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Summary 

Kombucha tea is a beverage resulting from fermentation of sweetened tea with a 

symbiotic consortium of bacteria and yeasts (SCOBY) that has recently become popular as part 

of the functional food movement. This popularity is likely driven by its touted health benefits, 

coupled with the recent scientific movement investigating the role of the microbiome on human 

health. Considering this latest surge in popularity of this beverage it is necessary to compile a 

survey about its real effects and impacts on human health.  

The purpose of this bachelor thesis is to create a literature review of the empirical health 

benefits of kombucha as identified from both in vitro and in vivo studies and human subject 

research. Various studies are compared and compiled to create the most accurate assessment of 

the latest and most relevant research. 

A review of available literal sources showed that there are mostly in vitro conclusions 

or a limited number of in vivo studies conducted mostly on animals regarding the effects of 

kombucha beverages. Available data mostly agree on potential beneficial effects, however, no 

clinical studies prove these conclusions and the extent of mentioned effects on human health. 

Future studies on kombucha beverages should focus on clinical research to fully describe and 

confirm these claims.  

Keywords: Kombucha, Health, Chemical composition, Beneficial property, Toxicity 
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1 Introduction 

Both a drink and a microbial culture originating from the Orient are described as 

kombucha. According to one of the stories, the beneficial effects of kombucha were already 

known around 200 BC. Local doctor used kombucha to treat the digestive tract of the Japanese 

emperor. In fact, the designation of kombucha as a fungus that we know is incorrect, it is a 

symbiotic colony of yeasts and bacteria. Many names are used for kombucha sponge, the most 

commonly used being SCOBY (an acronym for symbiotic culture of bacteria and yeast). This 

summary will go over basic information about kombucha tea, its properties, and preparation. 

Various beneficial properties claimed by different sources will be compared with scientific 

research and will be therefore confirmed or disproved.
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2 Objectives of work 

Kombucha tea, a fermented beverage, has recently become popular as part of the functional 

food movement. This popularity is likely driven by its touted health benefits, coupled with the 

recent scientific movement investigating the role of the microbiome on human health. The 

purpose of this bachelor thesis is to create literature review of empirical health benefits of 

kombucha as identified from human clinical trials.  
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3 Literature survey 

3.1 What is Kombucha 

Kombucha is a traditional beverage of Asian origin obtained by fermenting sweetened 

black or green tea with a symbiotic culture of yeasts and bacteria. It is a moderately sweet, 

carbonated, acidic tea beverage. It is consumed worldwide but is most prevalent historically in 

China, Russia, and Germany. Popular media features have highlighted the beverage and its 

uses, suggesting that Kombucha consumption can have many beneficial effects on human 

health. Commonly listed effects are increasing of the immune response, reduction of blood 

pressure, antioxidant effects, and many more. These supposed health effects have created an 

increased interest in Kombucha tea (Greenwalt, 2000). 

Many beneficial effects on the human body are attributed to kombucha drink, so it is 

often described as a functional food. The main beneficial effects of consumption of a functional 

drink include the support of immunity, supplementation of important vitamins, and protective 

substances. This beverage can be intended not only for drinking but can be used as a compress 

for burns, rashes, but also body, hair, and skincare. The production of kombucha drinks is one 

of the simplest fermentations that can be carried out in the home environment (Tietze, 1996). 

Recently Kombucha beverage becomes increasingly popular in western cultures mainly 

under the functional food movement for its supposed health benefits. Kombucha is thought to 

decrease cholesterol levels, blood pressure, boost metabolism and weight loss, increase vitality 

and improve liver, gastric and immune functions. Most of these effects are based on personal 

testimonies and observations, but there are some indications that the consumption of kombucha 

beverages can be beneficial for our health thanks to detoxification, antioxidizing, energizing, 

and immunity-boosting effects (Laureys, 2020). 

The fermented tea is a product of a microbial colony of yeasts and aerobic bacteria 

which is floating on the surface. In appearance, it resembles mushroom or surface mould, but 

it is actually cellulose material that is produced during the growth of the microbial colony. 

Every batch of kombucha creates a new layer of this film which facilitates conditions necessary 

for the aeration of aerobic microorganisms. These new colonies can be used for subsequent 

batches of the kombucha tea (Greenwalt, 2000). 

Kombucha recipes may vary greatly, due to different traditional methods and 

widespread of the beverage. However, the common method of preparation is to infuse black tea 

leaves in freshly boiled water, then it is sweetened with 50 to 150 g/liter (5 to 15 %) sucrose. 

The tea needs to be sweetened in order to provide nutrients for the growth of the microbial 

colony. Tea leaves are then removed and the beverage is then allowed to cool to room 

temperature. The microbial colony is then added from the previous batch along with some of 

the kombucha (about 100ml). The container is then covered with a clean cotton cloth to allow 

access of oxygen and is incubated for a period of seven to ten days at room temperature. If the 

fermentation process is allowed to continue for more than ten days, the acidity levels can rise 

to high levels, increasing the potential to be harmful to human health. The microbial colony is 
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then removed and the beverage is ready for consumption. The final product comprises of 

organic acids, minerals, tea components, and vitamins. It can be also slightly alcoholic. Final 

taste and appearance are comparable to various ciders (Greenwalt, 2000). 

Leal et al., (2018) summarized kombucha substrate in general as a tea base with added 

sugar which nurtures tea fermenting bacteria and yeasts. Other authors such as Watawana et al., 

(2015) add that it's extremely important to use properly sanitized utensils and work in a clean 

environment to have control over the growth of microorganisms and to prevent unwanted 

contamination. 

3.2 Origin and history 

The exact origin is uncertain, but the first mention of the kombucha fungus or SCOBY 

comes from northeastern China around 220 BC. It was named after the Korean physician 

Komba, who was the first to bring medicinal tea to Japan, which was fermented with this fungus 

to heal Emperor Inkyo, who was suffering from indigestion problems. With the expansion of 

trade routes beyond the Far East, the kombucha gradually spread to Russia and Eastern Europe 

(Arcimovičová, 1998). 

The first traceable record in the history of drinking kombucha drink comes from Russia 

and Ukraine at the end of the 19th century. Later the kombucha spreads across Europe, during 

World War 1, thanks to the war prisoners, it moved to new countries. Until the 1920s, the 

kombucha drink was very popular throughout Germany, where it was used as a traditional home 

remedy for stomach problems, hemorrhoids, and rheumatism. Kombucha culture itself can be 

often referred to by several names, of which it is most often used: SCOBY (symbiotic culture 

of bacteria and yeasts) or kombucha fungus. Polish doctor called Dr. Waldeck has recorded in 

1927 that he was shown the recipe by a polish pharmacist for a Russian home remedy, thus 

recording authentic names of kombucha beverage from that period "miracle mushroom", 

"Volga mushroom" or "Tea-Kvass mushroom" (Tietze, 1996). 

Kombucha later spreads from Asia and Europe worldwide, another notable mention is 

from 1980s and 90s in the United States, where it gained popularity during the epidemic of 

HIV. People believed that it could boost the functions of the compromised immune system. 

Later on, it fell out of favour due to the link of two cases of metabolic acidosis by the Center of 

Disease Control and Prevention.  

The latest re-emergence of Kombucha from the early 21st century is prevalent to this 

day. Greater awareness of probiotics and functional foods elevated this beverage to the newest 

trends of healthy lifestyle culture and many manufacturers started to produce this product or 

many various home brewing kits (Petruzzello, 2017). 

 



10 

3.3 Tea 

Tea is made mainly green or black, with black tea representing approximately 80% of all 

tea products. The composition and properties of tea are very good explored, making it a suitable 

starting point for understanding the potential of kombucha. By choosing the tea used, we can 

influence the taste of the resulting drink or increase its favourable effects on our body. Black 

tea is considered a classic kombucha drink with kombucha culture and refined sugar (Tazzini, 

2014). 

Tea is made from the leafy perennial crop Camellia sinensis and according to processing 

different varieties of tea are created. For the production of black tea, leaves are crushed and 

exposed to conditions with high humidity, which leads to enzymatic oxidation. Green tea is 

produced by steaming the leaves which inactivate enzymes present which prevents 

fermentation. Oolong tea is made from partially fermented tea leaves which are left to wilt 

under sunlight (Martínez Leal, 2018). 

AL-Kalifawi (2014) investigated bacterial cellulose film yields in the tea broth using 

different concentrations of black tea and sucrose and found out that both of these factors greatly 

affect cellulose production. He achieved the highest yield at tea concentration of 10g/L and 

sucrose concentration of 100g/L. 

Kallel, et. al. (2012) compared green and black tea, which both showed similar profiles 

for kombucha fermentation, but also described specific biochemical behaviours in different tea 

substrates. In this experiment, carbon sources in black tea were consumed at a faster rate, 

biochemical changes were faster and the contents of cellulose, acetic acid, phenolic substances, 

ethanol, caffeine, and protein levels were higher when compared to green tea substrate.  

3.4 Microorganisms in SCOBY 

SCOBY refers to a symbiotic culture of bacteria and yeasts. It is a three-dimensional 

zoogleal mat that consists of osmophilic yeast species in symbiotic relation with acetic acid 

bacteria. It resembles surface mould with a structure like jelly and it is essentially cellulose 

biofilm that floats on the kombucha medium is created predominantly by bacteria Acetobacter 

and Gluconobacter species. According to recent taxonomical studies, specie of acetic acid 

bacteria found in SCOBY, were reclassified into new genera Komagateibacter (Liu 2018). 

Many bacteria and yeast species are present in this mat and all are part of the microbial culture 

that is responsible for kombucha fermentation (Laavanya, 2021). 

3.4.1 Yeasts 

Yeasts present in kombucha beverage are mainly responsible for ethanol fermentation, 

which will be described later in text.  

