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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has spread worldwide. The world health organization (WHO) declared it as a pandemic on
March 11, 2020. The most common form of transmission of SARS-CoV-2 is through droplets of respiratory
secretions as a person coughs, sneezes, and talks. The characteristics of the droplet particles are >5um in size,
remaining in the air over a long period, and passing a certain distance (1.5-2 meters). The droplets containing
the viruses adhere to the susceptible mucosal surfaces such as the mouth, eyes, and nose [1]. One of the most
important protection measures to prevent disease transmission is by wearing a face mask covering the nose
and mouth, especially when coughing or sneezing [2].

The face mask recommended by the WHO [2], [3], is the surgical mask consisting of three layers
because it provides the most effective protection against microbes and particle spread. Since the virus
transmission has been continuously increasing during the COVID-19 pandemic, everyone traveling outside is
required to wear a face mask [2], [3]. Van der Sande et al. [4] stated that any type of face mask could reduce
the virus exposure and the risk of infection at the population level. This includes homemade face masks,
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which are considered the last resort to prevent droplet transmission from the infected people, but it is better
than if there is no protection at all [5]. The centers for disease control (CDC) [6] also stated that homemade
cloth face masks (e.g., bananas and scarves) are advised as an alternative option in the limited resource
circumstances.

This study developed a non-medical face mask made of local materials that can be effectively used
to prevent disease transmission, i.e., the Go-Go ("godhong-gombal” [banana leaf-cloth]) mask. The
uniqueness of this face mask is in the material used, which is the outworn household cloth with the addition
of a banana leaf filter. The household cloth includes all types of usable outworn clothes or fabrics considered
the primary material. The consideration in selecting these materials is that they should be affordable, easily
obtainable, washable, or reusable. Some of the fabric materials that can be used include cotton shirts,
headscarves, napkins, pillowcases, scarves, and bandanas [5], [7]. However, the ability of these materials to
provide the filtration is still not optimal as the ideal mask should perform a filtration ability of at least 95%
[5]. Therefore, the additional filter (in our study, it is a banana leaf) is needed to increase the filtration ability
of the household cloth-based face mask.

The role of the leaves in this study is to filter water and microbes. If the face mask is made of
household cloth, it is generally able to absorb water easily. The leaves' ability to be water-repellent or to not
absorb much water is due to the banana leaves’ structure that has a hydrophobic cuticle layer (composed of
cutin and wax), small pores (stomata) 20-50 um, and deep leaf tissue (palisade, parenchyma) composed of
filter-like pores [8], [9]. The structure make the leaves difficult to be penetrated by microorganisms [10].
Besides, banana leaves are natural materials that can be used immediately and are environmentally friendly
since they are biodegradable. Another study using natural ingredients to improve the function of face masks
is by adding root extract of liquorice (Glycyrrhiza glabra) which is an antimicrobial agent containing
glycyrrhetinic acid (GA) and glycyrrhizin (GL) [11]. Research showed that this addition can increase the
effectiveness of face masks in warding off microbes. However, studies on the use of natural materials to
increase the effectiveness of mask filtration have not yet been found.

The selection of natural and reusable materials is also done to respond to the prolonged pandemic
situation. The waste of personal protective equipment (PPE) from gloves, face (medical) masks, face shields,
hazmat suits, and other equipment has sharply increased. If proper disposal is neglected, the increasing PPE
and diagnostic tool waste can potentially cause new problems based on the environmental contamination
potential [12]. According to the previous explanation, this study aimed to design a cloth face mask with the
inserted banana leaf (biodegradable materials) and test its effectiveness.

2. RESEARCH METHOD
2.1. Face mask design

A series of face mask design trials were conducted based on the analysis of the needs and conditions
in the field during pandemic. The innovation of the face mask design included three aspects: i) the cloth face
masks which are easy to be produced or homemade cloth face masks (do-it-yourself, DIY face masks), ii)
The pocket to insert the banana leaf filters, and iii) the additional layer specifically designed for the mouth
covering. The developed mask pattern resulted from the adaptation and modification of the 3-dimensional
(3D) mask pattern by Heeya [13].

