: This test method is applicable to any textile fabric, which may or
may not have been given a water-repellent finish. It measures the resistance of fabrics to wetting
by water according to (AATCC Test Method 22-2005 Water Resistance: Spray Test) and/or
(AATCC Test Method 35-2006 Water Resistance: Rain Test).

Evaluation of flame retardants:

Many factors influence the flammability of textiles, including the fiber type, the fabric weight and
construction, the method of ignition, the extent of heat and material exchange, and the presence or
absence of flame retardants. A measure that enables an obvious assessment of flame protection
properties is the limiting oxygen index (LOI), determined according to ASTM D-2863.
Vertically held specimens, determination of the ease of ignition/the flame spread properties, 1SO
6940/6941. The LOI is defined as the content of oxygen in an oxygen/nitrogen mixture that keeps
the sample at the limit of burning
LOI =100 x Oz: (O2 + N2), (Horrocks, 2000), (Horrocks, 2003).

DISCUSSION
Mansour, (2012), have evaluated banana peel (Musa, cv. Cavendish) as a multi-functional
antibacterial and UV protective agent for some Egyptian cotton fabrics treated with aqueous
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extract (0.1%) NaOH. The alkaline fractions of banana peel have been used as a natural dye for
cotton fabrics. The extracted solution was analyzed using a high performance thin layer
chromatography (HPTLC) analysis technique. The nit was applied to Ferric sulphate premordanted
bleached and mercerized Egyptian cotton fabrics made from a blend of Giza 89 and Giza 80 cotton
varieties. Antibacterial activity against Staphylococcus aureus and Klebsiella pneumonia was
analyzed qualitatively in terms of zone of inhibition, and quantitatively in terms of % reduction in
bacteria.

Table 1: The bacteriostatic reduction rates (%) of Giza 89 and 80 control and fabrics dyed with

banana peel extracts against Staphylococcus aurous and Klebsiella pneumonia

Klebsiella Staphylococcus Sample Fabric variety
pneumonia aurous
0.32 0.65 Control Giza 89
92.10 95.70 Unmercerized
98.32 99.90 Mercerized
0.12 0.50 Control Giza 80
90.31 93.80 Unmercerized
97.77 98.90 Mercerized

Source: Mansour, (2012)

Dyeing performance in terms of color parameters K/S, L*, a*, b* and AE were studied.

Effectiveness of banana peels against ultraviolet radiation was evaluated in terms of ultraviolet
protection factor value (UPF). The data obtained showed that the mercerized fabrics have excellent
antibacterial activity as shown in Tablel, high dye uptake with high UV protection properties
(64.0) among the control (19.8) and the unmercerized cotton fabrics (48.9). The data obtained
revealed that Giza 89 had the higher antibacterial activity, dye uptake with high UV protection
properties than Giza 80 with (UPF) of 59.8 for mercerized, 44.3 for unmercerized, and 17.99 for
the control fabric. These results are very important for industrial application with the production
of a natural dye, antibacterial, and UV protected materials as an inexpensive source from waste
banana peel as a by-product.
Saravanan, and Bhaarathi, (2017). Carried out a comparative study of antimicrobial activity of
different plants extract which conducted a survey for 7 days with 5 dish cloths, on which the
survey was at normal kitchen environment with normal temperature at the various districts of
Tamilnadu. The kitchen fabrics contaminated with a strain were investigated biochemically and
fabric supports the growth of bacteria/genus, namely Staphylococcus, Klebsiella, Shigella species.
The natural agents such as banana peel, Pomegranate peels, Casein & Cyclodextrin in extract form
were applied to the kitchen fabric by conventional pad-dry-cure method. Antibacterial tests carried
out following AATCC 100 2004, on these treated fabric samples proved that the plant extracts &
natural agents act as a good antibacterial agent for kitchen fabrics. The Banana peel, Casein and
Cyclodextrin extracts treated cotton fabric had higher bacterial growth reduction %, in comparison
with Murraya Koenigii and Pomegranate peels, especially combination of Banana peel, Casein
and Cyclodextrin extracts treated cotton fabric showed the highest efficiency among the other
treated fabric samples.
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Basak, et al., (2015) studied the flame retardancy of cellulosic cotton textile using banana
pseudostem sap (BPS), an eco-friendly natural product. The extracted sap was made alkaline and
applied onto pre-mordanted bleached and mercerized cotton fabrics. Flame retardant properties of
both the control and the treated fabrics were analysed in terms of limiting oxygen index (LOI),
horizontal and vertical flammability. Fabrics treated with the non-diluted BPS were found to have
good flame retardant property with LOI of 30 compared to the control fabric with LOI of 18, i.e.an
increase of 1.6 times. In the vertical flammability test, the BPS treated fabric showed flame for a
few seconds before it was extinguished. In the horizontal flammability test, the treated fabric
showed no flame, but was only burning with afterglow and a propagation rate of 7.5 mm/min,
which was almost 10 times lower than that noted with the control fabric; the results of flammability
parameters are shown in Table 2.

