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Wet wipes from Citrus limon
sanitizer and banana fiber
nonwovens

Kamalha Edwin, Kanene Levi Brian & Musinguzi Alex™*

Whereas sanitizing wipes are among the strategies for combatting COVID-19, there are growing
concerns concerning their disposal, due to majority of them being made of non-biodegradable fibres.
Additionally, majority of the sanitizing solutions used are associated with irritations and some are
carcinogenic. In this study, banana wipes, impregnated with an organic antimicrobial formulation
were developed to counter the unbiodegradable wipes made of synthetic fibres and impregnated with
toxic antimicrobial formulations. A spunlaced non-woven fabric made from 100% banana fibres was
impregnated with a commercial formulation containing essential oils from lemon, eucalyptus, cedar
and orange. The impregnated banana fabric wipe exhibited antimicrobial activity against all tested
bacterial strains, including Escherichia coli (both ATCC 25,922 and the wild strain), Staphylococcus
aureus (both ATCC 25,923 and the wild strain), and Pseudomonas aeruginosa (both ATCC 27,853 and
the wild strain), with inhibition zones ranging from 10.00 +1.00 mm to 13.67 + 1.16 mm, compared to
the standard 14.00 mm. Furthermore, the mechanical properties of the fabric showed that the tensile
strength in the wet state increased by 4.29% and 20.41% in both the machine and cross directions
respectively. Given that synthetic fibres are used in wipes to achieve a high wet tensile strength since
most cellulosic fibres become weaker and disintegrate when wet, it can be concluded that banana
fibres can be effectively used in wipes application given that they are biodegradable and are stronger
when wet.
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Known methods that have been used to stop the spread of Covid-19 and associated infections include the use
of hand washing, hand sanitizers, and immunization. The demand for hand sanitizers peaked when COVID-19
was widespread. In fact, when the epidemic started in December 2019, sanitizers immediately ran out and
were in short supply. Despite disinfectants’ success in eradicating COVID-19 and other associated illnesses,
concerns have been expressed regarding how their extensive use can impact animals, aquatic environments,
and biodiversity. Ingredients like triclosan are linked to carcinogenesis, endocrine disruption, allergies, and
antimicrobial resistance!~>. The use of hand sanitizers has also been linked to hormone instability, immune
system decline, alcohol poisoning, and exposure to dangerous substances. There have been several instances of
unintentional juvenile and adolescent alcohol use all throughout the world*.

Different delivery techniques, such as rubs, foams, or wipes, are used for applying hand sanitizers. While
sanitizers are useful, people’s personalities may prevent them from effectively eradicating germs. This is
because some people might not use enough hand sanitizer to wipe their hands, which could result in the liquid
evaporating before being applied uniformly over the hands. Additionally, the sanitizer might not work on hands
that are extremely dirty or chemically contaminated® Wipes or towelettes are the type of delivery method that
some people prefer as a way to guarantee good cleaning due to their mobility, lack of spillage, slow rate of alcohol
evaporation, and capacity to distribute alcohol all over the hands®.

Disposable wet tissues are becoming more prevalent in several different goods, including deodorants,
moisturizers, suntan lotion, and makeup removal’” Wipes for disinfection are often made from a blend of
thermoplastic fibers (polypropylene and polyester) and cellulosic fibers (cotton, lyocell, viscose, and wood pulp).
The polyolefin/thermoplastic fibers offer exceptional tensile strength, abrasion resistance, and solvent resistance
while the cellulosic fibers offer good water retention®.

Department of Polymer, Textile and Industrial Engineering, Busitema University, Nagongera, Uganda. *‘email:
malex.eng@busitema.ac.ug

Scientific Reports|  (2025) 15:35387 | https://doi.org/10.1038/s41598-025-19396-7 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-19396-7&domain=pdf&date_stamp=2025-9-12

www.nature.com/scientificreports/

The COVID-19 outbreak led to a surge in the production and usage of wet wipes for cleaning, medical
and sanitizing purposes. Not only were they applied in cleaning surfaces in hospitals, hotels, restaurants and
educational facilities but were also given out as single-pack pieces to flying passengers. To meet the demand
around the globe, several wipes’ makers have increased output, which has resulted in an extraordinary increase
in Personal Protective clothing waste’.

