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Abstract:  

Water is an absolute necessity of life. Access to sufficient quantities of clean water is a persistent global 

problem. Our natural resources are also under pressure, as we grapple with pollution, climate change, and a 

rapidly growing population. Water pollution comes from many sources including pesticides and fertilizers 

that wash away from farms, untreated human wastewater, and industrial waste. Even groundwater is not 

safe from pollution, Unfortunately, tap water, which is meant to be safe for drinking, can be quite harmful 

as contaminants affect overall water quality. Additionally, physical, chemical and microbiological 

impurities from various water sources make water even more unsafe for consumption. Due to the high risk 

associated with impure water, the demand for water filtration has never been higher. This article describes 

Biofilm of kombucha symbiotic culture of bacteria and yeast (SCOBY). and its bacterial cellulose network 

as an alternative bio water filter.  
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Water covers 70% of our planet, and it is easy to think that it will always be plentiful. However, freshwater—

the stuff we drink, bathe in, irrigate our farm fields with—is incredibly rare. Only 3% of the world’s water 

is fresh water, and two-thirds of that is tucked away in frozen glaciers or otherwise unavailable for our use. 

Water scarcity limits access to safe water for drinking and for practising basic hygiene at home, in schools 

and in health-care facilities. When water is scarce, sewage systems can fail and the threat of contracting 

diseases like cholera surges. Many of the water systems that keep ecosystems thriving and feed a growing 

human population have become stressed. Rivers, lakes and aquifers are drying up or becoming too polluted 

to use. Access to sufficient quantities of clean water is a persistent global problem. Water pollution comes 

from many sources including pesticides and fertilizers that wash away from farms, untreated human 

wastewater, and industrial waste. Even groundwater is not safe from pollution, as many pollutants can leach 

into underground aquifers. Some effects are immediate, as when harmful bacteria from human waste 
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contaminate water and make it unfit to drink.  Currently, 2.2 billion people have limited access to safe 

drinking water, and by 2025, half of the world’s population will be living in water-stressed areas. 

(https://www.unicef.org/wash/water-scarcity). Water is a limited resource on earth which is chemically 

treated to fight with various types of harmful viruses or bacteria available in it, that makes millions of people 

ill each year (according to the research) and this is the main reason why water purification is most important. 

Consumption of contaminated water can lead to serious health issues, and sometimes the result can be 

massively harmful. As per the research contaminated water lead the diseases like- diarrhoea, cholera, 

dysentery, typhoid, and polio, and is estimated to cause 502 000 diarrhoea deaths each year.  Water is such 

an essential part of our daily lives that many times we don’t stop to consider where it’s being sourced or the 

quality of it. For many, tap water is deemed undrinkable, which is where filtered water comes into play. The 

importance of water filtration is that it gives people access to clean water that is free of contaminants, that 

tastes good, and is a reliable source of hydration. Without it, there’s the risk of becoming ill 

from contaminated water or the alternative of drinking other beverages that may not be as good for your 

health as purified water. 

           There are different types of filtered water but all offer the basics of the water purification process. This 

involves water that has been strained of harmful chemicals, pesticides, bacteria, and other particles that 

contaminate the water. The main importance of water filtration is to prevent water-related illnesses and 

diseases. Infants, elderly adults, and people with poor immune systems are more highly susceptible to 

experiencing adverse effects due to contaminated water from the tap. 

 In water treatment, micro- and ultrafiltration membranes remove pathogens (protozoa 

like Giardia and Cryptosporidium and bacteria like Escherichia coli) without relying on complex water 

chemistry required for more conventional methods of water treatment, such as coagulation. Membranes also 

have a smaller footprint than that of conventional water treatment systems, making them more desirable in 

urban and decentralized locations ( Zodrow K. R. et al., 2017)  

 

To combat drawbacks associated with traditional polymeric membrane implementation, many have looked 

to biological systems for inspiration, creating several classes of biomimetic membranes. The incorporation 

of aquaporins, biological water channels, into synthetic membranes is appealing due to their high-water 

conductivity, which promotes high flux across the membrane. (Ge, J.et al., 2018; Kaufman, Y. et al,. 2014) 

However, these biomimetic synthetic membranes are often based on conventional membrane fabrication 

processes. Unfortunately, conventional polymeric membrane fabrication commonly requires a large amount 

of harmful solvents, such as the aprotic solvents N-methyl-2-pyrrolidone (NMP), N, N-dimethylformamide 