Table 2: Flammability parameters of treated and washed fabric
Fabric parameters
Sap treated (1,0) samples

Control sample

Flammability parameters After Before
washing washing
LOI 18 24 30
Horizontal flammability
Warp way burnrate mm/min. 75 20 7.5

Source: Basak, et al, (2015)

Due to higher LOI, the total burning time could be increased from 60 s in the control sample to
900 s in the BPS treated sample. Only banana pseudostem sap without any dilution was found to be
the best for application in the cotton textile under alkaline conditions. The thermal degradation and
the pyrolysis of the fabric samples were studied using a thermo gravimetric analysis (TGA), and the
chemical composition by FTIR, SEM and EDX, besides the pure BPS being characterized by EDX
and mass spectroscopy. The treated fabric was found to produce stable natural khaki color, and there
was no significant degradation in mechanical strengths. Based on the results, the mechanism of
imparting flame retardancy to cellulosic textile and the formation of natural color on it using the
proposed BPS treatment have been postulated.

Yee, and Khin, (2017) investigated the flame resistant effect of alkaline banana pseudostem sapat
different concentration sapplied to premordanted bleached cotton fabrics with tannic acid , and alum.
Treated fabrics were tested for some physical properties such as weight, and breaking strength. The
results showed improved physical properties. The fabric treated with the higher concentration of sap
gives the best flame retardance as compared to the other treated fabrics.

Basak, et al., (2015) studied the flame retardancy of ligno-cellulosic jute textiles treated with
alkaline banana pseudostem sap (BPS), which was applied to a pre-mordanted greige fabric. The
flame-retardant properties of both the control and treated fabrics were analysed for limiting oxygen
index (LOI), horizontal and vertical flalmmability, and the total heat of combustion. The treated jute
fabrics showed a far better flame-retardant property compared to the control fabric. By 1.9 times
increase in the LOI after application of the alkaline BPS, the treated fabric (1:4) LR. Showed no
flame and got self-extinguished within one minute. Based on thermal degradation, pyrolysis and

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018



Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018

dehydration studies, and analysis of the chemical composition of the flame-retardant finish prepared
from the BPS, the mechanism of imparting flame retardancy to jute textiles has been postulated.
The imparted finish was found semi-durable in soap wash, and did not cause any significant loss in
tensile and tear strength of the fabric.

Ramesh. V, (2017), investigated the aqueous extract of banana peel on functional properties of
plasma treated cellulose fabrics for medical applications.

Cellulosic fabrics (cotton, viscose, tencel) were treated with alkaline fractions of banana peel, which
was evaluated as UV protective agent and multi-functional antibacterial agent on the cellulose
substrate. The solution was extracted using 0.1% NaOH and was analyzed by Fourier Transform
Infrared Spectroscopy analysis technique. Two sets of fabrics normal set and plasma treated set were
tested. The dye extracted was applied to the ferrous sulphate premordanted cellulosic fabrics (for
both set of fabrics). Effectiveness of cellulosic fabrics dyed with banana peel extract against
ultraviolet radiation was evaluated in terms of ultraviolet protection factor (UPF) as shown in Table
3 and Table 4. Antibacterial activity was analyzed in terms of percentage reduction in bacteria.
Dyeing performance in terms of color parameters was studied. The data obtained showed that the
plasma treated cotton, viscose and tencel fabrics have good antibacterial activity, good dye uptake
with good UV protection properties than untreated normal cellulosic fabrics. The plasma treatment
increases the antibacterial activity, dye uptake and UV properties up to certain extent. The addition
of Fe as a mordant increases all the above mentioned parameters due to ternary complex of Fe on
one site with the fiber and on the other site with the dye and also the coordination sites of Fe metal
which are unoccupied can absorb UV incorporated into the fibers convert electronic excitation
energy into thermal energy. These results are very important for industrial application with the
production of a natural dye, antibacterial, and UV protected as an inexpensive source from waste
banana peel as a byproduct.