Due to the wipes’ high synthetic content, they cannot degrade in sludge treatment and wastewater treatment
plants. Results, from Water UK conducted between May and October 2017, revealed that baby wipes were the
most easily recognized and recovered items from obstructions in pipes and jams in pumps!°.

Also, wet wipes made entirely from cellulosic fibres—such as viscose, wood pulp, and cotton—have been
found not to biodegrade due to the presence of antimicrobial agents and other chemical additives used to
enhance wet strength!!.

Therefore, there is an increasing need to investigate possible sources of natural fiber, such as bananas due to
the expanding need for biodegradable, environmentally acceptable fiber materials as alternatives to synthetic
fiber. Banana fruits (Musa acuminata) are eaten all over the world and are easily accessible in the world’s tropical
areas. Banana plantations cover more than 5 million hectares in more than 130 nations. These generate masses
of trash from the fruit, including pseudostems that are left to rot and release a lot of methane and carbon dioxide
as they decompose!>!® According to Ferdous', around 1000-1500 pseudo stems may be generated per acre
of land on an annual basis. Every hectare of a plantation produces an estimated 220 tonnes of biomass waste
annually. As per the FAO report of 2018, there were around 5.72 million hectares of land under cultivation
worldwide, producing 1.243 billion tonnes of waste. However, it takes around 10-13 pseudo stems to yield
1—2 kg of banana fiber. Due to their biodegradability, lightweight nature, renewability, and greater biochemical
and tensile capabilities, natural fibers of animal and plant origin have undergone extensive research in the past
20 years and are increasingly obtaining prominence over synthetic alternatives'> Additionally, there is current
research into producing sanitary napkins from banana fibers'!7,

The development of wet wipes from 100% natural fibres has a potential of offering solutions to banana
waste while at the same time reducing the environmental footprint of synthetic fibres. Furthermore, it is highly
praiseworthy to replace harmful chemical compounds and synthetic scents in sanitizer compositions with
natural and sustainable substances. From the surveyed literature, there is no known attempt to study banana
fibers for wet wipe applications. This study is aimed at producing 100% natural hand wipes from banana fibers
and impregnate them with a natural antimicrobial formulation.

Experiments

Materials

A commercial lemon sanitizer containing majorly essential oils from lemon and additional oils from eucalyptus,
cedar and orange was purchased from Prof Bioresearch, Uganda. The formulation also contained floral water
and hydrosols. A wipe fabric made from 100% banana fibres was provided by Shanghai Uneed Textile Co., Ltd
(UNT), China. The wipe was produced by spunlace technology, also known as hydroentangling. Mueller Hinton
agar, bacterial strains including Escherichia coli (E. coli) (ATCC 25,922), E. coli (wild), Staphlococcus aureus (8.
aureus) (ATCC 25,923), S. aureus (wild), Pseudomonas aeruginosa (ATCC 27,853) and P. aeruginosa (wild) were
obtained from Mbale Clinical Research Institute (Mbale, Uganda). 100% Polysorbate 20 was purchased from Sky
Chem (U) Limited (Kampala, Uganda).

Fourier Transform Infra-Red (FTIR) spectroscopy of spunlaced wipe

The FTIR analysis was carried out on the fabric sample and untreated banana fibres to ascertain whether it was
made from banana fibres. The Fourier Transform Infra-Red (FTIR) Spectrometer (FT/IR-6600 type A, JASCO
International Co., Ltd., Japan) was used to determine the chemical functional groups in the fibres. Ranges of
400 ~4000 cm™! and a resolution of 4 cm™! were used for scanning.

Mechanical and physical properties of the wipe fabric

Dry and wet tensile properties

The dry and wet tensile properties (in both machine and cross directions) of the fabric were measured with a
tensile tester (Unistretch 500, MAG- G0152, Serial No. 2117010323 of MAG Solvics Private Limited, Coimbatore,
India). The tests were carried out in accordance with ISO 9073-18 Grab tensile strength. Tensile tests were
conducted on rectangular samples (100 mm x 150 mm), the length between clamps was taken at 75 mm, and the
test speed was set at 300 mm/min. Samples were tested and the average values for the dry tensile strength, wet
tensile strength and elongation were calculated. The tests were done in triplicate.