Watawana (2016) regards Zygosaccharomyces as a predominant yeast species with an 

84.1% relative percentage of representation in SCOBY. Jayabalan, et. al. (2014) reported a huge 

variety of yeast species present in kombucha beverages that include mainly Saccharomyces, 
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Saccharomycodes, Torulospora, Schizosaccharomyces, Candida, Koleckera, and 

Zygosaccharomyces. 

Teoh (2019) conducted research to identify yeast cultures in different samples of kombucha 

beverage and obtained 163 yeast isolates in their samples. They tested 9 isolates from each 

colony and properly identified only Schizosaccharomyces pombe species using the Biolog 

identification system. Predominant culture in three of their four samples 

was Zygosaccharomyces bailii,, second most commonly found species in two of their four 

fermentation samples were Torulaspora delbrueckii and Rhodotorula mucilaginosa. 

This study proved that there is no single species of yeasts associated with every kombucha 

culture universally. The most common isolates found were acid-producing, fermentative, and 

osmotolerant species. All of the species they found exhibited characteristics needed in 

kombucha fermentation. The only exception was the species Rhodotorula mucilaginosa, which 

has not been previously reported to be associated with kombucha fermentation. This species 

has been described as a common yeast contaminant in both beverages and food that occurs 

frequently and naturally in the atmosphere. The study also probed that the microbial ecology of 

kombucha liquor is similar to that of the pellicle present (Teoh, 2019). 

3.4.2 Bacteria 

Bacteria present in kombucha beverage are mainly responsible for acetic acid fermentation 

and lactic acid fermentation, which will be described later in text.  

 

Torán-Pereg (2021) found out that the three main phyla of bacteria identified during his 

research are Proteobacteria and Actinobacteria. Proteobacteria were the most abundant species 

found in the pellicle made of cellulose floating in the tea. It accounted for 95% of the total 

population. He also identified within these phylum microorganisms that belong to 

the Acetobacteraceae family that include genera 

Gluconobacter, Acetobacter, and Komagataeibacter.  and reported that the most dominant 

species is Komagataeibacter xylinus in the bacterial community, thus making it the main 

producer of bacterial cellulose in kombucha. The results obtained were in correspondence with 

the bibliography published by Marsh, et. al (2014), although he refers to the same bacteria 

species as the Gluconobacter family instead. This difference can be explained by changes in 

nomenclature through the years for example Liu (2018) uses both names, though favouring 

Komagataeibacter as the newer term. 

The other two bacteria isolated by Torán-Pereg (2021) were Bacillus 

licheniformis and Microbacterium sp. Those are reported to be atypical in kombucha, but they 

have been described previously in the Kombucha consortium. The sample analysed was largely 

dominated by Komagataeibacter bacteria genus. Representation of other bacteria was 

significantly lower, but they still play role in the properties of the final product. These atypical 

findings of showing different representations of microorganism present, can be explained by 

article from Jayabalan, et. al. (2014), where it is states that the exact microbial composition of 
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kombucha beverages is not well defined, because it varies on many aspects such as its origin, 

variables in substrates and production conditions.  

Laureys, et. al. (2020) states that AAB are the most characteristic microorganisms found 

in kombucha fermentation. Genera found in kombucha are Acetobacter, Gluconacetobacter, 

Komagataeibacter, and Gluconobacter. The most important and characteristic microorganism 

in kombucha beverages Komagataeibacter xylinus as it is thought to be responsible for forming 

of the cellulose pellicle. This can be also supported by the interpretation of Gomes, et. al (2018), 

which states that Komagataeibacter accumulates up to 20% of acetic acid present in the 

medium. Other species for example Acetobacter accumulate a maximum of 8% acetic acid. 

Jayabalan, et. al. (2016) states that predominant AAB found in kombucha are Acetobacter 

xylinum, Acetobacter pasteurianus, Acetobacter aceti, and Gluconobacter oxydans. 

Marsh, et. al. (2014) during the analysis of multiple kombucha samples established that 

lactic acid bacteria (LAB) such as Lactobacillus and Lactococcus are present in SCOBY 

pellicle at considerable amounts. His research suggests that LAB are more represented in the 

kombucha colonies than previously understood. His data suggest that lactobacilli are especially 

prevalent at later stages of fermentation. One of the pellicles shown in his research (IRE) stood 

out with around 30% LAB representation in the pellicle. He also suggests that these species 

might be able to help with the growth of some AAB species, as Lactobacillus have been shown 

to increase the growth of Gluconacetobacter, and together in co-culture with they have been 

shown to considerably increase production of cellulose in the pellicle. Table 1 shows results of 

his analysis on multiple samples of kombucha beverage. 
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Table 1: Bacterial genera present in different kombucha pellicles, relative abundances of 

the 16S bacterial genera at day 3, day 10 and in the pellicle (Marsh et al. 2014). 

 

  Ca1 Ca2 Ire UK US 

Day 3      

Acetobacter  0.86 0 0.43 0 0 

Gluconacetobacter 86.91 97.79 93.09 98.14 95.73 

Lactobacillus 3.93 1.13 3.57 1.77 1.77 

Lactococcus 1.56 0 1.77 0 0 

Leuconostoc 0.52 0 0 0 0 

Bifidobacterium 0.30 0 0 0 0 

Thermus 0.22 0 0.20 0 0 

Allobaculum 0 0 0 0 0.88 

Ruminococcaceae Inartae Sedis 0 0 0 0 0.19 

Propionibacterium 0 0 0.20 0 0 

Other 5.75 0.58 0.75 0.30 1.42 

Day 10      

Acetobacter  0 0 0.19 0 0 

Gluconacetobacter 92.17 93.16 87.62 94.26 95.73 

Lactobacillus 5.96 6.17 9.59 1.44 3.47 

Lactococcus 0 0.23 0.19 0 0.18 

Leuconostoc 0 0 0 0 0 

Bifidobacterium 0 0 0 0 0 

Thermus 0.66 0 1.62 3.73 0 

Allobaculum 0 0 0 0 0 

Ruminococcaceae Inartae Sedis 0 0 0 0 0 

Other 1.22 0.45 0.79 0.58 0.61 

Pellicle      

Acetobacter  0 0 1.93 0.28 0 

Gluconacetobacter 99.77 95.73 58.02 92.97 99.82 

Lactobacillus 0 1.72 30.57 4.64 0 

Lactococcus 0 1.29 7.76 1.62 0 

Leuconostoc 0 0 0 0 0 

Bifidobacterium 0 0 0 0 0 

Thermus 0 0 0 0 0 

Allobaculum 0 0 0 0 0 

Ruminococcaceae Inartae Sedis 0 0 0.69 0.21 0 

Propionibacterium 0 0 0.38 0 0 

Other 0.23 1.26 0.66 0.28 0.18 
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3.5 Fermentation 

Fermentation is a process of conversion of organic substances (most often carbohydrates), 

in which the participation of microorganisms and their enzymes produces substances that are 

less energy intensive. By fermentation, microorganisms gain energy similarly to respiration; 

fermentation is easier, but also less effective than breathing. In kombucha beverages most 

important fermentation processes are ethanol fermentation followed by acetic acid 

fermentation. Lactic acid fermentation also takes place due to presence of lactic acid bacteria, 

but it is not as important as the former two (Kaiser, 2021). 

3.5.1 Acetic Acid Fermentation 

Acetic acid fermentation is a process conducted by Acetic acid bacteria (AAB) which 

belong to the Acetobacteraceae family. They are highly capable of producing vinegar as a 

byproduct due to their high ability of oxidizing ethanol into acetic acid. They are also highly 

resistant to acid conditions caused by acetic acid in fermentation medium growing well below 

pH 5.0, although the pH optimum for growth is 5-6.5  

 

Figure 1: The formation of acetic acid from ethanol by AAB (Hutkins, 2006). 

AAB are strict aerobes with a high capacity to oxidize alcohols, sugars, aldehydes in the 

presence of oxygen. AAB species occurrence depends entirely on the concentration of acetic 

acid during acetification. These species are also described as demanding, requiring high 
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amounts of nutrition, therefore they are difficult to isolate and cultivate on artificial medium, 

such as fermented beverages.  Products of lactic acid fermentation include vinegar, kombucha, 

gluconic acid, sorbose, and ascorbic acid, bacterial cellulose (Gomes, 2018). 

3.5.2 Ethanol fermentation 

The basic stoichiometry of alcoholic fermentation is given by the Guy - Lussac equation: 

C2H12O6→ 2C2H5OH + 2CO2 

Alcoholic fermentation is the most important fermentation process. It is a complex 

biochemical process during which yeasts, some bacteria, or microorganisms gradually 

decompose carbohydrates into ethanol, carbon dioxide, and other metabolic products while 

releasing energy in the form of heat. It is a process called glycolysis, which takes place mainly 

anaerobically - without air access, although slight aeration of the fermentation medium at the 

beginning of the fermentation is favourable for the increase in the number of cells and their 

fermentation activity. During glycolysis, the six-carbon glucose molecule is split into two, 

three-carbon molecules of pyruvate, 2NADH + 2H+, and 2 units of ATP as a result of substrate-

level phosphorylation. Alcoholic fermentation is the basis for manufacturing various alcoholic 

beverages such as wine and beer (Kaiser, 2021). 

Yeasts present in kombucha culture are the main producers of ethanol. Thanks to yeasts 

sucrose is hydrolyzed into glucose and fructose and through glycolysis they produce ethanol, 

preferring to use fructose as a substrate. AAB subsequently uses remaining glucose to form 

gluconic acid and ethanol to create acetic acid. The pH of the whole medium decreases with 

fermentation time, as more organic acids are created (Dufresne and Farnworth, 2000). 
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Figure 2: Ethanol fermentation – enzymatic steps on Saccharomyces cerevisiae 

 (Faria-Oliveira, 2013). 

