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Abstract

Wound healing is the reparative and restorative process that dermal tissue undergoes after an injury or
infection. The successive stages involved include coagulation, which is the process of blood cells clotting
together into a semi-solid state to prevent excessive bleeding,  inflammation, which is when re the body
reacts to the injury by becoming swollen and painful, then  resolution of inflammation, which occurs
when the  reddened and inflamed area abates, and finally, remodeling which is when the injury heals and
forms a layer of skin on top. During this process, it is essential to prevent the introduction of pathogens
during any of the healing phases so that tissue regeneration of the wound is accomplished in a timely
manner. As a result, wound dressing materials are crucial. However, with the global move towards
sustainability and reduced reliance on fossil fuels an issue that arises is that there are few wound healing
options available on the market that are fully biodegradable, adjustable, attractive, or implement the
healing powers of an ointment made from natural ingredients for effective reduction of inflammation and
improved recovery time.

Therefore, this research examines the development of a microbial-based textile layer made from
symbiotic cultures of bacterial yeast (“SCOBY”) and the addition of a plant-based healing ointment made
from olive oil, aloe vera gel, and coconut oil as a sustainable and biodegradable wound based alternative.
SCOBY is also known as “tea fungus” since it is a probiotic bacteria that is grown by adding its culture to
brewed tea. After some time, a thin culture is created that is a strong and flexible leather-like base made to
hold the product and the plant-based healing ointment together, and is fully biodegradable. In this paper
the SCOBY based material is referred to as “SCOBY Skin.”A 1.75 inch by 4 inch flexible bandage, lined
with soft gauze, and natural ingredients known to benefit wound healing. Based on the findings of this
research SCOBY Skin proves to be a suitable alternative to conventional band-aids. Plastic was
eliminated from this device because microplastics can harm the area of injury by entering the skin tissue.
After use, and upon disposal, plastic harms the planet due to the fact that they are not biodegradable.
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Research Question: How can a microbial-based textile adhesive coated in a natural ointment assist in the
treatment of wound healing?

Introduction

The health of our planet and its inhabitants is declining at an exponential rate. One major cause is the use
of plastics in our world. Due to environmental influences like salinity and sunlight, plastics often break
down into smaller pieces known as microplastics. These microplastics travel up the food chain and disrupt
the life cycles of aquatic organisms by contaminating water and creating long term impacts on their
feeding, behavior, and reproductive health (Salerno et al., 2021). As humans are also a part of the food
web, microplastics end up in our blood from the food we eat and the air we breathe. Consumption of
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microplastics causes problems in the human gut and cell damage which lead to many health risks and
hazards such as indigestion (Rokomatu et al., 2021).

The medical field produces a significant amount of waste and plastic. In 2019, it was found that the global
health care industry accounted for 4.4% of worldwide net emissions, which is equivalent to 514 coal-fired
power plants (Karliner et al., 2019). Additionally, the United States holds 27% of the global health care
footprint and as a result is the world’s highest emitter of health care related greenhouse gasses (Karliner et
al., 2019). The National Health Services is estimated to dispose of approximately 133,000 tonnes of
plastic annually and only about 5% of plastic waste is recycled (Percival, 2019).  This is often because
items need to be single use and sanitary in order to prevent viruses or germs from entering our bodies and
easy to use by patients so that they can continue the wound healing process at home if needed. However,
this large plastic consumption also accounts for packaging that is wrapped around products and
instruments used in the medical field. Furthermore, due to COVID-19, medical facilities have increased
infectious control protocols which have increased the use and often over-use of single use plastics.
According to the World Health Organization (WHO), the types of waste that medical facilities generate
include infectious waste, pathological waste, sharps waste, chemical waste, cytotoxic waste, radioactive
waste, and non-hazardous waste (World Health Organization, 2018).