The pattern selection was adjusted to the needs of the face mask development with the addition of a
filter in the form of a leaf sheet. The 3D mask pattern has a flat section without any pleats. Therefore, it can
be modified into a pocket to insert the leaf sheet. The size of the developed face mask pattern is still intended
for adults consisting of pattern A (Figure 1(a)), pattern B (Figure 1(b)), pattern C (Figure 1(c)), pattern D
(Figure 1(d)), and pattern E (Figure 1(e)). The production process can be accessed through
https://youtu.be/d20BVc00A2c.

2.2. Effectivity test
This study used two types of tests to measure the face mask effectivity:

2.2.1. Bacterial filtration efficiency (BFE) test

This test is used to measure how effective the face mask can filter out bacteria. We compared the
cloth face masks with inserted leaf layers (Go-Go masks) and the cloth face masks without leaf layers. For
the uncoated cloth test (without filter), different types of cloth materials were also compared. Bacterial
filtration efficiency (BFE) test was performed using the total plate count method where the air cannot directly
flow through the leaves. The test procedure included: i) the leaves were cleaned and wiped with a disinfectant
(using hand rub) and were inserted in the masks, ii) the masks were set in the air blower to determine the
mask ability to filter out bacteria, iii) the masks with the inserted layer of leaf were left untouched for four
hours, iv) after four hours, the outer part of the mask was cut into a section of 2x2 cm and jiggled into 50 ml
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of sterile distilled water, v) having left idle for a while, and the bacteria count test was conducted in the
distilled water, and vii) the test was continued with the fluids diluted for three times (1:1000) and rubbed on
the media of agar. Finally, the bacterial count was observed.

Furthermore, the BFE test was conducted on various household fabrics used as mask material such
as batik cloth, t-shirts, cotton, cotton ero, cotton, spun-bond, and polyester. Each type of fabric consists of
three layers. However, specifically for spunbond and polyester, they are combined with cotton and each of
which consists of one layer of cloth or fabric. For each type of cloth, five samples were used in this study.
The test was conducted by the modified method of BFE. The test procedure included: i) Fastening the mask
to the end of the pipe, ii) Creating the room airflow into the end of the pipe with the mask set, iii) Blocking
the airflow out of the mask with the agar media, and d) Observing the bacteria count growing on the agar
media.
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Figure 1. Pattern specifications: (a) Pattern A for cloth 1, (b) Pattern B for cloth 2, (c) Pattern C for the nose
and chin section, (d) Pattern D for the pocket section, and (e) Pattern E for cloth 3, specifically designed for
the mouth covering

2.2.2.  Water-resistant test

The water-resistant test was conducted on three types of face masks, i.e., surgical masks, cloth
masks, and banana leaf-filtered masks (Go-Go masks). The test was conducted by two methods, direct
observation and the calculation of the weight gain of filter paper. The direct observation was made by
analyzing whether the patches on the filter paper appeared inside the face mask. When the patches appeared
on the filter paper, this indicated that fluids penetrated the face mask. The observations were made in three
ways: the direct observation on visible patches (by eye), under UV-254 nm light, and UV-366 nm light.

The weight gain of filter paper was calculated based on the additional weight gain of filter paper
after methylene blue fluids were sprayed on the mask's front part. This test was adapted from the American
association of textile chemists and Colorist (AATCC) 42 water resistance test. The heavier filter paper
showed that the fluids penetrated the mask and were absorbed in the filter paper. The more fluids detected in
the filter paper, the greater potential for the mask to be penetrated by the fluids. The effectivity test result was
statistically examined using the Chi-square test and Kruskal Wallis and then presented descriptively. This
research has received approval from the Medical and Health Research Ethics Committee of the Faculty of
Medicine, Public Health and Nursing (FKKMK) UGM with No. KE/FK/0831/EC/2020.