Table 3: Ultraviolet protection factor values of normal fabric

Type of fabric UPF Factor UVA uvB UV%
Cotton 40 3.62 2.42 97.38
Viscose 38 3.21 2.22 96.50
Tencel 42 3.81 2.63 97.92

Source: Ramesh, (2017)

Table 4: Ultraviolet protection factor values of plasma treated fabric

Type of fabric UPF Factor UVA uvB UV%
Cotton 41 3.89 2.72 97.98
Viscose 39 3.65 2.54 96.90
Tencel 42 4.05 2.73 98.02
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Source: Ramesh, (2017),
Alvakonda, (2016), investigated an eco-friendly silver nanoparticles using banana peel extract as
natural reducing agent to synthesize biodegradable silver nanoparticles. Natural silver
Nanocomposite hydrogels were prepared by a green process by reducing AgNO3 with banana peel
extract using acrylamide with banana peel extract. It was found to reduce the silver ions (Ag+ to
Ag®) and capping agent. The characteristic color of hydrogel is changed to reddish brown in the
reaction due to reduction. The UV-Vis spectrum of silver nanoparticles revealed a characteristic
surface plasmon- resonance peak at 460 nm. X-ray diffraction revealed their crystalline nature.
Scanning electron microscope showed monodispersed spherical shaped nanoparticles. The average
size of nanoparticles was 10nm as confirmed by Transmission electron microscope. Fourier
transform infrared spectroscopy (FT-IR) affirmed the role of banana peel as a reducing and capping
agent of silver ions. The antibacterial activity of these nanoparticles was also studied against Gram-
positive and Gram-negative bacteria. The characteristic color of hydrogel is changed to reddish
brown in the reaction due to reduction of AgNOs,
Benitta, and Kavitha, (2014) studied the use of banana stems as a source of fiber. It is used all
over the world for multiple purposes such as making tea bags or sanitary napkins to Japanese yen
notes and car tyres. It is also known as strongest natural fibers. Banana stem, hitherto considered
a complete waste, is now being made into banana-fiber cloth which comes in different weights and
thicknesses based on what part of the banana stem the fiber was taken from. The innermost sheaths
are where the softest fibers are obtained, and the thicker and sturdier fibers come from the outer
sheaths. High water absorbing property of this fabric makes this clothing cool to wear.
Gopika and Mophin, (2016) investigated the suitability of banana stem juice as a natural coagulant
for textile industrial wastewater treatment. Three main parameters were studied, namely, total
suspended solids (TSS), pH, and turbidity of effluent. Coagulation experiments using jar test were
performed with a flocculation system where the effects of textile industrial wastewater as well as
banana stem juice dosage on coagulation effectiveness were examined at different pH levels. High
EC, TS, and turbidity removal percentages by the banana stem juice were observed at pH 4 as 50,
50.1, and 97.5% respectively. Results reveal that banana stem juice has tremendous potential as
natural coagulant for textile wastewater.
Alvakonda, (2016) studied the synthesis of eco-friendly biodegradable silver nanoparticles
(AgNPs) from banana peel extract (BPE) which act as natural reducing agent. Natural silver
nanocomposite hydrogels were prepared by a green extract of banana peel with acrylamide (AM).
BPE was found to reduce the silver ions (Ag+ to Ag0) and capping agent. The characteristic color
of hydrogel was changed to reddish brown in the reaction due to reduction. The UV-Vis spectrum
of silver nanoparticles of the results revealed a characteristic surface plasmon- resonance peak at
460 nm. X-ray diffraction (XRD) revealed their crystalline nature. Fourier transform infrared
spectroscopy (FT-IR) affirmed the role of BPE as reducing and capping agent of silver ions. The
antibacterial activity of these nanoparticles was also studied against Gram-positive and Gram-
negative bacteria. The characteristic color of hydrogel was changed to reddish brown in the
reaction due to reduction of AGNO3,
Zaida et al, 2016, extracted fibers from banana pseudo stems residues by mechanical means. They
studied the viability of using banana fibers to obtain a yarn suitable to be woven, after an enzymatic
treatment, which is more environmentally friendly. Extracted long fibers were cut to 50 mm length
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and then immersed into an enzymatic bath for their refining. Conditions of enzymatic treatment
have been optimized to produce a textile grade of banana fibers, which have then been
characterized. The optimum treating conditions were found with the use of Biopectinase K (100%
related to fiber weight) at 45 °C, pH 4.5 for 6 h, with bath renewal after three hours. The first
spinning trials show that these fibers are suitable to be used for the production of yarns. The next
step is the weaving process to obtain a technical fabric for composites production.