3.5.3 Lactic acid fermentation 

Lactic acid fermentation is a process where bacteria convert carbohydrates into lactic 

acid. Bacteria involved in lactic acid fermentation can be divided into two groups. 

Homofermentative – which create as their product almost solely lactic acid (90%) or 

heterofermentative, which covert fermented carbohydrate into lactic acid (50%), acetic acid, 

carbon dioxide, and sometimes when certain conditions are met even ethanol.  

In traditional kombucha beverage the lactic acid is not one of the most characteristic 

compounds, but it is detected in small amounts. Lactic acid presence in kombucha is usually 

attributed to lactic acid bacteria present synthesizing ethanol or acetic acid (Jaylaban 2014; 

Dufrense 2000). 

Malbaša et al., (2008) did an experiment, where they compared products of kombucha 

fermentation on different types of molasses and sucrose. Molasses they used were from sugar 

beet and were used to demonstrate the effectiveness of low-cost carbon sources on kombucha 

fermentation of black tea. The contents of lactic acid were related to the high quantities of invert 

sugars, amino nitrogen, and biotin present in the molasses. In her research, she obtained 

products rich in lactic acid when she used molasses as a substrate in comparison to sucrose.   
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Figure 3: Metabolism of lactic acid bacteria (Reddy, 2008). 

Nguyen, et. al. (2015) found out that lactic acid is more present in kombucha made from 

green tea medium when compared to black tea. He also conducted research, where he added 

supplements of LAB to kombucha beverages to enhance its biological activities. Namely 

glucuronic acid production, antioxidant and probiotic activity. His results showed promise that 

both glucuronic acid production and probiotic activity can be influenced positively, however, 

more evidence needs to be found. 

3.6 Fermentation processes during Kombucha preparation 

The fermentation process could be divided into two parts. Once the tea, preferably black 

(green can be also used) is prepared and sweetened by white sugar, it is then let to cool to a 

degree of 32 °C minimum. This is done in order not to destroy microorganisms in the colony. 

Then the bacterial culture is added to the surface of the solution which serves as a substrate. 

The solution is also acidified by the addition of vinegar or already prepared Kombucha from 

previous batches. The optimum temperature for the growth of acetic acid bacteria and yeasts is 

present in kombucha is between 25- 32 °C. A sufficient amount of oxygen must be present for 

the growing bacteria for primary fermentation to take place. Subsequently, the culture is 

allowed to incubate from 1 to 8 weeks at room temperature. The container with tea needs to be 
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covered with a clean cloth and fastened properly to avoid contamination by other undesirable 

microorganisms and deny access of various organisms such as fruit flies.  

The primary fermentation process begins when acetobacteria create a cellulose network 

floating on the surface, which enhances interactions between bacteria and yeasts. Caffeine in 

the tea also stimulates cellulose synthesis by bacteria. Yeast cells then convert sucrose into 

glucose and fructose and produce ethanol. Acetic acid bacteria then convert ethanol, fructose 

into acetic acid, and glucose into gluconic acid. The longer this process continues the more 

acidic and less sugary beverage becomes due to rising levels of acids in the medium. Low pH 

allows the growth of only those microorganisms that can withstand acidic conditions, thus 

providing some protection against invasive contaminants. The primary phase of fermentation 

ends when the microbial culture gets removed from the container.  

The secondary part of fermentation occurs when the beverage gets bottled. The usual 

process consists of filtration through a cloth and subsequent bottling. This process does not 

remove all microorganisms from the beverage and therefore they continue the fermentation in 

this closed system. Microorganisms produce carbon dioxide which cannot leave the closed 

bottle in the same way as it does during the primary fermentation phase. A consequence of this 

process is the saturation of beverages and a possible increase in pH. Residual microorganisms 

also continue their metabolic processes consuming sugar and converting it into lactic, acetic, 

gluconic acids, ethanol, and carbon dioxide. The resulting beverage can therefore get even less 

sweet, more sparkly, and possibly more alcoholic. This process can be inhibited by placing the 

beverage into cold conditions, which inhibits the metabolic processes of microbial organisms 

(Teoh, 2004; Chi Phung, 2015; Tazzini, 2014). 

3.7 Factors Influencing Kombucha Fermentation 

Fermentation is a complex process influenced by many factors throughout production. 

Composition of the medium, the temperature throughout all the stages, pH, amounts of oxygen 

available, and the supply of precursors for the various reactions to happen. Composition of tea 

fungus itself. Any combination of these factors will affect the final product. These factors 

collectively coincide and together, account for composition differences. Any change would 

therefore affect biological activities (Villarreal-Soto, 2018). 

3.7.1 Substrate 

Usually, black or green tea is used, but different substrates can be used as well. For 

example, Ayed et al. (2016) created a kombucha beverage from grape juice, which altered both 

functional properties and look of the beverage, while simultaneously greatly reduced 

fermentation time to only 6 days. Watawana et. al. (2015) used as substrate coconut water, 

which affected all biological activities present. 

Regardless of medium used, other properties of the substrate such as sugar concentration 

greatly alter fermentation processes due to them being one of the basic requirements for the 

fermentation to happen (Villarreal-Soto, 2018). 
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3.7.2 Time 

The time needed for kombucha tea fermentation usually ranges from 7 to 60 days. Best 

results were obtained in 2 weeks on average. Antioxidant activities increase over incubation 

time, however organic acid concentration increases as well. Enabling them to reach levels that 

are potentially harmless upon direct consumption. CO2 generated over longer fermentation can 

be accumulated between broth and biofilm, potentially blocking the transfer of nutrients. 

Fermentation time is usually selected upon sensory inspection. Fermentation ranging from 6-

10 days produces refreshing fruit-like beverage, while longer fermented beverage has vinegar 

taste due to accumulation of acids (Villarreal-Soto, 2018). 

Zofia, et al. (2020) used kombucha culture in conjunction with green coffee medium to 

find out whether fermentation time can alter antioxidant and anti-aging properties of green 

coffee. Original green coffee extract and ferments after addition of SCOBY culture were 

evaluated for antioxidant activity, cytotoxicity, and their composition was assessed. Results of 

this research showed that coffee extract after longer fermentation on day 28 had the highest 

antioxidant activity, while shorter fermentation on day 7 had negative properties on the 

analyzed ferments. This research further indicates that time is an important factor in kombucha 

preparation.  

3.7.3 Temperature 

Best enzyme activity and microbial growth is acquired if the optimum temperature 

during fermentation is met. In general, the optimum temperature ranges between 22-30 °C for 

kombucha fermentation. Antioxidant activity can be also influenced by temperature changes 

(Villarreal-Soto, 2018). 

De Filippis, et. al. (2018) conducted a duplicate experiment on fermentation under 

different temperatures (20 and 30 °C) in both black and green tea medium monitoring AAB 

specifically. Surprisingly there were no major differences observed in cultivated AAB in both 

media or temperatures used. AAB were more dependent on pH levels. Nevertheless, they 

observed that higher temperatures allowed other sub-dominant species of bacteria to develop. 

Mainly LAB (Lactic acid bacteria) such as Lactobacillus or Streptococcus and contaminants 

such as Acinetobacter or Propionibacterium. Different concentrations of polyphenols were 

also found at those different temperatures, reporting increased concentration in black tea 

medium at 20°C. 

3.7.4 pH 

The pH belongs to the most important parameters in the environment where the 

fermentation takes place because it directly affects microbial growth and antioxidant activity. 

It is affected by acids formed during the process, such as acetic and gluconic acids (Villarreal-

Soto, 2018). 
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3.7.5 Oxygen 

Access of oxygen is one of the imperative factors during fermentation because most of the 

fermentation processes are aerobic. All parts of the process need significant amounts of oxygen. 

For example oxidation of glucose needs 192g of oxygen to oxidize 180g of glucose. Acetic acid 

bacteria are strict aerobes, as they need one mole of oxygen to oxidize ethanol into acetic acid. 

For these reasons, oxygen supply must be maintained from the air into the broth. The supply 

rate of oxygen must be sufficient to satisfy the demands of all microorganisms present 

(Villarreal-Soto, 2018).  

Lee, et.al (2014) published that maximum bacterial cellulose production occurs at 10% 

oxygen saturation in the medium, higher values result in gluconic acid production and lower 

inhibit cell growth. 

3.8 Chemical composition 

The chemical composition of kombucha is affected by several factors. The essential being 

fermentation time, type of tea and amount of sugar concentration used as a substrate medium, 

used temperature. All these factors can affect metabolites, their composition, and concentration. 

The fermentation process and its conditions should be controlled to get the best final product 

(Mousavi, 2020). 

3.8.1 Organic Acids 

The presence of organic acids in kombucha depends on the type of tea used. Organic acids 

change during fermentation depending on the use of black or green tea. Some of these acids in 

beverages have been shown to have antimicrobial activity and can even improve sleep 

(Jayabalan, 2007).  

A study conducted by Jayabalan (2007) proved that the production of organic acids varies 

with time for example acetic acid increased its concentration to a maximum of 9.5g/l on the 

15th day of fermentation and decreased slightly afterward. Another major metabolite was 

Glucuronic acid reaching a maximum of 2.3 g/l on the 12th day of fermentation. The 

concentration of other acids such as lactic and citric was very low and show during the early 

stages of fermentation. Both green and black tea was proven to be the best suitable substrate 

for acetic and gluconic acid production respectively by kombucha culture.   

3.8.1.1 Acetic acid 

It is a chemical compound responsible for the sour taste and traditional vinegar odour. 