For the purposes of this paper, infectious waste will be the main focus. It includes waste contaminated
with blood and other bodily fluids or waste from patients with infectious diseases that include swabs,
bandages, and disposable wound dressings. The average amount of waste  generated per capita per day is
between 0.19 and 0.88 kilograms (0.42 and 1.94 pounds). Adding on to that, medical centers make 3.8
times more infectious waste compared to regular hospitals. Even though many people and organizations
are trying to cut down the use of single use plastics, the effort hasn’t been seen through in hospitals.

It is understandable that sustainability is more difficult in medical settings because professionals have to
prioritize positive patient health outcomes and reduce contamination. However there are signs that that
mindset is shifting. In 2018, four Mayo Clinic foundations in the United States collectively instituted a
survey that investigated healthcare waste disposal, production, and overall management. They found that
one-fifth of waste from medical facilities are single-use plastics. To put it in perspective, 57% of the
participants were not aware of what to recycle in certain situations while 39% of them rarely recycled
since it can be classified as “extra work”. Finally, 48% of volunteers did not have the knowledge on how
to properly recycle (Azouz et al., 2019). In the United States the recycling rate for the general population
in 2021 was approximately 5% to 6% for plastics that were used by a customer and then recycled (Fox,
2022). This compares to about 9.5% in 2014 (United States Environmental Protection Agency, 2016).
Recycling or renewing plastic comes with concerns of infectious risk and the reluctance to separate
different plastics based on what can or cannot be considered post consumer plastic. However, when
plastic is left to degrade, it stays on Earth in a form that is usually waste, plastics, or healthcare products
(Azouz et al., 2019). Due to these reasons, replacing plastic-based materials that are commonly used and
necessary in medical facilities, such as wound dressings, with more sustainable and biodegradable
alternatives is critical.

A proposed alternative is a cellulose-based material known as  symbiotic culture of bacterial yeast
(SCOBY), which is commonly used as the starting material in the fermented drink, Kombucha. SCOBY
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is also known as “tea fungus” since it is a probiotic bacteria that is grown by adding its culture to brewed
tea. This paper will use SCOBY and tea fungus interchangeably. Figure 1 shows that SCOBY has several
physical, chemical, mechanical, and biological properties that are beneficial to sustainability and the
medical field such as being thermally stable, capable of ion exchange,bio-compatible, antibacterial, and
biodegradable. This paper investigates how a biodegradable microbial based textile can act as a
replacement for traditional wound dressing and how the addition of naturally-occurring ingredients can
improve wound healing. This is why with the support of my mentor, Cheldina Jean, I created a solution to
improve people’s lives while staying kind to the planet. Introducing SCOBY Skin.

Figure 1. Properties of SCOBY or, tea fungus (Laavanya et al., 2021)

Traditionally, methods of wound dressing include wrapping gauze and tape or bandages around the cut.
These items are made of plastic and are designed to prevent any germs from contaminating the wound
rather than accelerating the process of healing. The process of healing a wound includes four steps,
homeostasis, when the injury is being closed by the clotting of red blood cells. Then, inflammation where
the injury swells to regulate bleeding. Next, proliferation, when the tissue is rebuilt and finally,
remodeling which can take up to two years when the body strengthens the tissue (Guo and DiPietro,
2010). SCOBY Skin is infused with natural, restorative paste that has been selected to help accelerate the
healing process while preventing bacteria from entering the area of abrasion.

SCOBY Skin is beneficial to anyone that has an open wound because it includes natural ingredients
culminated into a paste that targets the acceleration of repairing skin tissue while reducing the need for
single use plastics. It is made to be biodegradable anywhere, whether it is in a landfill or in your compost
bin. This product is made from all natural ingredients and grown without any chemicals or harmful
substances. It is hypothesized that this tea fungus dressing will have a comparable efficacy to traditional
wound healing methods in terms of ease of use.
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Methods and Materials

When creating this bandage, all surfaces, utensils, and products used were sanitized and sterilized to keep
in mind the safety and sanitation requirements for medical devices used by patients. The base layer of
SCOBY Skin is SCOBY, a cellulose-based film known as symbiotic culture of bacteria and yeast. This
results from the fermentation process of brewing sugar and tea. Above the tea fungus, 100% cotton gauze
is placed for sanitary purposes. Layered on the gauze is an ointment benefiting wound healing. These
ingredients are natural and are known to heal wounds. It is a mixture of olive oil, aloe vera gel, and
coconut oil. Underneath and over the SCOBY, gauze, and the paste, are compostable fruit bags that are
hygienic films from dust or bacteria.