In calculating the wet tensile strength, the cut samples of 100 mm x 150 mm, were pre-wetted with tap water
by immersing them for 1 h to allow complete saturation and mimic wet wipes. After removing the samples from
water, they were gently pressed until a wet pick-up percentage of 300% was achieved, following the calculation
in Eq. 1 below:

Wipewetpick — up = Yw ZWd o 100 (1)
Wq

where w,, is the mass of the squeezed wet wipe (g) and wq is the mass of the dry wipe (g).
After removing the excess water, samples were tested within 1 min.
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Bursting strength

Bursting strength was measured using a bursting strength tester (DigiBurst, MAG-C0651, Serial No.: 9251624044
of MAG Solvics Private Limited, Coimbatore, India). The tests were carried out in accordance with ISO 2758.
The test was done in triplicate.

Mass per unit area

The samples were tested in accordance with ISO 9073-1. A circular cutter (Circucut, MAG-C0111, Serial No.:
2124004049 of MAG Solvics Private Limited, Coimbatore, India). A surface area of 100 cm? was cut for all
sample to determine the mass per unit area. The test was done in triplicate.

Thickness

Thickness of the fabric was measured using a thickness gauge tester at a pressure of 4.14 kPa (Anathick,
MAG-C1001, Serial No.: 2135055091 of MAG Solvics Private Limited, Coimbatore, India). The tests were
carried out in accordance with ISO 1765. Ten readings were taken at different places of the specimen and the
mean and the standard deviation were calculated.

Air permeability

Air permeability of the fabric was measured using an air permeability tester (MAG- C2855, Serial No.:
2150005014 of MAG Solvics Private Limited, Coimbatore, India). The tests were carried out in accordance with
ISO 9237:1995. Ten readings were taken at different places of the specimen and the mean and the standard
deviation were calculated.

Antimicrobial properties of wipe fabrics

The wipe was impregnated with a commercial lemon oil formulation obtained from Prof Bioresearch, used at 100%
concentration. This was justified by the fact that the formulation was already pre-blended with complementary
ingredients, including floral water, making it suitable for direct application without further dilution. According
to the manufacturer’s label, the commercial formulation, known as Prof Lemon Sanitizer, contained multiple
functional ingredients, including lemon essential oil, eucalyptus essential oil, cedar essential oil, orange essential
oil, hydrosols and floral water. The shelf life of the lemon sanitizer, was indicated as 2 years. To facilitate complete
miscibility of the formulation, a concentration of 0.2% Polysorbate 20 (Tween-20) was added to the commercial
formulation. A concentration of 2% was selected basing on a study in which 2% is sufficient to achieve an
emulsification effect for botanical extracts'®. The efficacy of the impregnated wipe to remove and eliminate E.
coli (ATCC 25,922), E. coli (wild), S. aureus (ATCC 25,923), S. aureus (wild), P aeruginosa (ATCC 27,853) and
P. aeruginosa (wild) was investigated.

The banana fabric material was cut into 6 mm? and autoclaved in a hot air oven at 160 °C for 1 h, to make the
material sterile. After sterilization, the samples were placed on a petri-dish and the antimicrobial formulation
was poured on the material, until they were full immersed, and allowed to settle for 10 min so that the wipes
could absorb the solution. Following soaking, samples were gently pressed to remove excess formulation and
placed on Agar plates, containing the bacterial strains. The Agar plates were incubated at 37 °C for 24 h. Zones
of inhibition were read with the aid of an inhibition zone ruler (Bioanalyse, Turkey). The diameters of the zones
of inhibition were measured in mm. Triplicate tests were carried out in all experiments.

Descriptive statistics
The mean and variance of data in this study were analyzed using the Minitab program version 17.

Packaging

The banana fabric material was cut into pieces of length 100 mm and width 50 mm and autoclaved in a hot
air oven at 160 °C for 1 h, to make the material sterile. After sterilization, the samples were placed in a beaker
containing the antimicrobial formulation. They were fully immersed and allowed to settle for 10 min so that the
wipes could absorb the solution. Following soaking, samples were gently pressed to remove excess formulation
and sealed in polyethylene materials with the help of an impulse sealer electric plastic bag heat machine (PFS-
100, Zhejiang Tianyu industry Co. Ltd, China). Figure 1 shows the steps that were followed in packaging the wet
wipe samples.