Acetic acid tends to rise up to 11 g / l in a kombucha drink at 30th-day fermentation, then 

gradually decreases to 8 g / l at the 60th day of fermentation. Reduction of the content of acetic 

acid in the beverage is caused by its later usage when bacteria use it as a carbon source. The 

concentration of acetic acid in the drink can be influenced by the type of sugar used, for 

example, production, when sugar molasses is used, is much lower (Jayabalan, 2007). 
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3.8.1.2 Lactic acid 

Lactic acid is one of the most commonly used acids in food, where it occurs either naturally 

or as a fermentation product (cabbage, yogurt, and many others). It is the major metabolic 

intermediate in most living organisms. Lactic acid, which is added to food, is obtained either 

by carbohydrate fermentation or by a chemical process. Both of these processes are very 

competitive with similar production costs (Eş, 2018). 

3.8.1.3 Gluconic acid 

Gluconic acid is organic acid derived by oxidation reaction from glucose. The reaction is 

facilitated either by glucose oxidase (fungi) or glucose hydrogenase (bacteria 

of Gluconobacter family). Gluconic acid has many applications in the food, pharmaceutical, or 

cosmetics industry. Gluconic acid occurs in the form of white crystals or a crystalline powder 

of sweet taste with a slightly acidic aftertaste. It is a sugar acid and very often it occurs in food 

naturally. It can be used as an antioxidant. A substance that prolongs the shelf life of food and 

protects it against spoilage caused by oxidation. Another use as an acidity regulator, a substance 

that changes or maintains the acidity or alkalinity of a food. The substance can be found in 

drinks, syrups, wine, mixtures for the production of sweet dough, in which it works as a baking 

agent (Goldberg, 2009). 

3.8.1.4 Glucuronic acid 

It is formed by a complex biochemical process of glucose oxidation. In a healthy person, 

glucuronic acid is formed in the liver. Its function is to connect with waste products of 

metabolism and foreign substances that enter the body through food, the respiratory tract, and 

through the skin. In this new alliance, it helps to eliminate harmful substances such as 

preservatives, nicotine, and harmful substances from the surrounding environment, such as 

mercury, lead, and benzene, especially in the intestines and urinary tract. A higher supply of 

glucuronic acid has an ideal positive effect, among other things, especially on the body's 

defence mechanism (Tazzini, 2014). 

Glucuronic acid in kombucha is synthesized by invertase of the yeasts hydrolyses into 

glucose and fructose. Bacteria metabolize glucose into gluconic acid, which is later synthesized 

by acetic acid bacteria into glucuronic acid. This process begins as soon as the fermentation 

process in kombucha beverage initiates. Contents of glucuronic acid increase with fermentation 

time (Martínez-Leal, 2020). 

3.8.2 Carbohydrates 

The main function of carbohydrates in Kombucha beverages is to serve as a substrate for yeasts. 

Fructose is reported to be consumed at faster rates, leaving glucose as the main residual 

carbohydrate. Residual amounts of carbohydrates in kombucha beverages vary and decrease 

with longer fermentation time. However, some kombucha beverages are later sweetened to 

improve the sour taste (Laureys, 2020). 
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3.8.3 Enzymes 

Enzymes are molecular active substances (proteins) that activate, accelerate and induce 

chemical metabolic processes, these processes could not work on their own. Each enzyme is 

specialized and performs a specific function. Based on their origin, enzymes are involved in the 

construction of complex bonds, others are involved in structural processes in the human body. 

Simply put, all enzymes are looking to balance all malfunctioning reactions. About 3,000 

enzymes have been found in the human body. (Heßmann-Kosaris, 2002). 

3.8.4 Minerals and vitamins 

Minerals are inorganic substances needed in small amounts for normal bodily functions 

and growth. They occur in negligible concentrations in kombucha drink and are mainly copper, 

iron, cobalt, manganese, nickel, and zinc (Heßmann-Kosaris, 2002). 

Jayabalan, et. al. (2016) states that vitamins C, B1, B2, B6, and B12 are commonly 

found in kombucha beverages. Kombucha beverages are rich in vitamin C content due to the 

production of glucuronic acids by various microorganisms, which then serves as a precursor for 

the biosynthesis of ascorbic acid. Vitamins of the B group are also synthesized by yeast and 

bacteria present in kombucha beverage Nguyen et al., (2015). 

3.8.5 Ethanol 

The ethanol concentration in Kombucha increases with fermentation time, followed by a 

decrease in concentration caused by the action of acetic bacteria using ethanol to form acetic 

acid. Mild alcohol consumption is reported to have a protective effect on the human body 

against free radicals. The amount of 0.5% alcohol in a kombucha beverage is the same as, for 

example, in apple cider. Kombucha is an excellent substitute for drinks with higher alcohol 

content, such as sparkling wine or beer. Except that those who cannot consume alcohol should 

not drink kombucha as well (Heßmann-Kosaris, 2002). 

Talebi, et. al. (2017) did an experiment where he researched several commercially sold 

kombucha beverages using headspace gas chromatography technique for alcohol content. He 

concluded that none of the 18 samples was lower than federal limit 0.5% ABV (alcohol by 

volume), some even exceeded 1.5%. He also emphasizes that kombucha alcohol content 

changes over time, as longer storage times result in further fermentation and therefore increase 

in ethanol content. 

3.8.6 Phenolic substances 

Phenols are the most abundant antioxidants present in the diet. Phenolic substances play 

an important role in the prevention of several diseases related to oxidative stress, such as cancer 

and neurodegenerative diseases. They participate in the activity of various enzymes and cellular 

receptors as a means of defence against oxidative stress caused by reactive oxygen species. The 

polyphenols and flavonoids present in tea are responsible for its antioxidant properties. During 

the fermentation of kombucha, the total content of polyphenols and flavonoids increases. This 

increase may result in the degradation of complex tea polyphenols and flavonoids to smaller 
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molecules by some enzymes released from the microorganisms found in the microbial culture. 

Such transformations are possible thanks to microorganisms that can degrade various 

polyphenols. The resulting fermented kombucha drink has a higher reductive power compared 

to a classic tea (Jayabalan, 2007; Chakravorty, 2016). 

In tea leaves, they form a significant group of substances containing approximately 122 

species of tannins. The tannins themselves are subject to structural changes and the practical 

mastery of these processes forms the basis of the technology of production and final processing 

of tea leaves. The content of tannins is different in different types of tea leaves. Green tea 

contains the most tannins (10 to 27%), while in black tea tannins are represented to a lesser 

extent, from 5 to 12%. Tannins give tea drinks a slightly bitter taste. Two forms of tannins were 

found in the leaves of the tea tree in terms of solubility. Free tannins, extracted with water and 

organic solvents and bound tannins, especially with proteins that are insoluble in water but can 

be extracted using alkaline solutions. The content of bound and free tannins depends on the 

degree of ripeness of the tea tree leaves. As the tea leaves age, the content of monomeric 

phenolic compounds decreases, and the content of tannins increases. When storing tea leaves, 

the tannin content is reduced by 40 to 50% (Augustín, 2001; Jayabalan, 2007). 

The term tannins refer to phenolic compounds that interact with proteins. Tannins are 

divided into two large groups of substances, namely hydrolyzable and condensed tannins. 

Hydrolyzable tannins are polymers of gallic acid esters, abbreviated to catechin. Condensed 

tannins or also flavones are polymers of some flavonoid substances with the structure of  

3-hydroxy-flavone. In practice, tannins occur in any combination of condensed and 

hydrolyzable tannins and are collectively called complex tannins (Cibulka, 2005). 

Catechins and tannins are thought to have a direct effect on the synthesis of aromatics 

present in tea leaves. Tea tannins have a beneficial effect on the digestive tract because they 

can bind and remove harmful substances from the body. They also help with capillary bleeding, 

rheumatic inflammation of the heart's diaphragm, high blood pressure, and scurvy (Augustín, 

2001). 

3.8.7 General composition 

To fully understand the potential benefits or risks of kombucha beverages, we need to 

know their exact composition and properties. However, both composition and metabolite 

concentration is heavily dependent on various factors during preparation. Such factors are for 

example a base medium of the fermentation, concentration of sugar and tea, length of 

fermentation and temperatures used, the exact microbial composition of SCOBY or tea fungus, 

and possible contamination. Nevertheless, Villarreal-Soto described the main metabolites and 

key components of kombucha beverage (Villarreal-Soto, 2018). 

As stated above, the exact composition may vary across different samples of kombucha 

according to different methods during preparation. However, in order to generalize following 

composition of kombucha in Table 2 will be used as a basic reference point unless specified 

otherwise. 
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Table 2: General chemical composition of kombucha published by Villarreal-Soto (2018). 

  

Compound 

 

 

Average  

composition 

Initial 

sucrose 

Fermentation time 

(days) 

Organic acids Acetic acid 5.6 g/L 70 g/L 15 d 

 Acetic acid 8.36 g/L 100 g/L 18 d 

 Acetic acid 11 g/L 100 g/L 30 d 

 Gluconic acid 39 g/L 100 g/L 60 d 

 Glucuronic acid 0.016 g/L 70 g/L 21 d 

 Lactic acid 0.18 g/L 100 g/L 18 d 

     

Vitamins Vitamin B1 0.74 mg/mL 70 g/L 15 d 

 Vitamin B2 8 mg/100 mL 70 g/L 10 d 

 Vitamin B6 0.52 mg/mL 70 g/L 15 d 

 Vitamin B12 0.84 mg/mL 70 g/L 15 d 

 Vitamin C 25 mg/mL 70 g/L 10 d 

     

General 

composites Ethanol 5.5 g/L 100 g/L 20 d 

 Proteins 3 mg/mL 100 g/L 12 d 

 

Tea  

Polyphenols 7.8 Mm GAE 100 g/L 15 d 

     

Minerals 

Cu. Fe. Mn. Ni. 