Figure 2 shows the layers in which the product is built. 1 refers to the bottom-most layer, and 4 refers to
the topmost layer. 2a-c refer to the layers in between the bottom and top layers; respectively SCOBY,

gauze, healing aid made from natural, organic ingredients.
Making the SCOBY:

In two sterilized glass containers, 1 liter of Twinings English Breakfast 100% Black Tea (Associated
British Foods, United Kingdom) was brewed, and then cooled. Then it was put through a fine mesh
strainer into each bowl (½ a liter per bowl). Next, two tablespoons of Four Monks Distilled White
Vinegar (Mizkan’s Americas Inc) was poured into the tea to ensure that the pH was under 3.5. This is to
prevent mold because it cannot thrive in this low of a pH while the tea fungus can. Then, 50 grams of
sugar was dissolved into each container of tea because this culture uses glucose to grow. A Kombucha
Scoby Starter Fluid (Brew Your Bucha, Vancouver, Canada) was left to settle in the containers as it is the
culture that allows the layer of symbiotic bacteria to grow over the tea. Finally, the containers were
covered with a light paper towel that was secured with rubber bands in order to allow the tea fungus to
aerate while preventing foreign objects from contaminating the solution. The tea fungus was left in a cool,
dark place to grow at room temperature.
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After about three weeks, a layer of SCOBY had grown on top by a process known as symbiotic
fermentation, which is when organisms interact to create a product of matter. The cellulose membrane
was as big as the aerial view of the containers, which was 14 centimeters or 5.5 inches was the diameter
of the circular container. Once it reached a suitable thickness of 0.25 inches (0.64 cm), the tea fungus
membrane was rinsed with water and left to dry in the sun, on a flat wooden surface for about 8 hours.
This process guarantees that no moisture is left and so that the bacteria in the SCOBY ceases to continue
replicating. The result of the SCOBY is a thin but flexible textile that is hydrophobic and sticky, perfect to
attach materials together and fabricate our bandage alternative.

For the final project, underneath the SCOBY, a compostable fruit bag (Unni, California) was cut and
attached as a sanitary layer between the bandage and the external environment. The SCOBY was cut into
a semicircle that has a radius of 1.5 inches and is 3.25 inches wide. 100% cotton gauze (FlexTrek,
Montana) was adhered to the flexible, sticky surface of the textile with biodegradable tape (ECOAND,
Seoul) as it is the part that is in contact with the skin. Lined along the gauze, there are wound healing
paste designed to benefit the quick repair of skin tissue.

These natural ingredients include olive oil, aloe vera gel and coconut oil. One teaspoon of olive oil, three
teaspoons of aloe vera gel, and one teaspoon of coconut oil were used. The ratio of aloe vera gel was
higher to get a gel-like consistency that is easy to spread.

Results

The final biodegradable bandage is 1.75 inches wide by 4 inches long (see Fig. 3). Once the
microbial-based, biodegradable project is ready for use, the patient will remove the sanitary layer on top
and apply the wound healing induced side to the area injured. There is a hygienic layer because, on the
gauze the natural ointment can be infested with harmful bacteria if kept in the open for too long which is
the same reason why the bottom of the SCOBY is covered.

5



Figure 3 shows the process of creating the sustainable textile adhesive. There were six steps involved in
the assembly of this product. Step 1: was to lay the bottom hygienic layer of the compostable fruit bag.
Step 2: was to add the biodegradable tape to secure future pieces. Step 3: was to add the SCOBY above
the tape. Step 4: was to place the 100% cotton gauze above the SCOBY. Step 5: was to spread the natural
wound healing ointment on the gauze. Finally, Step 6: was to attach another hygienic film of the
compostable fruit bag above the product. The diagram for SCOBY Skin is shown above (see Fig. 2).