Ashraful, and Guha, 2013, studied the use of naturally occurring aquatic/non aquatic water
hyacinth, water lily and bark of plantain plant (banana) plants as adsorbents of pollutants.
Remarkable result was achieved in case of using plantain plant (banana) bark from inlet effluents
of Echotex Ltd; Chandra, Gazipur, Bangladesh. Better removal of pH and TDS from textile
effluents was obtained, pH value was reduced from 7.3 to 6.5 and TDS values was reduced from
2700 mg/L to 2600 mg/L. Different combinations of coagulants were also used for color removal
and sludge separation. The best color removal and sludge separation was obtained in case of
FeSO4+ CaO.

Deepti and Shanaz, 2017, carried out a study of an eco-friendly way, to make a fabric UV
protective. The extracts of fruit peels, banana, apple, orange and Lemon, were applied to the cotton
fabric, using the exhaust method. As a result, good to very good UV protection properties were
achieved. For untreated cotton UPF is 9.9 but for treated it was found in the range of 15(the lowest)
for banana peel up to 40 (the highest) for lemon peel. It can be concluded that, fruit peels have
potential to be used as an UV protective finish, for the cotton fabric, which would not only protect
the skin against harmful UV rays, but also help in utilizing the waste of fruits in a productive term.

CONCLUSIONS

In the current studies, it can be concluded that banana plant extracts from (leaves, pseudostem,
peels) could be used as a multi-functional eco-friendly finishing agents such as antibacterial
activity against Staphylococcus aureus and Klebsiella, UV protective agents on normal cellulosic
fabrics and plasma treated cellulosic fabrics. It was investigated that banana pseudostem sap is
capable of imparting flame retardancy to jute textiles, the treated fabrics showed improved
physical properties such as weight, and breaking strength. The suitability of banana stem juice
was tested as a good natural coagulant and adsorbents for textile industrial wastewater treatment
for removal of total suspended solids (TSS), pH, and turbidity, from textile effluents. The use of
banana pseudostems as a source of fiber for producing fabric to be used in different purposes was
investigated. An eco-friendly biodegradable silver nanoparticle (AgNPs) was extracted from
banana peel as reducing agents. We believe that the results of the review are interesting for
industrial application of banana extract (byproduct) as green finishing agents, and this will assist
in reduction of environmental pollution.

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018



Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018

REFERENCES

AATCC Technical Manual (2007). Assessment of Antibacterial Finishes on Textile Material.
Research Triangle Park, NC, USA. ISO Technical Manual (2006) Geneva, Switzerland.
AATCC Test Method 61-1989 revised as AATCC Test Method 61-2010 (2010) ‘Colorfastness to
Laundering:  Accelerated °’, American Association of Textile Chemists and Colorists,

Research Triangle Park, NC, USA.

Akhilesh Khushwaha, Raghvendra Pratap Singh, Vikas Gupta, Madhulika Singh (2012).
“Antimicrobial Properties of Peels of Citrus Fruits” International Journal of Universal
Pharmacy and Life Sciences 2(2): 24-38.

Ali S., Nisar N. & Hussain T (2007). “Dyeing properties of natural dyes extracted from

eucalyptus”. The Journal of the Textile Institute; Vol. 98, No. 6: pp 559-562.

Alongi, J., Ciobanu, M. and Malucelli, G. (2011). Novel flame retardant finishing systems
forcotton fabrics based on phosphorus-containing compounds and silica derived from sol-
gel processes. Carbohydrate Polymers, 85: 599 — 608.

Alvakonda N (2016). Natural Synthesis of Silver Nanoparticles by Banana Peel Extract and As
an Antibacterial Agent, IOSR Journal of Polymer and Textile Engineering, Volume 3, Issue
1: PP 17-25.

Alvakonda Narayanamma (2016). Natural Synthesis of Silver Nanoparticles by Banana Peel
Extract and As an Antibacterial Agent, Journal of Polymer and Textile Engineering (IOSR-
JPTE) Volume 3, Issue 1: PP17-25.

Ashraful Islam, and Arun K.Guha (2013). Removal of pH, TDS and Color from Textile Effluent
by Using Coagulants and Aquatic/Non Aquatic Plants as Adsorbents, 3(5): 101-114.