(DMF), and tetrahydrofuran (THF). (Figoli, A   et al 2014) Workers exposed to DMF, NMP, and THF may 

experience hepatic toxicity, ( Long, G et al., 2001) developmental toxicity, (Åkesson, et al., 2001) or 

neurotoxic and transient hepatic toxic effects, respectively. (Ge J.; Zong D et al., 2018) Thus, membranes 

that can be manufactured without harmful organic solvents could decrease environmental and health-related 

impacts. 
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Some water filtration membranes now incorporate self-healing materials to overcome traditional membrane 

disadvantages. Self-healing polymers include classes of formaldehydes, epoxies, acrylic acids, and 

polyelectrolytes, among others. (Kaufman Y et al., 2014; Figoli A et al., 2014; Long G. et al., 2001; Åkesson 

B. 2001 9−12) While quite promising, traditional self-healing repairs lack permeability in the repaired area, 

and there is a need for research focused on repeated repair. Meanwhile, biological and cell membranes are 

able to recover from repeated damage and degradation.  

This paper describes Biofilm of kombucha symbiotic culture of bacteria and yeast (SCOBY). and its 

bacterial cellulose network applications. Biofilms are aggregates of microorganisms embedded in a self-

produced matrix of extracellular polymeric substances (Vert et al., 2012), and several research works include 

sessile microbial structures without a solid surface in the definition of a biofilm (Zara et al., 2005;  Alhede 

et al., 2011; David-Vaizant and Alexandre, 2018). These resistance forms limit the diffusion of toxins, the 

impact of brutal changes and extreme conditions in environmental parameters such as pH, temperature, or 

hygrometry, and facilitates the access to nutrients and microbial communication via quorum-sensing 

signalization in some bacterial species (Davies, 1998; Carlier et al., 2015; Flemming et al., 2016). Cellulosic 

pellicles hosting microorganisms from kombucha and vinegar can be considered as biofilm despite their 

macroscopic scale.   

          Kombucha culture is composed of a symbiotic growth of acid producing bacteria and osmophilic yeast 

species in a zoogleal mat. During the kombucha tea fermentation a gelatinous, cellulose-based biofilm or a 

pellicle is formed at the air–liquid interface. This biofilm is a Symbiotic Culture of Bacteria and Yeast 

(SCOBY) and commonly known as a tea mushroom as well. SCOBY is the commonly used acronym for 

"symbiotic culture of bacteria and yeast", is a gelatinous, cellulose-based biofilm or microbial mat found 

floating at the container's air-liquid interface. and is formed after the completion of a 

unique fermentation process of several sour foods and beverages such as kombucha . The appearance of the 

SCOBY can vary, but it’s typically dense, round, rubbery and opaque with a mild, vinegar-like smell. The 

dish-like structure of the SCOBY is comprised mostly of a type of insoluble fibre known as cellulose. 

SCOBY, a biofilm of cellulose containing the symbiotic culture of bacteria and yeast, is a by-product of 

Kombucha tea fermentation. The microbial populations in a SCOBY may vary, but generally 

include Acetobacter bacterial species, various Saccharomyces and a number other types of yeasts (Jaya 

Balan, R et al.,2014). Within this culture, anaerobic ethanol fermentation by yeast, organic acid fermentation 

and aerobic ethanol oxidation to acetate through bacteria can all take place concurrently along an oxygen 

gradient. In addition, Acetobacter may well polymerize glucose residues forming a bacterial cellulose mat 

supporting the microbial culture (Jaya Balan, R et al.,2014; Villarreal-Soto, et al.,2018). Kombucha cultures 

– a mix of bacteria and yeast – protect themselves against adverse conditions by making a cellulose-based 

structure to resist high temperatures and radiation. The biofilm is thick enough to see with the naked eye, 

even though it is created by microorganisms. SCOBY take the form of a solid-phase cellulosic pellicle, 

serially transferred from a finished batch of Kombucha to a new batch of tea. Formation of this solid phase 

is reliant upon the presence of at least one cellulose-producing acetic acid bacterium (AAB) of the 

Komagataeibacter (formerly Gluconacetobacter) genus [(Yamada Y et al.,2012) Unsurprisingly then, 

http://www.ijcrt.org/
https://www.frontiersin.org/articles/10.3389/fmicb.2021.725379/full#B49
https://www.frontiersin.org/articles/10.3389/fmicb.2021.725379/full#B54
https://en.wikipedia.org/wiki/Symbiotic_bacteria
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Yeast
https://en.wikipedia.org/wiki/Fermentation
https://en.wikipedia.org/wiki/Kombucha


www.ijcspub.org                                        © 2022 IJCSPUB | Volume 12, Issue 2 June 2022 | ISSN: 2250-1770 

IJCSP22B1183 International Journal of Current Science (IJCSPUB) www.ijcspub.org 600 
 