Zn 0.1 to 0.4 μg/mL 70 g/L 15 d 

     

Anions 

F−. CI−. Br −. I− 

NO3
−. HPO4

−. 

SO4
− 0.04 to 3.20 mg/g 100 g/L 7 d 

        

 

This part of the thesis will focus on various properties attributed to Kombucha beverage 

by various sources ranging from popular websites to promo materials, explaining what this 

supposed effect is and then compared with scientific research to either prove or disprove its 

claim.  
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3.9 Empirical evidence of kombucha effects on human health 

3.9.1 Antioxidative effect of Kombucha beverage 

Many online articles suggest that kombucha has a strong antioxidative effect, especially 

thanks to having high polyphenol and vitamin contents. They often attribute the ability to reduce 

liver toxicity to kombucha and polyphenols it contains example being Leech (2018) on web 

Healthline. Other authors such as Metrus (2021) on web Byrdie which focuses on health and 

dietary advice often extrapolate various health benefits from specific general properties of 

various components found in kombucha beverage.  

Halliwell (2009) defined antioxidant as any substance that significantly delays or 

prevents the oxidizable substrate from oxidation when present at low concentrations. The term 

“oxidizable substrate” refers in his interpretation to almost everything found in living cells 

ranging from DNA, carbohydrates, lipids, and proteins.  

In the human body, various chemical processes and metabolic reactions form free 

radicals, including reactive oxygen species (ROS). Free radicals are able to react with and 

modify molecules such as lipids, proteins, and DNA, therefore influencing their properties and 

ability to function normally. This process is called oxidative damage. The human body has a 

complex system of antioxidant protection, that prevents the formation of ROS and terminates 

reactions with biological substrates initiated by them. Antioxidants present in the diet include 

vitamins (such as E, C), carotenoids, some minerals which are key components of antioxidant 

enzymes. Studies proved that many antioxidants serve in specific conditions as “pro-oxidants”, 

these conditions being for example their high concentrations or presence of transition metals 

(Stanner, 2013). Kaewkod (2019) found out in his research that displayed antioxidant activity 

against DPPH radicals (stable nitrogen centered free radicals). 

 Some plant components like polyphenols have antioxidative potential. However, there 

have been strong discussions whether they are in vivo present at sufficient amounts to influence 

antioxidative processes in the human body. Some studies have shown that polyphenols do not 

appear in high enough concentrations in the bloodstream to significantly alter the total 

antioxidant capacity of the human body. Stanner also estimated that 90-95% of polyphenols 

undergo molecular changes after ingestion, changing radically their biological activities. It is 

suggested that polyphenols can have an indirect antioxidative effect, however, there is a lack of 

concise evidence to prove otherwise (Stanner, 2013).  

Cao et. al. (1996) experimented on the antioxidant capacity of vegetables and tea using 

the ORAC assay method. However, an experiment on green tea showed that in presence of Cu2+ 

(which can be present in kombucha beverages), negative ORACCu meaning that prooxidant 

activity was initiated. That did not occur during other experiments on vegetables. Further 

research on this matter needs to be concluded before the definitive interaction in kombucha 

beverages is assessed. 

One of the most important aspects is the bioavailability of flavonoids from tea. Their 

absorption, distribution, and metabolism in the living organism are essential to assess their 
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impact on the organism. Pure flavanols are not easily absorbed by humans, but their glycosides 

can be absorbed in the small intestine thanks to the active glucose transport present. Catechins 

and their products from black tea can be absorbed easily by humans and are also metabolized 

well (Hollman, 1997). 

Srihari (2013) states that the presence of complex phenolic compounds in an acidic 

environment and various enzymes released by bacteria can lead to breaking complex 

compounds into smaller molecules which leads to an overall higher count of phenolic 

compounds in kombucha beverages. This is supported by Jayabalan (2014) who attributes the 

antioxidant activity of kombucha to the presence of tea polyphenols, ascorbic acid, and D‐

saccharic acid‐1,4‐lactone. He states that kombucha has in vitro higher antioxidant activity than 

regular unfermented teas because yeasts and bacteria during fermentation produce structurally 

modified tea polyphenols and components with lower molecular weight. 

Liu (2018) states on the bioavailability of phenolic compounds in black tea that abundant 

compounds are theaflavin and theasinensin and their derivatives. Given the complex structures 

of oxidized black tea phenolics, their bioavailability is quite limited. He also states that 

monomeric flavan-3-ols are the main phenolic compounds in green tea whereas black tea 

usually oxidized dimeric and oligomeric flavan-3-ols mostly present. Their bioavailability is 

also low, however, they are converted by the gut microbiota into low-molecular-weight 

metabolites, which are much easier for the human body to absorb. The most apparent outcomes 

of beneficial phenolic activity are the stimulation of beneficial bacteria such 

as Lactobacillus and inhibition of pathogenic bacteria. This study also states that despite the 

more attention given to green tea over black tea antioxidant health benefits, their overall effects 

are similar with the same low bioavailability. Interaction between tea phenolics and gut 

microbiota needs to be studied more thoroughly to get more evidence on the beneficial effects. 

Bauer-Petrovska (2000) measured vitamin and mineral contents in kombucha beverage 

and established that kombucha beverage has high contents of vitamins B and C. This was 

confirmed by later studies for example Malbaša (2011) who measured high concentrations of 

vitamin C with values reaching almost 30 mg/L on the tenth day of the fermentation, with the 

continual increase on all tested starter cultures and substrates. He also noted a correlation 

between the highest antioxidative properties and high content of vitamin C in series of samples. 

Padayatty (2003) created review of multiple studies focusing on vitamin C and its exact role as 

antioxidant in non-enzymatic reactions and its possible involvement in prevention of human 

disease. He concluded that the only clinically proven function of vitamin C against disease is 

prevention of scurvy. He also states that some evidence suggests that vitamin C is powerful 

antioxidant in vitro, however he found no current clinical studies that support this claim. Njus 

(2020) published an article on the antioxidative properties of vitamin C. He states that vitamin 

C acts primarily as a donor of single hydrogen atoms and that the radical anion 

monodehydroascorbate reacts with radicals. These properties together explain the antioxidant 

capacity of vitamin C, as it makes it a free radical scavenger and terminator of free radical chain 

reactions. He also states that vitamin C can have pro-oxidant effects when it comes in contact 

with ions such as Fe3 Cu2+. 
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Kombucha beverages and their capacity for antioxidative effects are the most studied 

activities in comparison to other biological effects it possesses. Most authors usually attribute 

these effects to phenolic compounds, however, there are no works isolating specific phenols. 

Only statistical parameters can be measured (total phenolic content and antioxidant activity), 

but no “single-molecule” activity can be assumed based on current research. Despite this, 

microbial fermentation can be an efficient process to increase antioxidant activity through the 

conversion of phenols to free phenolics releasing in the process compounds that result in higher 

antioxidative capacity. Most of the research is conducted in vitro and more clinical evidence 

needs to be found (Morales, 2020).  

Fermentation time directly correlates with the free radical scavenging ability of 

kombucha beverages, increasing with the time of fermentation. The extent of this ability is also 

dependant on the type of tea and microbial culture and decides which metabolites will be 

present. Although the time of fermentation increases the antioxidant activities of kombucha, 

prolonged fermentations are not advised due to the accumulation of organic acids which can be 

detrimental for consumption. Metabolic pathways during fermentation are instrumental for the 

identification of metabolites and extracellular enzymes responsible for the free radical 

scavenging abilities of kombucha. Manipulation of metabolic processes may be one of the ways 

to enhance fermentation efficiency and increase the antioxidant potential of kombucha 

beverages (Greenwalt 2000; Jayabalan 2014). 

To summarize, the antioxidative effect of kombucha beverages is mainly due to phenolic 

compounds present in tea. Although the presence and effects of these compounds are proven, 

the limiting factor deciding the actual effect on human health is bioavailability for the human 

organism, which is often poor. Most important factor regarding antioxidant activity is therefore 

the medium (tea/drink/culture) used for preparation of kombucha.The antioxidative effect of 

kombucha is generally agreed upon, although, there is no evidence to what extent it can affect 

human health, as there was no in vivo experiment regarding consumption and antioxidant 

activity in humans.  

3.9.2 Probiotic and prebiotic effect of Kombucha beverage 

Popular articles suggest that kombucha is a source of probiotics due to being a fermented 

beverage and having several probiotic bacteria present (Lewin, 2018). Kleinfield (2020) states 

that yeasts and bacteria from SCOBY can improve digestion, gut health, and immune function.  

Panghal (2018) defines probiotics as live microorganisms that can when introduced in 

adequate quantities grant benefits to health beyond inherent general nutrition. These 

microorganisms promote various functions in human health such as improving lactose 

metabolism, prevention of intestinal diseases, overall immune system boost, synthesis of 

vitamins, counteracting effects of pathogens present in food, and improving digestibility. 

Kozyrovska et al. (2012) states that kombucha beverages are a source of probiotic 

bacteria, yeasts, and prebiotics (microcellulose), which can serve as fuel for the growth of 

helpful bacteria in our gut. She also implies that kombucha provides postbiotics such as short-

chain fatty acids and other metabolites which can boost immunity. She claims that the diversity 
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of symbiotic microorganisms naturally occurring in kombucha beverages is advantageous for 

human health over single strain probiotics or artificial communities of beneficial microbial 

strains. 

Dufresne (2000) states that beneficial health effects of kombucha attributed to its 

probiotic content are also referred to as products that are metabolites released into the broth 

during fermentation by probiotic microorganisms. Mainly the acid composition, for example, 

the detoxification aspect is attributed to glucuronic acid.  