3. RESULTS AND DISCUSSION
3.1. The design of the face masks

The sewn face mask, based on the design development trials, results in a cloth mask sized 20x18 cm
with the details of eight cm in length on the front part and five cm on each part of the nose and chin
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(Figure 2). The face mask design pattern in this study refers to the requirements by the WHO [3], consisting
of at least 3-4 layers of clothes depending on the type of material. It is in line with the study on the use of
non-medical masks, suggesting that face masks should consist of several layers to improve filtration
efficiency [14], [15]. The face mask designed in this study consists of the main (front) and the mask's
additional (back) parts. The front part of the mask consisted of two layers of cloth, and the inside part
consisted of one additional cloth layer specifically designed to cover the mouth. The additional specific cloth
layer for the mouth covering was based on considering that the largest droplet volume and concentration are
released as a person sneezes, coughs, and talks [16].
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Figure 2. The application of the face mask design

The shape of the face masks can be designed as flat folded or resembling a duckbill [2], [17].Centers
for Disease Control and Prevention (CDC) [6] provides an overview to independently produce masks
(homemade cloth face masks) in flat folded form, including both seamless and non-seamless masks.
Seamless masks can be produced by rolling a scarf or other materials into several folds. In addition, Davies et
al. [17] described the guidance of mask production with a flat folded model. However, several designs of
cloth face masks with some different shapes have also been developed. Dato et al. [18] developed a mask
made of a flat layer made of T-shirts with some modifications, such as using three straps stitched together to
the mask and the use of broader cloth. Meanwhile, Park and Jayaraman [19] redesigned the wider cloth face
mask without pleats on the nose, chin, and ears to enhance convenience and protection.

Besides these options, other shapes of cloth face masks are found in the market, such as the semi-
duckbill design or known as the 3-dimensional (3D) masks, and in the basic shape called scuba or buff
masks. The 3D mask model consists of a plain section without pleats on the front part and has a particular
part covering the nose and chin. In comparison, the plain masks are designed without any special pleats and
straps (the mask and straps are attached on the same cloth). However, scuba/buff masks are not
recommended since these masks only consist of one layer of cloth and have loose pores [20].

The association francaise de normalization (AFNOR) requires that the size standard of cloth face
mask should fit the facial morphology measured based on the anthropometry of bigonial width, the menton-
sellion length, the inter pupillary distance, and bitregion chin curvature [21]. The mask pattern size is
20x20 cm for the flat fold model and 21x20 cm for the duckbill model. CDC [6] describes the mask pattern
for a flat folded model with 25.4x15.2 cm, while Davies et al. [17] suggests the size of 20x16 cm in the same
model. The size distinction of the mask pattern is caused by the differences in the facial morphology of
each person based on race and ethnicity [22]. In this study, the size of the pattern used is based on the size of
Korean adults who have racial similarities with Indonesians or Asians.
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3.2. Bacterial filtration test
The bacterial filtration test was conducted in two types of face masks: a mask with a layer of banana
leaf (Go-Go mask) and a mask with the various types of fabrics.

3.2.1. Bacterial filtration efficiency (BFE) test on masks with leaf layer

The air could not directly feed the face masks with the leaf filtration. Therefore, a different test was
applied, i.e., the total plate count method. The mask used for this test was made of cotton cloth with the
inserted banana leaf filter inside. Table 1 shows that the outer part of the face mask using the leaf filter (A to
D samples) contains significantly less bacteria than the face mask without the leaf filter (control).

Table 1. Bacterial filtration test on leaf-filtered face masks

Samples Bacterial population (cfu/cm? cloth)
Samples without leaf layer (control) 30x10°
Samples with leaf layer A Not detected
Samples with leaf layer B 0.25x10°
Samples with leaf layer C 0.50x10°
Samples with leaf layer D 0.50x10°

The primary function of the face mask is filtering and preventing the entry of disease-causing
microorganisms or other pollutants. The filtration mechanism consists of a combination of interception,
diffusion, impaction (inertial impaction), and electrostatic filtration [22], [23]. Inertial impaction and
interception are the mechanisms responsible for collecting larger particles (>5 pm), while diffusion is
responsible for collecting smaller particles. Some filters made of charged fibers have an electrostatic
filtration mechanism to collect larger and smaller particles. This mechanism is essential to ensure that
medical protective equipment meets the filtration efficiency standards issued by the national institute for
occupational safety and health (NIOSH). It will increase the particle collection without interfering with the
respiratory process [24].