Results and discussions

Fourier transform Infra-red (FTIR) analysis of the spunlaced non-woven fabric made from
banana fibres

Figure 2 shows the FTIR scans that were in the range of 400-4000 cm-1 and a resolution of 4 cm-1.

As observed, there is a C-H stretching vibration at 893 cm™! which signifies the presence of cellulose and
hemicellulose, a sharp C-O stretching at 1030 cm™ signifying the presence of alcohol in cellulose, lignin and
hemicellulose, many C=0 stretching vibrations between 1239 and 1403 cm™ which signify the presence of
lignin, a stretching band around 1644 cm™! which signifies C=C and presence of lignin, a band at 1736 cm™!
which signified C=0 and presence of lignin and hemicellulose. At 2352, detection of bending alkyne C=C.
At 2905 cm™!, there is the stretching C-H which signifies the presence of hemicellulose and finally between
3200-3500 cm™!, the presence of O-H group which signifies presence of cellulose, hemicellulose and lignin!*%°.

From the spectra of both the raw banana fibre and the spun-laced fabric, it can be concluded that the spun-
laced non-woven fabric was made from banana fibres. This is because of the similarity in the peaks.
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Fig. 1. Packaging of wipes.
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Fig. 2. Spectra of a) Banana raw fibre and b) spun-lace non-woven fabric made from banana fibres.
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Bacteria Zone of inhibition (mm) | Standard
E. Coli (ATCC) 11.00+1.73 14.00
E. Coli (Wild) 13.67+1.16 14.00
S. aureus (ATCC) 10.67 £0.58 14.00
S. aureus (Wild) 10.00+1.00 14.00
P, aeruginosa (ATCC) | 11.33+0.58 14.00
P. aeruginosa (Wild) 11.33+0.58 14.00

Table 1. Inhibitory activity of impregnated banana fabric.

Fig. 3. Image showing a) the agar plate before incubation b) Inhibitory activity against S. aureus (wild), P.
aeruginosa (wild), E.coli (wild) ¢) Inhibitory activity against S. aureus (ATCC 25,923), P. aeruginosa (ATCC
27,853), E.coli (ATCC 25,922).
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Fig. 4. Box plot showing inhibitory activity of impregnated fabric against bacteria.

Antimicrobial efficacy of a wet wipe treated with antimicrobial formulation

Sensitivity of different bacterial strains to the impregnated wipes was measured in terms of zone of inhibition
using agar diffusion assay. The results are presented in Table 1 and summarized in a box-plot in Fig. 3. The layout
of this experiment on an agar plate is shown in Fig. 4.

The maximum zone of inhibition was observed against E. coli (wild) with a mean of 13.67 mm of inhibition.
From previous research, lemon oils have been found to be effective against microbial organisms*! The inhibition
zones falling just below the 14 mm benchmark could be attributed to several factors, including the type of
microorganism—since some strains exhibit higher resistance—the concentration of the essential oil, suboptimal
diffusion of active compounds in the agar medium, and inadequate solubilization or distribution of the active
ingredients??. Whereas the antibacterial potential of a banana-fibre based fabric, impregnated with an.
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Parameter Mean value + Standard deviation
Tensile strength, Machine Direction (MD) (dry), N | 159.848 £4.903
Tensile strength, Cross Direction (CD) (dry), N 110.488+9.423
Tensile strength, MD (wet), N 166.712+1.961
Tensile strength, CD (wet), N 133.043+5.177
Elongation at break, MD (dry), % 32.000+3.755
Elongation at break, CD (dry), % 51.244+5.751
Elongation at break, MD (wet), % 23.689+0.505
Elongation at break, CD (wet), % 33.111+0.658
Bursting strength, kPa 460.7+31.3
Mass per unit area, g/m? 50.67 +4.04
Thickness, mm 0.383+0.028
Air permeability, cc/s/cm 177.8+27.8

Table 2.. Wipe mechanical and physical properties.
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Fig. 5. Box-plot of tensile strength, (N).

antimicrobial formulation is being studied for the first time, the results show that lemon oil maintains its
efficacy.