Felix et al. (2016) states that in kombucha beverages can be over 50 different varieties 

of probiotics. Probiotic mixtures usually contain strains of Lactobacillus. Saccharomyces 

cerevisiae can be also present (Kozyrovska, 2012; Watawana 2015). Marsh (2014) 

reported Lactobacillus and Lactococcus to be dominant species in SCOBY pellicles. 

Predominant yeast genera were Zygosaccharomyces.  

Bogdan et al. (2018) isolated five strains of LAB in the kombucha consortium to prove 

their probiotic potential. All isolates were gram-positive bacteria with a coco-bacillar shape 

belonging to the lactobacilli group. 99% of bacteria present were identified as strains 

of Pediococcus pentosaceus. The isolates were later tested for bile salts tolerance and three of 

the five strains isolated showed to be tolerant to high concentrations of bile salts. He then 

proposed that bacteria strains producing bacteriocin and showing the ability to tolerate high bile 

salts concentrations may be potential probiotics to be used in the production of functional foods. 

These findings are in agreement with statements of Kozyrovska (2012), who describes 

interactions with human health (catabolism of cholesterol, promotion of various gut biological 

processes, etc.) and overall promotion of gut microbiome.  

Many studies proved the healing effect, prophylactic properties, and the health benefit 

of LAB present in kombucha beverages as probiotics. Especially people working in unhealthy 

environments such as miners, submarine workers, etc. can use kombucha beverages to provide 

necessary nutrition to promote health and wellness (Kozyrovska, 2012; Watawana 2015).  

It has also been proven to a certain extent that kombucha can positively affect 

gastrointestinal microbiota in the human gut by affecting the balance of microbiota and 

therefore influencing the ability to normalize intestinal activities. LAB recognized as probiotics 

have proven properties on human health. Most of the studies aimed specifically on kombucha  

beverage consumption were done in vitro, however, some done in vivo on rats, mice, etc. by 

feeding them kombucha suggest several positive effects such as immunological, intestinal, 

urogenital, and cardiovascular (Sengun, 2020). 

It is proven that LAB and yeast regarded as probiotics are present in kombucha. Although 

kombucha shows promise as a probiotic beverage due to the high contents of bacteria and their 

metabolites, the extent of these effects on humans has not yet been defined in scientific study. 

It should be also noted that some of the kombucha beverages available on the market are 

pasteurized, which would entirely negate any probiotic bacteria if no supplements are added 
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after pasteurization. However, metabolites of these bacteria such as organic acids are still 

present, and their beneficial effects can be still utilized.  

3.9.3 Antimicrobial effect of kombucha 

It is heavily suggested that kombucha beverages can have antimicrobial properties, health 

advice webs imply that kombucha can kill harmful bacteria. Most of these sources attribute the 

antimicrobial properties to high concentrations of acetic acid (Leech 2018; Metrus 2021; 

Manian, 2021).  

Greenwalt (1998) tested kombucha beverage with acidic contents 33 g/L (7 g/L of acetic 

acid) and it had ability to inhibit bacteria such as Escherichia coli, Staphylococcus aureus, 

Salmonella choleraesuis serotype Typhimurium, Bacillus cereus, Agrobacterium tumefaciens. 

He concluded that these attributes are the consequence of the acetic acid content.  

Battikh et al. (2013) compared the antifungal and antibacterial activity in both green and 

black kombucha beverages. In his research, both versions of kombucha showed antimicrobial 

and antifungal properties when compared to unfermented tea, which showed almost no 

antimicrobial activity except for some target microorganisms. Kombucha in this study showed 

the strongest inhibition of Pseudomonas aeruginosa, epidermidis, Micrococcus luteus, and 

Listeria monocytogenes. Green tea kombucha showed to be effective against all of these 

bacteria, however, black tea kombucha was selective against Listeria monocytogenes and 

Pseudomonas aeruginosa. These properties were strengthened when the medium was further 

acidified with acetic acid. He also found out that the behaviours of the same strains of bacteria 

in black and green tea were different. This observation proved that antibacterial activity in 

kombucha beverages is not exclusively dependent on acetic acid and other organic acids. He 

implies that other biologically active parts of kombucha may show antimicrobial properties, 

such as bacteriocins, proteins, enzymes, and phenolic compounds from tea.  

Rajaei et al. (2021) in his study used kombucha cellulose disc on pathogenic bacteria 

isolated from diabetic foot ulcers. Most frequent and numerous bacteria that he isolated 

were Escherichia coli, Enterobacter cloacae, Citrobacter diversus. He used the agar disk 

diffusion method and found out that the cellulose layer of kombucha was an excellent antibiotic 

against infectious bacteria in the diabetic wound, and therefore concluded that it can be utilized 

in both medical and therapeutic use. 

Shanmugavel et al. (2017) used the kombucha consortium for the biosynthesis of silver 

nanoparticles (AgNPs). He prepared 5 mM of AgNO3 solution and then added the SCOBY 

tissue. The color change from pale yellow to dark brown indicated that kombucha culture 

formed AgNPs, which were later tested for antibacterial activity against Gram-positive bacteria 

(Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli) by using the agar well 

diffusion method and showed to be effective against both. It also showed cytotoxicity towards 

human breast cancer cell lines (MCF-7). 

El-Wakil et al. (2019) explained the antibacterial and absorptive properties of kombucha 

biofilms used in wound dressings that can absorb wound exudates. He infused kombucha 
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cellulose grown in tea extract with coffee powder to explore the capacity of cellulose to load 

antimicrobial properties and then using these bio-composites in treating active wounds. Sharma 

(2020) expanded on this using different bio-extracts of various plants to infuse kombucha 

SCOBY and tested their microbial properties. Both of these studies (Shanmugavel et al. 2017; 

El-Wakil et al. 2019) are trying to better understand the formation and usage of antibacterial 

nanocellulose for medical applications.  

Antimicrobial activity of kombucha beverages is well proven on a wide range of 

microorganisms ranging from yeasts to both Gram-positive and Gram-negative bacteria. Most 

of the studies attribute these properties to low levels of pH and the presence of acetic acid. 

Proteins, enzymes, and catechins which are produced during the fermentation processes can be 

also regarded as key factors in the improvements of antimicrobial activity (Mousavi, 2020). 

Antimicrobial effects of kombucha are almost universally accepted and no relevant 

research disputing these properties of kombucha beverages was found for this review. Many 

studies in recent years focus on kombucha and more specifically SCOBY culture, highlighting 

its implementations in the medical industry. 

3.9.4 Anticancer activity 

Many personal observations and testimonies of kombucha drinkers claim the supposed 

anticancer properties of kombucha beverages based on the study in Russia by the “Russian  

Academy of Sciences in Moscow” in 1951. Using kombucha can effectively balance blood pH 

for cancer patients and supplement L-lactic acid for patients with low concentrations of such 

acid in their connective tissues. Other components such as ascorbic acid, glucuronic, acid lactic 

acid, and polyphenols are capable of diminishing stomach cancer. (Dufresne 2000). 

Jayabalan et al. (2011) fractionated kombucha beverage with chloroform, butanol, and 

ethyl acetate. They studied the anti-invasive and cytotoxic properties of kombucha. This  

research demonstrated the activities of tea polyphenols on the inhibitory growth activities of 

kombucha beverages. The chemopreventive effects of tea polyphenols have been demonstrated 

on various animal models on cancers afflicting lung, colon, skin, mammary glands, and others, 

however, the anticancer activity of kombucha beverage has not been well described. Based on 

the results, it can be extrapolated that the presence of tea polyphenols in kombucha beverages 

is the reason why it can inhibit cancer cells and cause cancer cell apoptosis. This study proved 

that dimethyl-2-(2-hydroxy-2-methoxypropylidene) malonate and vitexin present in ethyl  

acetate part of kombucha beverages shows cytotoxic activities. 

Srihari et al. (2013) studied anticancer activity of kombucha beverages and found out that 

it could be agent in prevention of growth of metastasis in prostate cancer. Kombucha extract in 

this experiment was lyophilized and it significantly decreased survival rate of prostate cancer 

cells. This happened due to regulating of angiogenesis by affecting the expressions of its  

stimulators.  
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Kaewkod et al. (2019) studied different types of tea in kombucha preparation and their 

ability to inhibit colorectal cancer cells. In his study, the kombucha beverages prepared from 

black and green tea showed toxicity on Caco-2 colorectal cancer cells. However toxic activities 

against cancer were attributed to the presence of various organic acids found in the beverage, 

mainly acetic acid. 

Jayabalan et al. (2014) states that anticancer properties of tea polyphenols accepted by most 

researchers the ability to inhibit gene mutation, cancer cell proliferation, apoptosis of cancer 

cells, and termination of metastasis. These properties are mainly associated with kombucha 

beverages mainly to the presence of tea polyphenols and their oxidized products which are 

formed during fermentation. According to Mousavi (2020) can be kombucha regarded as an 

anticancer agent, however, more clinical experiments and investigations should be done to 

prove the significance of kombucha as an anticancer agent. 

The anticancer properties of kombucha are mainly attributed to organic acids and phenolic 

compounds present in kombucha due to the supposed inhibition or apoptosis of cancer cells. 

However, no study proves kombucha as a significant factor in cancer prevention in humans.  

3.9.5 Hepatoprotective effects 

Hepatoprotection is the ability to prevent damage caused to the liver by various toxic 

substances. Various studies showed promising results on animal models and cell lines proving 

that kombucha broth has a hepatoprotective effect against different contaminants from the 

environment which can cause damage to the liver and hepatotoxicity. Several in vivo studies 

listed below showed the capability of kombucha beverages (Mousavi 2020; Jayabalan 2014). 