The filtration efficiency of the face mask must be supported by a layer of material that provides
those four abilities. Previous studies have shown that cloth facemasks had the ability to reduce particulate
exposure and thus provide some level of protection to the wearer [15], [25]. Various materials have been
developed to enhance the mask's filtration function. This study identifies the banana leaf as an additional
filter for cloth face masks. The filtration mechanism of the leaves is related to the ability of the leaves for
self-cleaning. The mechanism of self-cleaning on banana leaves as a hydrophobic plant occurs through three
critical processes, i.e., rough surfaces, reduction of particle adhesion, and fluid resistance [26]. In addition to
the structure of the leaves that make them hardly penetrated by water, the mechanism of self-cleaning also
allows the particles to not adhere much.

The result of the BFE test showed that banana-leaf filtered cloth face masks had a better average
bacterial filtration ability than the masks without the leaf filter as shown in Table 1. It is due to the structure
of the leaves that is hardly penetrated by microorganisms. Basically, a leaf provides a habitat ecosystem for
various microorganisms called the "phyllosphere” [27]. Various microbes, both pathogens, and saprophytes
can survive and even multiply on the leaf surface. Pathogens must cross the surface of the cuticle to gain
access to the intercellular spaces and inner tissues of the leaf. Some fungal pathogens can directly penetrate
the epidermis using cuticle- and cell wall-destroying enzymes, mechanical forces, or both [28]. However,
bacteria cannot directly penetrate the epidermis and enter the leaf tissue by an alternative mechanism through
natural openings on the surface such as stomata and hydathodes (the pores on the leaf edge).

The abundant number of stomata on the surface of banana leaf is one of the most important routes
for the entry of pathogenic bacteria [29]. The size of stomata depends on the types of banana plants in
Indonesia: the type of “Penjalin” (Musa acuminata) (26.488+1.288 pm), “Kluthuk warangan” (Musa
balbisiana) (26.488+2.962 um), “Warangan Ambon” (Musa acuminata) (33.572+2.284 um), “Kluthuk
susu” (Musa paradisiaca) (33.418+0.689 um), and “Raja Nangka” (Musa acuminata x Musa balbisiana)
(32.956+2.066 um) [30]. The large size of the stomata allows the bacteria with an average size of 0.6 to 0.8
pum to penetrate the leaf surface. The length of the banana plant stomata will also change if it is in a fruitful
state. The more aged the fruit is, the wider the stomata size [31]. Therefore, the ideal banana leaf that is
inserted is from the banana plant, which does not bear the fruits. The wounds or the damage on the leaf
surface caused by insects or environmental, mechanical damage, such as rain and wind, can be the potential
routes of bacteria to enter the leaves in addition to the natural openings [32]. Therefore, selecting the whole,
undamaged leaves as filters on the cloth face masks is highly recommended.
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3.2.2. Bacterial filtration efficiency (BFE) test on the clothes without leaf layer

The bacterial filtration test was conducted on various types of household clothes commonly used as
the face mask-making material shows in Table 2. All types of clothes can filter bacteria and the best filtration
results are from the combined clothes (cotton, polyester, and spunbond).

Table 2. Bacterial filtration on different types of clothes

Bacterial filtration ability
(in %) s

Types of clothes Sample Sample Sample Sample Sample z z
B C
Batik cloth (3 layers)
93.9 93.7 99.8 98.4 93.7 4795  95.9%
T-shirt cloth (3 layers)
85.9 98.4 98.4 99.8 93.9 476.4  95.28%
Cotton (3 layers)
98.4 96.8 93.7 96.8 92.2 4779  95.58%
95.3 98.4 100 95.3 96.8 4858 97.16%
Combined clothes (1 layer of cotton, 1 layer of
polyester, 1 layer of spunbond)
100 100 93.8 98.4 93.8 486 97.2%

As previously mentioned, one of the bases of this study is using the most available materials of
household cloth. However, the data showing the type of cloth widely used by the people to produce masks
are not yet identified. Based on the survey conducted by the authors on 98 respondents, only 30.3% said that
they wanted to produce their cloth masks of household fabrics. Considering these responses, the cloth chosen
as mask materials for this study was the most widely used household cloth. Based on the survey conducted
by the authors, the most widely used mask materials were cotton, t-shirts, batik cloth, and ero cotton
(unpublished data). The selected cloth was then used to develop 3-layer cloth masks.