Mechanical and physical properties of the spunlaced non-woven wipe
The spunlaced non-woven wipe performed as indicated in Table 2. Figure 5 gives a comparison of the dry and
wet tensile strength. Figure 6 gives a comparison of the elongation in the wet and dry state.

The tensile strength in the wet state was higher in comparison with that in the dry state in both machine and
cross directions. The tensile strength of the wet samples in the machine and cross directions was.

about 4.29% and 20.41% higher respectively. It is known that most of the cellulosic fibres show reduced
tensile strength due to the breakage of hydrogen bonds?*. Therefore, moisture uptake by the banana fibres likely
caused fibre swelling, which enhanced intermolecular hydrogen bonding and consequently led to an increase in
tensile strength.

The elongation at break of the fabrics in the wet state was lower in both the machine and cross directions.

As observed in Table 2, Figs. 5 and 6, the wipes were found to have higher tensile strength and lower
elongation values when wet. This is contrary to the general experience for wet wipes in daily use. It is known
that manufacturing decomposable wet wipes with sufficient wet strength to meet daily use is challenging. This is
because in the wet state, interactions between the cellulose fibres, namely van der Waals forces and H-bonding,
are severely weakened resulting in a dramatic decrease of mechanical strength of the material®.

In addition, the obtained values of a mass per unit area of 50 g/m* and tensile strength of 166.712 N and
133.043 N for the machine and cross directions respectively comply with the requirements specified in EAS
1075: 2022, Disposable wet wipes — Specification. This particular standard requires a minimum of 36 g/m? and
5N and 4 N for the wet tensile strength in both the machine and cross directions respectively.

The results of this study offer promising results. In comparison with results obtained in the study carried out
by Cheriaa & Boubaker?*, on typical baby wipes, the wet wipes, being considered, in this study performed better.
The wet tensile index (obtained using the Eq. 2) of 8.59 N.m.kg™! in the machine direction was better than 3.48
N.m.kg™! and 2.27 N.m.kg™! for the baby wipes that were under study. Similarly, the wet tensile index of 6.86
N.m.kg™! in the cross direction was far better than 0.655 N.m.kg! and 0.507 N.m.kg! in the baby wipes.
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Fig. 6. Box plot of elongation, (%).
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With such a performance, it can be concluded that banana fibres have excellent wet tensile strength that is
sufficient for wipes’ application.

Conclusions
In this study, banana wipes, impregnated with an organic antimicrobial formulation, were developed to counter
the unbiodegradable wipes made of synthetic fibres and impregnated with toxic antimicrobial formulations. A
spunlaced non-woven fabric made from 100% banana fibres was impregnated with a commercial formulation
containing essential oils from lemon, eucalyptus, cedar and orange. The antimicrobial efficacy test done on
the impregnated wipe showed inhibitory activity against all the bacterial strains. Furthermore, the mechanical
properties of the fabric showed that the tensile strength in the wet state increased by 4.29% and 20.41% in both
the machine and cross directions respectively. Given that synthetic fibres are used in wipes to achieve a high
wet tensile strength since most cellulosics become weaker and disintegrate when wet, it can be concluded that
banana fibres can be effectively used in wipes functionality given that they are biodegradable and are stronger
when wet.

Banana fibre wipes show promising commercial potential, leveraging locally available raw materials and
cost-effective processing. They offer a biodegradable alternative to conventional synthetic wipes, though further
economic analysis and pilot-scale studies are needed to confirm large-scale feasibility.

Limitations of the study

The study was limited by the absence of both negative controls (untreated banana wipes) and positive controls
(commercial synthetic wipes), which are essential for benchmarking antimicrobial efficacy. Future studies should
incorporate these controls to enable more robust validation and comparison of antimicrobial performance. In
addition, further research is needed to evaluate the dispersibility behavior of banana fibre-based wipes and to
monitor potential microbial growth during storage, in order to assess the product’s preservation stability.

In addition, this study did not include short-term stability assessments, such as antimicrobial activity
or physical integrity after storage. This is acknowledged as a limitation, and we recommend that future
work incorporate stability testing under real or simulated storage conditions to better evaluate the practical
performance and shelf-life of the product.

Data availability

The authors declare that the data supporting the findings of this study are available within the paper. Should
any other raw data files be needed in another format, they will be availed from the corresponding author upon
reasonable request."Data will be made available upon request from corresponding author".
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