Murugesan et al. (2009) demonstrated the hepatoprotective effect of kombucha on 

hepatotoxicity caused by carbon tetrachloride (CCl4). He used rats in this experiment and fed 

three different groups with black tea, kombucha, and black tea enriched with enzymes derived 

from tea fungus (laccase and cellulase) respectively. The experiment was conducted over 30 

days and proved the effects of kombucha by reducing the levels of hepatic enzymes in plasma. 

He attributed these effects to the contents of glucuronic acid and polyphenols in kombucha. 

Abshenas et al. (2012) experimented on the protective effects of kombucha on mice 

administered with acetaminophen. Acetaminophen administration negatively affected the 

activities of liver enzymes in mice. Further histopathological evaluation showed that affected 

mice had various liver damage such as severe glycogen storage in hepatocytes, necrosis, cellular 

degeneration, and dilation of veins. On the other hand, the second group of mice administered 

with kombucha had all of these effects significantly reduced. This was attributed to the 

hepatoprotective capability of kombucha to reduce oxidative damage from oxidative stress 

thanks to glucuronic and acetic acid contents. These acids can bond with toxins and therefore 

inducing detoxification processes in the body. The result of this study proved the protective 

effect of kombucha in the treatment of acetaminophen-induced liver toxicity in mice and further 

establishes that the antioxidant property of kombucha makes it viable for the prevention of other 

organ-specific toxic properties related to oxidative stress. 
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Jung et al. (2019) investigated the effects of kombucha beverages on mice with 

nonalcoholic fatty liver disease. Mice were introduced to a special diet for seven weeks to 

establish a deficiency of methionine and choline. Kombucha enhanced intracellular disposal of 

lipids. This study showed that kombucha protects hepatocytes by influencing the metabolism 

of lipids and therefore reducing their toxicity. It also decreased inflammation and fibrosis, 

which assisted in the liver restoration of mice affected with nonalcoholic fatty liver disease.  

Martínez-Leal (2020) reviewed the hepatoprotective effect of kombucha in association 

with glucuronic acid and stated that no further studies associated with this acid are needed as 

the studies concerning its beneficial effect are mostly in agreement. However, no concrete 

evidence suggests that glucuronic acid is the main reason for the hepatoprotective properties of 

kombucha. There is an especial lack of evidence regarding different tea bases of kombucha 

beverage and the efficiency of their respective polyphenolic compounds.  

Most studies agree that glucuronic acid and polyphenols present in kombucha beverages 

have positive properties on reducing liver toxicity due to antioxidative potential. In vivo studies 

on rats and mice show hepatoprotective potential, however, no study testing of these effects 

was conducted on humans. Clinical experiments are needed to prove these effects on human 

subjects.    

3.9.6 Management of diabetes 

Some research and online articles suggest that kombucha beverages exhibit 

hypoglycaemic and antilipidemic properties. Kombucha being functional food is widely used 

as a complementary treatment of type 2 diabetes. Kombucha shows antidiabetic activity through 

bioactive compounds which inhibit α-amylase activity and thus suppress blood glucose levels 

(Dufresne 2000, Jayabalan 2014). 

Aloulou et al. (2012) supplied diabetic rats with kombucha and unfermented black tea 

for 30 days to compare their hypoglycemic and antilipidemic effects. The blood of these rats 

was then collected and measured for various properties. Their pancreases were processed to 

establish lipase and α-amylase activities. Results of this study revealed that kombucha beverage 

was better at suppressing blood glucose levels and at inhibiting α-amylase and lipase activities 

in both plasma and the pancreas. In conclusion, kombucha can be considered as a potential 

supplement for the treatment and prevention of diabetes. 

Zubaidah et al. (2019) compared in vivo antidiabetic ability between snake fruit 

Kombucha, black tea kombucha, and metformin. He orally administered these substances daily 

to three groups of rats respectively over 28 days. He then investigated fasting plasma glucose 

and malondialdehyde levels, lipid profiles, and superoxide dismutase activities in the blood 

plasma. This experiment showed interesting results regarding fasting plasma glucose levels. 

Metformin is an antidiabetic drug that increases liver sensitivity to insulin and increasing 

glucose uptake in the peripheral tissues. Black tea kombucha showed worse performance than 

snake fruit kombucha on decreasing levels of fasting plasma glucose with the latter having 

comparable effects to metformin. These effects were attributed to the high contents of 

antioxidant compounds such as phenolics, tannins, and some organic acids which decrease 
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plasma glucose level through increasing cellular glucose uptake. Antioxidant compounds can 

also inhibit glucose absorption in the small intestine which reduces amounts of glucose that 

enter the bloodstream. Regarding malondialdehyde levels and superoxide dismutase activities, 

both kombucha beverages were either comparable or even better than metformin in body 

oxidation indices. This experiment proved that kombucha-derived beverages can potentially 

substitute metformin as diabetes control agents, although extensive human studies are needed 

to confirm this.  

All reviewed articles showed hypoglycaemic and antilipidemic properties of kombucha 

beverages. It can be extrapolated that consumption of kombucha beverages has great potential 

as complementary substances during diabetes treatment. However, all the in vivo research was 

conducted on either rats or mice. Research on humans and the impact on human health is needed 

to confirm these claims. It should also be noted that kombucha beverages are by no means 

treatment for diabetes. 

3.9.7 Other beneficial effects 

The vast majority of the literature exploring kombucha is concerned with the major 

effects listed in the chapters above. Examined literature sources mention these following effects 

only briefly and they are mostly explored only theoretically, in vitro, or very rarely in vivo on 

rats or mice. Furthermore, there is a severe lack of research to either prove or disprove these 

effects, therefore there is not enough evidence to evaluate their credibility. Also, there are many 

more effects attributed to kombucha, which are often extrapolated from individual components 

of kombucha beverages. Namely tea, vitamins, organic acids, bacteria, etc. These are not 

included, as there is no proof of direct connection to kombucha and its effects.  
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Boost of organism detoxification 

Dufrense (2000) states that there are many beneficial effects of kombucha beverage 

derived from detoxification processes enabled through bacterial acids, enzymes and other 

secondary metabolites produced by various kombucha fermentations. He reported other 

benefits such as blood detoxification, cholesterol level reduction, blood pressure reduction, 

regulation of appetite, and many others.  

Detoxication plays an important role in human health as it cleans the organism and 

promotes essential fat-soluble endobiotic metabolism. This is attributed to glucuronic acid 

contained in kombucha beverages and it is well known detoxicant, as it conjugates metabolites 

toxic to human body and modifies them into better soluble compounds. Utilization of kobucha 

beverages can therefore help prevent tissues from preventing toxins. (Vīna et al., 2014). 

It should be noted that detoxification is continuous process occurring in any organism 

and despite it being listed as an effect of kombucha, tea or many other functional beverages in 

general. However, I have found no studies proving their direct involvement in this process.  

Control of obesity and hypocholesterolemic effects 

Yang et al. (2009) studied hypocholesterolemic effects on mice with high cholesterol 

diets fed for 12 weeks. He compared traditional kombucha beverages and modified kombucha 

(tea broth fermented with single Gluconacetobacter species). Hyper cholesterol diet consisted 

of chow enriched by cholesterol, lard oil, and chocolate. One control group was fed only by 

hyper cholesterol diet, while the other two were fed traditional and modified kombucha 

beverages respectively. Body weights were evaluated each week and food consumption was 

monitored. Animals were sacrificed at the end of the experiment to evaluate the weight of 

organs such as the liver, spleen, and kidney. Initial body weights did not differ among the 

groups however, at the end of the experiment group modified kombucha tea showed reduced 

body growth of 16%, and the group fed with traditional kombucha beverage with a reduction 

of 14,7% body weight. Kombucha-fed mice showed a slight decline in food intake. This 

restriction in food intake correlates with blood cholesterol levels and it is possible that 

kombucha affected cholesterol homeostasis by suppressing food intake.  

Prevention of stomach ulceration  

Banerjee et al. (2010) investigated the healing activity of unfermented black and black 

tea fermented with kombucha culture against stomach ulceration in mice induced with single-

dose indomethacin. The extent of ulcer healing was observed from histological observations. 

Results of this study showed that treatments with black tea affect indomethacin-induced 

stomach ulceration. This activity was augmented with kombucha fermentation. Higher 

phenolics content in kombucha beverages and constituents of organic acids accounted for a 

superior healing effect when compared to black tea. These results establish the potential of 

kombucha beverages as anti-ulcerogenic agents.  
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Mediation of pulmonary diseases 

Pasha et al. (2005) states that chronic pulmonary degenerative diseases often cause of 

lung cancers and different lung infections can be caused by growing intoxication and oxidative 

stress. The study of fermented black tea showed several physiologically active components such 

as significantly increased contents of theophylline. Theophylline is a xanthine derivative that 

causes relaxation of airway muscles. A cup of black tea contains only 0,014 mg of theophylline 

while fermented black tea showed contents of 1,44 mg per cup.  The usual treatment dose varies 

between 0,18-1,0 g per day. Therefore, he concluded that daily fermented black tea 

consumption can help with pulmonary diseases. 

To summarize, these other effects are often mentioned in literature and attributed to 

kombucha beverages, however, for this review I have found only a limited number of studies 

listed above, which focus directly on these mentioned effects in the context of applying 

specifically kombucha. I have also found no clinical studies supporting these claims on humans. 

3.9.8 Adverse effects and toxicity of kombucha beverages 

Most of the reviewed literature in this thesis focuses on the beneficial effects of Kombucha. 

However, if there were any proven adverse effects, they would be detrimental to the human 

health benefit provided by consuming this beverage. Therefore, I have decided to investigate 

and incorporate evidence regarding the negative influence of kombucha in this review.  