Table 2 shows that all fabrics have a bacterial filtration efficiency of more than 90%. Based on
ASTM standards, surgical masks have a bacterial filtration ability of at least 95% (ASTM level 3) and 98%
(ASTM level 2 and 1) [33]. In line, a study found that single-layer of homemade masks did not met the
standard of BFE. In contrast, three double-layer materials can met the BFE standard [34]. Additionally, a
systematic review of published studies found that cloth mask efficiency is higher when made of multiple
layers [35].

Bacterial filtration studies showed that surgical masks have an average bacterial filtration ability of
96.35% (from Bacillus atrophaeus) and 89.52% (from bacteria bacteriophage MS2). Bacillus atrophaeus and
bacteriophage MS2 are 0.95-1.25 pm and 23 nm in diameter, respectively [5]. In this study, the types of
tested bacteria were any bacteria remaining in the air. There were no assessments on the types of bacteria
present in the air and the types of bacteria growing on the agar media.

Davies et al. [5] showed that household fabrics, such as napkins and cotton shirts, provide a less
than 90% filtration ability. Supposing the face mask is arranged in two layers of the same cloth material, in
that case, it significantly increases the bacterial filtration ability, although it cannot match the bacterial
filtration ability of surgical masks [5], [36]. However, if the cloth layer comprises three layers, the bacteria
filtration ability is almost similar to surgical masks' filtration ability [2]. In this study (Table 2), all the types
of fabrics tested were composed of three layers with average bacteria filtration ability as following: cotton
(95.58%), t-shirt cloth (95.28%), batik cloth (95.9%), and ero cotton (97.16%).

This study also tested the bacterial filtration ability of face masks with three different fabric layers
based on the WHO recommendations, i.e., the hydrophobic material for the outer part, the cloth layer with
the maximum filtration ability for the middle part, and hydrophilic cloth material for the inner part [3]. The
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fabrics used in this study were spunbond for the outer part, polyester for the second or the middle layer, and
cotton for the third or the inner layer. The result of this bacterial filtration test showed a filtration ability of
97.2% (Table 3). Each type of fabric has its characteristic in determining the bacterial filtration ability. This
is mainly determined by the pore size and the density of the fabric [37]. Fabrics with loose pores such as
gauze or fabrics with tight pore structures are not recommended to be the mask material [3]. The bacterial
filtration ability of masks is related to the mask’s ability to prevent disease transmission. The better the ability
of the cloth to filter bacteria, the lower the risk of infection for the wearers [38].

Table 3. Differences of water resistant potency based on the patches visibility

Observation on visible patches Observation on patches under Observation patches under
Type of mask - - N UV-254 nm N N UV-366 nm o
Visible Not visible Visible Not visible Visible Not visible
n% n% n% n% n% n%
Surgical masks (n=34) 0 0 34 100 0 0 34 100 0 0 34 100
Leaf filtered-masks (n=34) 13 38.2 21 61.8 13 38.2 21 618 13 38.2 21 61.8
Cloth masks (n=34) 34 100 0 0 34 100 0 0 34 100 0 0
p-value 0.0001 * 0.0001 * 0.0001 *

*: Chi-square test

3.3. Water resistant test

The water-resistant test was conducted on three types of face masks (surgical masks, cloth masks,
and leaf-filtered masks) based on the results of direct observation and the calculation of the weight gain of
filter paper.

3.3.1. Direct observation

Observing the visible patches, observing the patches under UV-254 nm light and UV-366 nm light,
and direct observations were made. Based on Table 3, surgical masks are the best masks out of the three
types of masks in retaining fluids in all three observations since none of these masks (0%) were penetrated by
the fluids. Furthermore, there were only 13 (38.2%) leaf-filtered masks that were penetrated by the fluids. In
contrast, the fluids penetrated all cloth masks. Further analysis indicated that the difference in the ability of
water-resistance of the three masks was significant (p-value<0.0001).