Avik Kumar, Maitry Bhattacharjee, Mahfuza Rima and Abdur Rashid (2017). Eco-Friendly
Pretreatment of Cotton Fabric with Banana Ash and Dyeing Using Banana Sap , European
Scientific Journal edition VVol.13, No.27.

Basak. S , Kartick K. Samanta , Chattopadhyay. S. K, Narkar. R (2015). Self-Extinguishable
Ligno-Cellulosic Fabric Using Banana Pseudostem Sap, Vol 108, No 3: 372-383.

Basak. S, Kartick. K. Samanta, S. Saxena, Chattopadhyay. S.K, Narkar. R, Mahanadi R. (2015).
Flame resistant cellulosic substrate using banana pseudostem sap Polish Journal of
Chemical Technology, 17: 1- 123.

Benitta Christy P & Dr. Kavitha S (2014). “GO-GREEN TEXTILES FOR ENVIRONMENT”,
Advanced Engineering and Applied Sciences: An International Journal; 4(3): 26-28.
Christenhusz, M. J. M. &Byng, J. W (2016). "The number of known plants species in the world
and its annual increase”. Phytotaxa. Magnolia Press. A Scientific Journal of Krishi

Foundation 261 (3): 201-217.

Chunxia Wang, Min Li, Liping Zhang, Shaohai Fu and Chaoxia Wang (2016).  Extraction of
natural dyes from Cinnamomum camphora (L.) presl fruit and their pplication on wool
fabric, Textile Research Journal 1-11, Reprints and permissions: sagepub.co.uk/journals
Permissions.nav trj.sagepub.com.

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018


http://www.i-scholar.in/index.php/CURS/search/authors/view?firstName=S.&middleName=&lastName=Basak&affiliation=Central%20Institute%20for%20Research%20on%20Cotton%20Technology,%20Indian%20Council%20of%20Agricultural%20Research,%20Adenwala%20Road,%20Matunga,Mumbai%20400%20019&country=IN
http://www.i-scholar.in/index.php/CURS/search/authors/view?firstName=Kartick%20K.&middleName=&lastName=Samanta&affiliation=Central%20Institute%20for%20Research%20on%20Cotton%20Technology,%20Indian%20Council%20of%20Agricultural%20Research,%20Adenwala%20Road,%20Matunga,Mumbai%20400%20019&country=IN
http://www.i-scholar.in/index.php/CURS/search/authors/view?firstName=S.%20K.&middleName=&lastName=Chattopadhyay&affiliation=Central%20Institute%20for%20Research%20on%20Cotton%20Technology,%20Indian%20Council%20of%20Agricultural%20Research,%20Adenwala%20Road,%20Matunga,Mumbai%20400%20019&country=IN
http://www.i-scholar.in/index.php/CURS/search/authors/view?firstName=R.&middleName=&lastName=Narkar&affiliation=Central%20Institute%20for%20Research%20on%20Cotton%20Technology,%20Indian%20Council%20of%20Agricultural%20Research,%20Adenwala%20Road,%20Matunga,Mumbai%20400%20019&country=IN
http://www.i-scholar.in/index.php/CURS/issue/view/7702
http://www.i-scholar.in/index.php/CURS/issue/view/7702
http://biotaxa.org/Phytotaxa/article/download/phytotaxa.261.3.1/20598
http://biotaxa.org/Phytotaxa/article/download/phytotaxa.261.3.1/20598

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018

Chunxia Wang, Min Li, Liping Zhang, Shaohai Fu,and Chaoxia Wang (2016). Extraction of
natural dyes from,Cinnamomum camphora (L.) presl,fruit and their application on wool
fabric, Textile Research Journal , 0(00): 1-11.

Deepti Pargai and Shanaz Jahan (2017). Utilization of Fruitpeels to Improve UV Properties of
Khadi Cotton Fabric,International Journal of Applied and Natural Sciences (IJANS), ISSN
(P): 2319-4014; ISSN (E): 2319-4022, Special Edition, 15-18.

Dzomeku. B. M and Boateng. O. K (2013). Exploring the Potential of Banana Sap as Dye for
the Adinkra industry in Ghana, International Journal of Bio-resource and Stress
Management, 4(2): 378-381.

Ghouila H, Meksi N, Haddar W (2012). Extraction, identification and dyeing studies of

Isosalipurposide, a natural chalcone dye from Acacia cyanophylla flowers on wool.Ind
Crop Prod, 35: 31-36.