Based on extensive research, I have found very natural, effective, and inexpensive wound healing
materials that can be used for skin tissue restoration. As stated above, these include olive oil, aloe vera
gel, and coconut oil. Olive oil promotes cell repair due to fatty acids in the oil such as linoleic and
linolenic acids. It also helps produce a new epithelial tissue on the wound because of its
anti-inflammatory traits (Eske, 2019).

Aloe vera gel is used in the paste because it stimulates cell regeneration and reduces skin inflammation
(Karimi et al., 2019). An essay written conducted an experiment out of test tubes. Whole leaf aloe versus
aloe gel were examined. The in vitro test showed that after 48 hours, all of the plant-based aloe
ingredients showed some wound healing. The aloe marlothii leaf was 98.07% wound closer, 98.00%
wound closer for aloe vera gel, 97.20% for the aloe marlothii gel, 96.00% for the aloe vera leaf, 94.00%
for the aloe ferox gel, and 81.30% for the aloe ferox leaf. Overall, it shows that the aloe gel is more
effective in the full wound closer (Fox et al., 2017).
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The blend aloe vera and olive oil has proven to make an impact in wounds. After a test that included 60
people with chronic wounds, they randomly split the participants into two groups, one using a prescribed
ointment (phenytoin), and the others used the combination of olive oil and aloe vera gel. After about a
month of treatment to the patients, it was found that overall wound healing was seen for both the natural
paste and the chemical filled ointment, though the natural ointment had a larger efficacy (Panahi et al.,
2015).
This fully sustainable paste is also verified to increase effectiveness of healing in surgically removed
diabetic wounds compared to the two ingredients used separately and chemically designed ways to heal
(Massoud et al, 2022).

Lastly, the paste includes coconut oil which has antimicrobial benefits due to its high concentration of the
fatty acid known as monolaurin. It also contains medium chain triglycerides that are known to lower the
risk of harmful infections (Gotter, 2018). This combination of natural ingredients was also used on
domestic cats as a treatment for scabies, a parasitic skin disease. It was found to be the fastest healing
ointment effect compared to the other cream formulas used (Solikah, 2021). Another study shows that
coconut oil on a gelatin-based film, such as aloe vera, has demonstrated useful and effective wound
curing for minor cuts and scrapes (Karamanlioglu et al., 2022). This is due to the hydrophilicity and the
nanofibers between the two compounds (Mohamadi et al., 2022).

Discussion

Developing this product can take a lengthy amount of time. Nonetheless, the outcome is worth the wait
due to the biodegradable and injury curing properties. Remembering to sanitize all surfaces before use
and in the making of the product is key. If this isn’t done, then bacteria and mold can affect the growth of
the tea fungus and the efficacy of the skin tissue repairing product.

The final prototype of SCOBY Skin was made using the outline in Figure 3. The SCOBY base was sticky,
therefore, attaching the cotton gauze was easily done. However, to guarantee extra support, biodegradable
paper tape was used. The paper tape was used to join the hygienic wrap and the bandage which secured
the gauze to the tea fungus. The natural wound healing paste was spread on top of the gauze. The hygienic
film was a compostable food scrap bag which was trimmed to specific dimensions and attached to the top
and bottom of the item. This was to keep a longer shelf life and for antiseptic purposes. The wound
healing ointment made a great impact on the value of this product. Many tests have been done to prove
that each one of the natural ingredients used in the healing paste are beneficial to tissue restoration. The
mixture of ingredients is a fabulous combination as it increases the ability of skin barrier function as it has
anti-inflammatory and skin protectiveness traits as well as being used in certain skin care formulas
(Varma et al., 2019).