3.3.2. Calculation of the weight gain of filter paper

The assessment of water resistance was observed from the additional weight of the filter paper after
spraying the fluids on the front part of the mask. Based on the mean rank value, the highest weight gain of
filter paper was found in the cloth masks (83.50), and then leaf-filtered masks (44.00), and finally surgical
masks (27.00). The difference in weight gain was statistically significant (p-value<0.0001). Table 4 shows
the calculations of weight gain of each filter paper.

Table 4. The difference of weight gain of filter paper on face masks

Mask type Mean (g) Median (g)  Mean rank p-value
Surgical masks (n=34) 0 0.0 27.0
Leaf-filter mask (n=34) 0.42 0.0 44.0 0.0001 *
Cloth mask (n=34) 0.3 0.3 83.5

*: Kruskal Wallis

The ability of face masks to retain the fluids is essential to provide effective protective function and
filtration ability. Surgical masks and disposable respirators must be designed to be fluid-resistant [24].
Meanwhile, cloth face masks are not standardized to have this ability [6], [21]. However, several ways may
improve the water-resistance ability of cloth face masks, such as layered fabrics and the modification of a
particular material. In this study, masks were developed by modifying the available local materials,
particularly in limited resources circumstances. We used layered cotton cloth and the inserted banana leaf
sheet as an additional filter to increase the ability of the masks to retain the fluids.

Banana leaves have the hydrophobic ability of retaining fluids and are self-cleaning. This ability is
called the banana leaf effect (BLE) [8]. The hydrophobic character of the leaves is due to the presence of
convex epidermal cells, rough leaf surfaces, and dense epicular wax [26]. The wax can be dissolved under
temperature of 100°C (90°C). When the wax is dissolved, its hydrophobic nature decreases due to reduced
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adhesion force. The adhesion force is the ability of the leaves to retain fluids that adhere to their surface. A
study showed that the higher the heating temperature and the pressure, the lower the adhesion force [39].
Therefore, the banana leaf used for the mask filtration is not required to be heated through a particular
mechanism, and wilting it at room temperature is sufficient.

The result obtained from the direct observation and the calculation of the weight gain of filter paper
showed that although leaf-filtered masks do not provide equal water resistance ability as compared to
surgical masks, the leaf filtered masks have better ability than the cloth masks without leaf filter. The leaf
function that is not optimal in retaining water can be possibly caused by technical factors, for example, if the
leaf sheet does not cover the entire part of the mask. Furthermore, some significant findings should be
considered to optimize the use of leaves as additional filtration in face masks, such as selecting the leaf type
and the mask design. The too young leaf is not readily inserted into the mask pocket because it is too soft,
easily withers, and tends to curl. Every banana leaf grows from the middle pseudostem in the form of
cylindrical rolls (cigar leaf) [40]. Young banana leaves will be tightly circular, whitish, and very brittle [41].
The shape of the banana leaf varies based on age, gradually changing from a tightly rolled vertical cylindrical
shape to a widened horizontal posture [42]. Therefore, selecting completely expanded leaves is highly
recommended for mask filters.

In addition, the face mask design is essential to optimize the modification of the banana leaf sheet
and the cloth in retaining the fluids. A mask that has multiple stitches will allow fluids to penetrate more
easily through the suture holes. AFNOR [21] mentioned that a good mask should have tight stitches and
fewer creases among the stitches to avoid the air (small particles) leaking through the seams. Additionally, it
is not recommended to stitch vertically in the middle of the mask above the mouth and under the nose. The
face mask developed in this study is a plain-designed face mask without stitching on the front part. Based on
the stitched face mask design recommended by the AFNOR, CDC, and the WHO, all stitches are on the edge
of the mask to reduce the leaking.

4. CONCLUSION

The Go-Go leaf-filtered cloth face mask design is made with the dimensions of 20x18 cm, with the
model of a semi-duckbill design consisting of three layers of cotton cloth equipped with a pocket to insert a
banana leaf sheet. The mask effectivity measured by two mask effectivity standards (bacterial filtration and
water resistance) shows that the leaf-filtered mask made of three layers of cloth is more effective in filtering
bacteria and retaining fluids than a mask made of only one cloth. However, further studies are required to
identify the effectiveness of the face mask combination based on the breathability aspect.
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