Gopika G.L and Mophin. K (2016). Accessing the Suitability of Using Banana Pith Juice as a
Natural Coagulant for Textile Wastewater Treatment, International Journal of Scientific &
Engineering Research, Volume 7, Issue 4, 260.

Heba Mansour (2013). Textile Dyeing: Environmental Friendly Osage Orange Extract on Protein
Fabrics, chapter 8, Chapter from the book Eco-Friendly Textile Dyeing and Finishing, 207-
231.

Horrocks A R (2001). ‘Textiles’, in Fire Retardant Materials, Horrocks A R and Price D, (eds),
Cambridge, Woodhead Publishing, , Chap 4, 128-181.

Horrocks A R (2003). In Textile Finishing, Heywood D (ed.), Bradford, Society of Dyers and
Colourists, pp. 214-250.

HOU, X., CHEN, X., CHENG, Y., XU, H., CHEN, L. & YANG, Y (2013). Dyeing and UV-
protection properties of water extracts from orange peel. Journal of Cleaner Production, 52:

410-419.

Igbal Sanjeeda and Ansari Taiyaba N (2014). *Natural Dyes: their Sources and Eco-friendly use
as Textile Materials, Journal of Environmental Research anddevelopment Vol. 8 No. 3A.

Jocic D (2010). Functional finishing of textiles with responsive polymeric systems, in "Surface
modification systems for creating stimuli responsiveness of textiles”, (D. Jocic Ed.),
University of Twente, Enschede, The Netherlands, 4: 37-59.

Kartick, K; Samanta, S; Basak, S.K and Chattop adhyay (2014). Roadmap to sustainable textiles
and clothing, Textile science and clothing technology: 263 — 287. ISO technical manual
(2006) Geneva, Switzerland.

Kasir and Safapour (2015). Exploring and exploiting plants extracts as Natural Dyes
/Antimicrobials in textile processing, prog. — Color colorants coat 8: 87 -114.

Klaus Hunger (2003). Industrial Dyes Chemistry, Properties, Applications. WILEY-VCH,
formerly Hoechst AG, Frankfurt, Germany ISBN: 9783527304264 |Online ISBN:
9783527602018 |DOI:10.1002/3527602011.

Kumar Sampath K. P., Bhowmik Debjit, Duraivel S., Umadevi M 2012. “Traditional and

Medicinal Uses of Banana”. Journal of Pharmacognosy and Phytochemistry; Vol 1; No. 3;
pp. 51-63.
Lauresen. Z (2015). Development of mild extraction methods for the analysis of natural dyes in
textile of historical interests, Anual Biannual Chem., 77: 2005-2022.

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018



Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018

Lee. J (2013). Characterization of Natural Dyes and Traditional Korean Silk Fabric by Surface
Analytical Techniques, www.mdpi.com/journal/materials, 6: 1-19.
Mamta Arora, Parminder Kaur (2013). “Antimicrobial & Antioxidant Activity of Orange Pulp
and Peel” International Journal of Science and Research (Ijsr), Volume 2 Issue 11: 412-415.

MarianaUrsache (2010). Functional finishes of cotton knitted fabrics, Buletinul Institutului
Politehnic Din lasi, 4: 49-56.

Mcdonald, R (1997). Color physics for industry (2nd ed.). Soc. Bradford: Dyers and Colorist 534
pages, ISBN 0 901956 70 8.

Mohiuddin. K. M *, Manas Kanti Saha, Md. Sanower Hossian and Aysha Ferdoushi (2014).
Usefulness of Banana (Musa paradisiaca) Wastes in Manufacturing of Bio- products: A
Review The Agriculturists 12(1): 148-158.

Mukhopadhyay, S., Fangueiro, R., Yusuf, A. and Senturk,U (2008). Banana fibers variability and
fracture behaviour. Journal Engineered Fibres and Fabrics, 3(2): 39- 45

Nurizza Fauziyah, Luchman Hakim (2015). Plants as Natural Dyes for Jonegoroan Batik
Processing in Jono Cultural Tourism Village, Bojonegoro, East Java, Journal of Indonesian
Tourism and Development Studies, Vol.3, No.2,E-ISSN : 2338-1647.

Patel. B. H (2011). Volume 1: Handbook of textile and industrial dyeing: Principles, processes
and types of dyes (Chapter # 11) Edited by Dr M. Clark, Published by Woodhead Publishing
Ltd, Cambridge, UK 395 — 421.