Komagataeibacter is consistently cited as the most prevalent bacterial genus associated with Kombucha 

production and has been reported in both liquid and solid phases. Species of Komagataeibacter observed 

include K. xylinus [Reva O.N., et al., 2015; De Filippis F., et al., 2018], K. rhaeticus [Machado R.T.A.,] et 

al., 2016; Semjonovs P., et al 2017; Gaggìa F., et al 2018, K. saccharivorans (Reva O.N., et al., 2015; De 

Filippis F., et al., 2018], K. intermedius (Reva O.N., et al., 2015; Gaggìa F., et al 2018; dos Santos R.A.C., 

et al 2015), and K. kombuchae (also known as K. hansenii) (Reva O.N., et al., 2015). As well as generating 

the solid-phase pellicle, Komagataeibacter is responsible for production of organic acids integral to 

Kombucha’s characteristic sweet and sour flavor profile (Sievers M., et al., 2020; Blanc P.J et a;., 1996; 

Balentine D.A., et al 1997; Liu C.-H., et al .,1996). This function is presumably also performed by other 

Microorganisms genera of AAB described in SCOBY, such as Acetobacter ( Marsh A.J., et al.,2014; Chen 

C., et al., 2000], Tanticharoenia (Coton M., et al., 2017) and Gluconobacter (Coton M., et al., 2017; 

Chakravorty S.,et a;., 2016), though the relative importance of these has not been elucidated. The role and 

prevalence of lactic acid bacteria (LAB) in Kombucha fermentation is less clear, but culture- [3 Marsh 

A.J., et al.,2014] and sequencing-based (Coton M., et al., 2017) studies have reported genera such as 

Lactobacillus, Lactococcus and Oenococcus amongst SCOBY microbiota. SCOBYs can vary greatly in cell 

density within the biofilm due to fermentation conditions, leading to possible variations in the end product; 

numerous studies are currently taking place to determine the optimal ratio of SCOBY, if any, to liquid 

culture to ensure highest product consistency, as there are no standard operating procedures in place.(May 

et al., 2019 ) Based on the desired product of the SCOBY, different species of bacteria and yeast are used. 

Such cultures generally include aerobic, gram negative AAB species such 

as Acetobacter, Gluconobacter and Komagataeibacter, aerobic, gram positive LAB such as Lactobacillus, 

as well as various yeasts such as Saccharomyces and Zygosaccharomyces.     (Yao, et al., 2013; Bokulich, 

N.  A et al, 2013) A Strains are pre-screened for viability under compatible conditions, increased yield of 

desired product, and indisposition to compete; once chosen, various culture conditions are modified for 

optimal growth and productivity. (Yao,  et al., 2013) 

 

For kombucha SCOBYs, the first step is yeast fermentation of sugars such as glucose from black or green 

tea into ethanol and carbon dioxide.( Villarreal-Soto et al., 2018 )Zygosaccharomyces is reported to be 

involved in 84.1% of all kombucha SCOBY fermentation processes due to its improved stability in high 

sugar and halophilic conditions, while Saccharomyces is predominantly used for its efficient fermentation 

rates and resistance to high temperature and alcohol content.( Yao, et al., 2013) .Different variations of yeast 

can also be added as either a supplemental means to introduce different flavours and aromas or ensure 

reaction completion by utilizing different niches. ( Yao, et al.,2013) While these niches vary yeast to yeast, 

certain fermentation conditions remain consistent. Such conditions include but are not limited to high 

substrate concentration, sufficient oxygen levels, temperatures between 20 °C and 30 °C, and a pH between 

4-4.5. ( St-Pierre, et al.,2019). The second step in the formation of SCOBY is the introduction of different 

bacteria into the liquid culture to convert the ethanol product of fermentation into organic acids such as 
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lactic acid or acetic acid. These processes are known as lactic acid fermentation and ethanol 

metabolism respectively (Villarreal-Soto et al., 2018) .A possible by product of this reaction is cellulose, 

which serves as the foundation for the SCOBY biofilm.( May,et al., 2019) Like yeasts, the species of 

bacteria chosen as well as culture conditions directly affect both the characteristics of the liquid kombucha 

product as well as the composition and morphology of the SCOBY pellicle. While there are many species 

that have the mechanisms necessary to form cellulose such 

as Acetobacter and Komagataeibacter, Gluconaceobacter are one of the most populous used, residing in 

between 86-99% of both liquid and biofilm cultures (Yao, et al.,2013). The necessary culturing conditions 

of these bacteria are similar to that of yeasts, but require more oxygen due to their aerobic nature in oxidizing 

ethanol to form organic acids.( St-Pierre. et al., 2019) 

The cellulosic structure is formed by AAB and can also be grown in pure AAB cultures ( Iguchi et al., 

2000;  Gullo et al., 2018). Komagataeibacter xylinus is the model bacteria used to elucidate the formation 

mechanism of cellulose by AAB. K. xylinus can use a range of compounds to produce cellulose, including 

hexoses, glycerol, pyruvate, and dicarboxylic acids. These compounds are involved in gluconeogenesis, 

leading indirectly to the cellulose precursor: uridine diphosphate glucose. The polymerization of glucose 

units bound by β1→4 linking using this precursor is catalyzed by cellulose synthase (  Ross et al., 1991). 