Future Research Directions

This research is meant to help people realize how being sustainable puts a positive effect on ourselves and
our planet. I want others to build off of this idea to make sustainability a humongous area that people step
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into. Therefore, here are some ideas to make this product further revolutionize the medical field. This
cellulose membrane could be developed in the future to replicate the texture of and the wide range of skin
tones, which could benefit burn victims by healing the open wounds, while hiding the injuries. The
objective of this approach is for the product to fit most, if not all of these skin tones to make the product
more inclusive. This can be done by growing the culture thicker so that it is darker, or thinner so that it is
lighter. Tea fungus is extremely hydrophilic meaning that when it touches water, it will disintegrate.
Finding an approach or sustainable chemical to prevent this or cause the tea fungus to be hydrophobic
would be useful because it would extend the life of the SCOBY bandage as  patients will not have to
replace the bandage frequently and because  wounds often produce moisture in order to heal.

In terms of the wound healing paste, some compounds could be made to be full natural products. For
example, at many stores, they sell aloe vera gel mixed with chemicals which, in some instances, are
unnecessary. Greater sustainability in the medical field can be made by reducing or recycling more
medical products. Whilst in the research for medical sustainability, I stumbled across mycelium. This
product is a type of fungus that grows on agricultural waste (The Editors of Encyclopedia Britannica,
2017). A company that focuses on this material is Ecovative. They work on growing mycelium to make
biodegradable modifications of plastic waste such as packing peanuts or styrofoam. And can be used as a
sustainable caste alternative in the future.

Limitations

Some hardships I overcame when conducting this project were the growth process of the SCOBY, the
texture of how the paste should be applied to the gauze, and using some type sanitary layer that is also
biodegradable.

The first problem that occurred was when trying to grow the SCOBY. A large tub was used as the
SCOBY would need to grow to a sizable amount for the test products of the final project. This plastic tub
was washed and sterilized regardless, growing something at a larger level is always different. After one
and a half weeks of growing the SCOBY, black specks and white splotches started to grow all over the tea
fungus film. The batch was disposed of as it would not be a good example of the final product. A
completely different container for the second trial as mold spores could still lay in the other container. The
tea was rebrewed and a new piece of SCOBY culture was used for this batch. Although, after a week two
large, white mold splotches occurred. After taking off the whole film with mold, there was another film
under, in the same container. It continued to grow for another week however, small black dots of mold
grew. This was probably because the same cheesecloth that the previous mold had grown under was used.
Finally, another tablespoon of vinegar was added, changed the cheesecloth and added a little more starting
culture and it grew!

The second barrier that stood was trying to figure out what consistency of ointment should be used for
this project. There was a powder option of cocoa powder, turmeric, and green tea leaves but this didn’t
work because it couldn't stick to the gauze, there was too little information on the ingredients to prove that
they benefit the restoration of skin tissue, and products such as green tea leaves entering a wound could be
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dangerous. Therefore, the paste had to be used. The paste stuck to the gauze and the benefits of the paste
components have been supported by many articles. For that reason, this issue was resolved.

A third roadblock was finding what to use as a sanitation layer between open air and the product. There
are companies that create and sell biodegradable plastic made from seaweed such as Notpla, FlexSea,
SoluBlue, Kelpi, B’Zeos, and more. A collaboration was attempted with these companies. Most of these
brands did not respond to the request to order their products. The brands that did were based in the U.K.
where shipping or picking up the product would be difficult. As a result, some alternatives wereideated.
Some solutions included compostable garbage bags, which is an affordable option that can easily be cut
into various lengths based on the SCOBY bandage size. Consequently, the last complication was out of
the way.

Conclusion

This project is made to improve the conditions for wound healing. It simultaneously cares for our planet
by ensuring that used bandages are fully biodegradable. It focuses on the growth and fermentation of
SCOBY, a symbiotic bacteria that is a thin and flexible textile, perfect as an alternative to bandages while
considering a speedy recovery for the patient with a natural wound healing paste.

Overall, the construction process of SCOBY Skin was a great experience in learning material science and
how to manufacture biodegradable items while researching how it can assist humankind in protecting our
wounds at a comparable efficacy to conventional bandages.
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