Patil, R. G. and Kolambe, B. N (2011). Development of value added products from banana
pseudostem, an Overview of Progress. National Agricultural Innovation Project (Component
2), pp 1-23.

Paul R (2015). Functional finishes for textiles an overview, Functional Finishes for Textiles;

Improving Comfort, Performance and Protection, Woodhead Publishing, 678, 1: 1-14.

Paul V., Kanny K., Redhi G.G (2013). “Formulation of a novel bio-resin from banana sap”.
Industrial Crops and Products; Vol 43: pp. 496— 505.

Pooja Kumari, kavita sharma, Ms Sonia (2016). Review on antimicrobial treatments for
textileInternational Journal of Enhanced Research in Science, Technology & Engineering
Vol. 5 Issue 12, P. 23.

Ramesh Babu. V (2017). Investigating the aqueous extract of banana peel on functional properties
of plasma treated cellulose fabrics for medical applications, Pakistan Journal of Medical and
Health Sciences, Vol. 11, NO. 3.

Reazuddin Repon. Md,*, Abdullah Al Mamun. Md, Tauhidul Islam M (2016). Optimization of
Dyeing Time of Eco-friendly Cotton Coloration Using Banana (Musa Sapientum) Floral
Stem Sap Chemical and Materials Engineering, 4(2): 26-31.

Reazuddin Reponl.Md,*, Abdullah Al Mamunl. Md, Tauhidul Islam M (2016). Eco-friendly
Cotton Coloration Using Banana (Musa Sapientum) Waste: Optimization of Dyeing
Temperature,Universal Journal of Engineering Science 4(1): 14-20.

Redwan Jihad (2014). Dyeing of Silk Using Natural Dyes Extracted From Local Plants
International Journal of Scientific & Engineering Research, Volume 5, Issue 11, 809.

Roshan, Paul (2015). Functional finishes for textiles, improving comfort performance and
protection, Wood head Publishing is an imprint of Elsevier,80 High Street, Sawston,
Cambridge, CB22 3HJ, UK 225 Wyman Street, Waltham, , USA Langford Lane, Kidlington,
0OX5 1GB, UK, pp. 1-14.

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018



Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018

Salah. M. Saleh, Yasser A. Abd-El-Hady, Kh. El-Badry (2013). “Eco-friendly Dyeing of Cotton
Fabric with Natural Colorants Extracted from Banana Leaves”. International Journal of
Textile Science, Vol. 2: No. 2 pp 21-25.

Saleh Mansour (2012). Antibacterial Activity and UV Protection Property of Some Egyptian
Cotton Fabrics Treated with Aqueous Extract from Banana Peel, International Journal of
Clothing Science, 1(1): 1-6.

Samanta K.K., Basak S., Chattopadhyay S.K (2017). Sustainable Dyeing and Finishing of
Textiles Using Natural Ingredients and Water-Free Technologies. In: Muthu S. (eds) Textiles
and Clothing Sustainability. Textile Science and Clothing Technology. Springer, Singapore.

San Yee Oo, and, Khin Oo (2017). Investigation on Flame Retardant Effect of Myanmar Banana
(Musa Sapientum Linn) Pseudostem Sap on Cotton Fabric, International Journal for
Innovative Research in Multidisciplinary Field, Volume 3, Issue 8: 139-144.

Saravanan. M, and Bhaarathi Dhurai (2017). Coparison of Natural Agents to Develop
Antibacterial Kitchen Textiles INTERNATIONAL RESEARCH JOURNAL OF
PHARMACY, 8 (7): 93.

Sasmita Baliarsingh, Jyotsna rani Jena, Trupti Das, Nalin B. Das (2013). “Role of cationic
and anionic surfactants in textile dyeing with natural dyes extracted from waste plant materials
and their potential antimicrobial properties”. Industrial Crops and Products, Vol. 50: pp 618-
624.

Shahid-ul-l1slamM(2013). Perspectives for natural product based agents derived from industrial
plants in textile applications — a review,Journal of Cleaner Production, Volume 57: Pages 2-
18.

Shuaibing, Z.M.Z.S.L. and Qihua, Z (2013). “Adsorption of dye wastewater by banana peel
powder immobilized by sodium alginate”. Chinese Journal of Environmental Engineering,
Vol.6, p.036.