This transmembrane enzyme of 400–500 kDa can be seen as 50–80 pores organized spatially in row along 

the cell for the extrusion of cellulose. Cellulose synthase takes uridine diphosphate from the cytosol and 

extrudes 2–4 nm protofibrils into the extracellular medium ( Iguchi et al., 2000;  Chawla et al., 2009). 

Protofibrils associate into ribbon-shaped microfibril of 80 × 4 nm (Chawla et al., 2009). Under static 

conditions, as it is the case for kombucha, the result is a cellulosic mat floating at the air/liquid medium 

interface (Iguchi et al., 2000; Czaja et al., 2004). Intensive research was carried out because of the 

remarkable rheological properties of bacterial cellulose, which is purer than plant cellulose and can 

potentially be used as a biocompatible material for health applications (Iguchi et al., 2000; Esa et al., 2014). 

 

It has also been suggested that AAB cellulosic biofilm was the matrix supporting cellular communication, 

as it has been observed with model bacteria (Cooper et al., 2014;  Gullo et al., 2018). Several of those 

putative functions of cellulosic biofilms are suspected to be applicable to kombucha pellicle and to play an 

important role in microbial interaction ( May et al., 2019). The nanocellulose composing these fibrils 

demonstrates great strength and stability while still allowing hydrophilic interactions and biocompatibility, 

making it a great resource for the culture to use.( hu, C., Li, F.,  et al,.2014)A variety of inter and 

intramolecular bonding events join numerous fibrils together into the final, much larger structures known 

as microfibrils; because of the integrity of the microfibrils and the organized, linear nature of cellulose 

bonds, the resulting biofilm can also be referred to as a matrix or mat. (hu, C., Li, F.,et al.,2014) This biofilm 

is a natural defence mechanism for the co-culture, and can withstand extreme conditions such as temperature 

and UV radiation.( hu, C., Li, F., et al 2014) Two additional characteristics of the nanofibril cellulose 

SCOBY—its high purity and crystallinity—are currently a target in biomedical research in the formation of 

biocompatible tissue scaffolds, cardiovascular components such as blood vessels, bone grafts, and 
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connective tissue replacements.( May, A., et al,.2019) The nanocellulose fibrils can also be extracted 

via acid hydrolysis and used in the food packaging, clothing, and wastewater treatment industries. (Yao, et 

al,.2013; hu, C., Li, F., et al,.2014) 

Several studies on the kombucha SCOBY are being carried out to exploit all the possibilities of dealing with 

this cellulose as a suitable raw material in fields like food technology, biomaterial preparation, fashion 

and textile industries, environmental biotechnology, and so on.  

 

Contaminated drinking water kills many children around the world. Filters for removing bacteria, parasites, 

and viruses are commercially available, but these filters eventually become clogged, making it impossible 

to filter water. Therefore, there is an urgent need to develop a filter that prevents the adhesion of oil, clay, 

minerals, and bacteria that cause clogging. And as a method to prevent the 'growth of bacteria' that causes 

clogging, a filter using SCOBY was devised by scientists. Comparing SCOBY filters with commercially 

available filters, both filters became clogged over time. However, the SCOBY filter used in the experiment 

recorded 19-40% better performance than the commercially available filter. In addition, SCOBY's filter is 

resistant to dirt, and although it eventually clogged, the number of bacteria that propagated was less than 

that of commercially available filters. Experiments by researchers at Montana Technological University 

(MTU) and Arizona State University (ASU) showed that membranes grown from kombucha cultures were 

better at preventing the formation of biofilms—a significant challenge in water filtration—than current 

commercial membranes. 

 

Future work in the area of scoby biofilm as biofilter could focus on increasing the permeability, improving 

their efficiency, and broadening their applications as ultrafiltration membranes. Thus, the use of a kombucha 

SCOBY as biofilter is an interesting development in the area of water treatment membrane fabrication. 

Scoby can be grown without harmful solvents in a low-tech environment, potentially bringing accessible 

water treatment to anyone, anywhere. 
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