Shyam B., Alok Kumar, Roli Purwar (2015). Characterization of Banana Pseudostem Sap Used
As a Mordant for Dying, SSRG International Journal of Polymer and Textile Engineering
(SSRG-1JPTE) volume 2 Issue 5: 2394 - 2592.

Sinha K, Saha PD and Datta S (2012). Extraction of natural dye from petals of Flame of forest
(Butea monosperma), flower: process optimization using response surface methodology,
(RSM). Dye Pigment; 94: 212-216.

Sukhdev Swami Handa, Suman Preet Singh Khanuja, Gennaro Longo, Dev Dutt Rakesh (2008).
Extraction technologies for medicinal and aromatic plants, International centre for science
and high technology, pp 1-260.

Tassew Alemayehu, Zenebesh Teklem (2014). Application of Natural Dyes on Textile: A Review
International Journal of Research, Vol.2 (1ss.2): 2350-0530.

Teli MD, Sheikh J, Shastrakar P (2014). Eco-friendly Antibacterial Printing of Wool Using
Natural Dyes. J Textile Sci Eng 4: 151.

Wai Chung Tsz, Pui Fai Ng, Qun Chen and Bin Fe (2015).Dyeing Performance of Kapok
Flower Colourant on Wool Fabrics,World Journal of Textile Engineering and Technology, 1:
23-217.

White, R. H., Nam, S. and Parikh, D. V (2013). Cone calorimeter evaluation of two flame retardant
cotton fabrics. Fire and Materials, 37: 46 — 57. www. Agricultureinformation.com FAO,
20009.

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018


http://www.sciencedirect.com/science/article/pii/S0959652613003855#!
http://www.sciencedirect.com/science/article/pii/S0959652613003855#!
http://www.sciencedirect.com/science/journal/09596526
http://www.sciencedirect.com/science/journal/09596526/57/supp/C

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018

Xu, T., Zhong, Y., Liu, Y., Yu, H. and Mao, Z (2012). Flammability properties of PI fabric coated
with montmorillonite. Journal of Thermal Analysis and Calorimetry, 111: 27 — 23.

YI, E. & YOO, E. S (2010). A novel bioactive fabric dyed with unripe Citrus grandis Osbeck
extract part 1. dyeing properties and antimicrobial activity on cotton knit fabrics. Textile
Research Journal, 80: 2117-2123.

Yuyang Zhou and Ren-Cheng Tang (2017). Natural Flavonoid-Functionalized Silk Fiber
Presenting Antibacterial, Antioxidant, and UV Protection Performance, ACS Sustainable
Chem. Eng., 5 (11): pp 10518-10526.

Zaida Ortega, Moisés Morén, Mario D. Monzon, Pere Badallé and Rubén Paz (2016).Production
of Banana Fiber Yarns for Technical Textile Reinforced Composites, Materials, 9: 370.

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018


http://pubs.acs.org/author/Zhou%2C+Yuyang
http://pubs.acs.org/author/Tang%2C+Ren-Cheng

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018

Y PCTREPPST (INPON [F-PS PON LTI OIS PON (PN ES S RES TN
oslee pdl Jal g ol dlll e oyatan

G 39 — Olagudl — Slelivall L g19iSig duwaia S — Byujt| dasls

Aay o9 Aol dius 9o plusiul goi wylile slaxsl Alia O Aded! Adludly clludl (£ 805 e
Lol lebiall Calisen 3 Leal s TS llezal oz UL (o culmiial o s Jllg )
gy « obiladl oda o o0 Seedl Hlas | @5 G laill muedl e 39 sedly )ty il 2elie @
pdas llall § 2 Sl zln) Jlea) o 116 st palun Las « Sluaesd] day 2iie 2,S1 8T il
LY By @iy ol Sl (ang Gadssll il Cavivat Joo dnal ciloglas dwlyull sia
calzsed 3ol paliiue Gadaty alaiwl Llatedl Ausll Sl e xS BLSYL L 2ia Lzl
¥l g lemdl g el llaite 5 ¢ 2SI @l 9,0 ABly ¢ sl Jio il glell s (o152
2y @l slwil arer @ Al lagdatll (o Lot « b9 Seall sbaall Lalailly « duzudidl G5
lapes Jiud Joddl 9o ozl 90§ Luadl g0 BLIYI o il gaudial] 28Lne Ale Aoy ol3 Silaetin
Lz sdsn Aaddll SlSyell (10

Gezira Journal of Engineering and Applied Sciences vol (13) num-2-2018