Vijayaraghavan et al. (2000) carried out a study on few groups of rats where he fed them 

kombucha beverages for 90 days and monitored weekly various properties such as weight, food 

and water intake, and general behaviour in comparison to normally fed rats. There was no 

significant difference in growth ratio, histological evaluations did not show any signs of toxicity 

and all other evaluations were within clinical limits. The study, therefore, concluded that 

kombucha beverage has no toxic effect. Pauline et. al, (2001) did a similar experiment where 

they fed three groups of rats for 15 days with different doses of kombucha (normal dose, five 

and ten times the dose). Rats were then examined and while estimating biochemical and 

histological parameters no toxicity was revealed. 

There is conflicting evidence regarding the adverse effects and toxicity of kombucha 

beverages. Most studies explore the beneficial effects of kombucha and its components. There 

have not been many reported cases where kombucha beverages showed strong adverse effects, 

however, some individuals were reported by various sources to experience food poisoning, lead 

poisoning, or allergic reactions (Centers for Disease Control and Prevention 1995; Sabouraud 

2009). It needs to be noted that reported cases are often associated with very specific 

circumstances. Such as contamination due to unhygienic conditions during preparation; lead 

poisoning from long-term storage in a lead container; allergic reactions. All of these cases 

involved only a few individuals. No scientific research to date showed substantial evidence to 

confirm the toxicity of kombucha beverages. 
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3.9.9 Fungal biomass of tea fungus and its applications 

In recent years, research regarding SCOBY culture shows promise in various medical and 

industrial applications, which can in the future become the major factors of utilizing kombucha 

consortium for human benefit, therefore, it needs to be mentioned in this assessment.  

.  The biofilm that is formed during kombucha fermentation was traditionally considered 

only as inoculum for later batches of kombucha. The latest research revealed that it can be used 

as valuable material based on different properties of SCOBY in different fields such as food 

supplement, textile and electronic industry, tissue engineering, medical applications, removal 

of metal ions. Many small-scale experiments are being conducted to explore different usages 

and applications of SCOBY (Laavanya, 2021). 

Zhu et al. (2014) experimented on cellulose membranes of kombucha and found out that it 

has interesting applications in the tissue engineering field due to its biocompatibility. These 

membranes are mechanically and biologically stable which is one of the reasons they are 

considered for the preparation of nerve conduits. These conduits were created and then tested 

if they are biocompatible with nerve cells. In an experiment on rats, these conduits were molded 

into the according proportions and implanted into rats. Morphology and function of these cells 

were promising and even after 6 weeks there were no signs of rejection and no hematological 

or histologic negative effects were observed. 
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4 Conclusion 

Various properties, chemical composition, and effects of kombucha beverage were 

reviewed to assess its benefits on human health. Most of the beneficial properties of kombucha 

beverages are attributed to high concentrations of phenolic substances and organic acids. Acetic 

and glucuronic acids are almost universally recognized by most studies as powerful 

antioxidants and inhibitors of undesirable microbial activity. These acids and lactic acid 

bacteria are also the main reasons for probiotic activity attributed to kombucha. 

 

Tea polyphenols and derived phenolic compounds are linked to the vast majority of 

beneficial effects of kombucha beverages, including antioxidative effects, hepatoprotective 

effects, and chemoprotective effects. However, there is not enough concise evidence on the 

bioavailability of tea polyphenols for human organisms because different approaches in 

kombucha preparation such as substrate types, bio composition of SCOBY, and derived 

fermentation processes are direct consequences of metabolite composition of the final 

kombucha beverage. Although, it was proven that fermented tea such as kombucha has higher 

bioavailability when compared to unfermented tea as the fermentation processes and microbiota 

in kombucha modify tea polyphenols making them more easily available for humans.  

 

Most of the available research concerning kombucha is focused on its possible beneficial 

properties and not many adverse effects are proven. Only notable exceptions are related to 

contamination and errors during preparation and only individual cases have been reported. Vast 

majority of reviewed studies is done in vitro. 

 

Available data mostly agree on potential beneficial effects; however, no clinical studies 

prove these conclusions and the extent of mentioned effects on human health. Future studies on 

kombucha beverages should focus on clinical research to fully describe and confirm these 

claims. 



38 

5 References 

Tietze, Harald W., 1996. Kombucha the miracle fungus: The Essential Handbook. 6th 

Edition. Beekman Pub. ISBN ISBN: 1-85860-042-1. 

Greenwalt, C. J., K. H. SteinkrausandR. A. Ledford, 2000. Kombucha, the fermented 

tea: microbiology, composition, and claimed health effects. Journal of Food Protection 

[online]. 63(7), 976-981 [cit. 2021-03-07]. ISSN 0362-028X. Available from: 

doi:10.4315/0362-028X-63.7.976 Cultures, Y., 2021. Kombucha History. [online]  

Petruzzello, Melissa, 2017. Kombucha: fermented beverage [online]. 12 Dec. 2017 [cit. 

2021-03-07]. Available from: https://www.britannica.com/topic/kombucha. Accessed 7 

March 2021.  

Tazzini, Nicola, 2014. Black Tea: benefits and processing of tea leaves [online]. 22 June 

2014 [cit. 2021-02-28]. Available from: https://www.tuscany-

diet.net/2014/06/22/black-tea-definition-processing-polyphenols/ 

Arcimovičová, Jana and Pavel Valíček. Vůně čaje. Benešov: Start, 1998. ISBN 80-

902005-9-1. 

Kaiser, Gary, 2021. Fermentation. Biology LibreTexts [online]. Jan 3, 2021 [cit. 2021-

03-06]. Available from: 

https://bio.libretexts.org/Bookshelves/Microbiology/Book%3A_Microbiology_(Kaiser

)/Unit_7%3A_Microbial_Genetics_and_Microbial_Metabolism/18%3A%20Microbial

%20Metabolism/18.5%3A%20Fermentation  

Görner, Fridrich and Ľubomír Valík, 2004. Aplikovaná mikrobiológia požívatín: 

principy mikrobiológie požívatín, potravinársky významné mikroorganizmy a ich 

skupiny, mikrobiológia potravinárskych výrob, ochorenia mikrobiálneho pôvodu, 

ktorých zárodky sú prenášené požívatinami. Bratislava: Malé centrum, 528 s. ISBN 80-

967064-9-7. 

Gomes RJ, Borges MF, Rosa MF, Castro-Gómez RJH, Spinosa WA. Acetic acid 

bacteria in the food industry: systematics, characteristics and applications. Food 

Technol Biotechnol. 2018;56(2):139-151. doi:10.17113/ftb.56.02.18.5593 

Dufresne, C. and E. Farnworth. Tea, kombucha, and health: a review. Food Research 

International. 2000, 33(6), 409-421. DOI: 10.1016/S0963-9969(00)00067-3. ISSN 

09639969. 

Chi Phung, Alice. Kombucha brewing: the ingredients. Sciende and Food [online]. 

November 3, 2015 [cit. 2021-02-28]. Available from: 

https://scienceandfooducla.wordpress.com/2015/11/03/kombucha-brewing-the-

ingredients/ 

https://www.britannica.com/topic/kombucha.%20Accessed%207%20March%202021
https://www.britannica.com/topic/kombucha.%20Accessed%207%20March%202021
https://bio.libretexts.org/Bookshelves/Microbiology/Book%3A_Microbiology_(Kaiser)/Unit_7%3A_Microbial_Genetics_and_Microbial_Metabolism/18%3A%20Microbial%20Metabolism/18.5%3A%20Fermentation
https://bio.libretexts.org/Bookshelves/Microbiology/Book%3A_Microbiology_(Kaiser)/Unit_7%3A_Microbial_Genetics_and_Microbial_Metabolism/18%3A%20Microbial%20Metabolism/18.5%3A%20Fermentation
https://bio.libretexts.org/Bookshelves/Microbiology/Book%3A_Microbiology_(Kaiser)/Unit_7%3A_Microbial_Genetics_and_Microbial_Metabolism/18%3A%20Microbial%20Metabolism/18.5%3A%20Fermentation
https://scienceandfooducla.wordpress.com/2015/11/03/kombucha-brewing-the-ingredients/
https://scienceandfooducla.wordpress.com/2015/11/03/kombucha-brewing-the-ingredients/


39 

Tazzini, Nicola, 2014. Black tea: benefits and processing of tea leaves [online]. 22 June 

2014 [cit. 2021-02-28]. Available from: https://www.tuscany-

diet.net/2014/06/22/black-tea-definition-processing-polyphenols/ 

Teoh, Ai Leng, Gillian Heard and Julian Cox, 2004. Yeast ecology of kombucha 

fermentation. International Journal of Food Microbiology [online]. 95(2), 119-126 [cit. 

2021-03-10]. ISSN 01681605. Available from: doi:10.1016/j.ijfoodmicro.2003.12.020  

Torán-Pereg, Paula, Blanca Del Noval, Susana Valenzuela, Josefina Martinez, Diego 

Prado, Ramón Perisé and Juan Carlos Arboleya, 2021. Microbiological and sensory 

characterization of kombucha SCOBY for culinary applications. International Journal 

of Gastronomy and Food Science [online]. 23 [cit. 2021-03-06]. ISSN 1878450X. 

Available from: doi:10.1016/j.ijgfs.2021.100314 

Mousavi, Seyyed Mojtaba, Seyyed Alireza Hashemi, Maryam Zarei, et al., 2020. Recent 

progress in chemical composition, production, and pharmaceutical effects of kombucha 

beverage: a complementary and alternative medicine. Evidence-Based Complementary 

and Alternative Medicine [online]. 2020, 1-14 [cit. 2021-03-06]. ISSN 1741-4288. 

Available from: doi:10.1155/2020/4397543 

Watawana, Mindani I., Nilakshi Jayawardena, Chaminie B. Gunawardhana and 

Viduranga Y. Waisundara, 2015. Health, wellness, and safety aspects of the 

consumption of kombucha. Journal of Chemistry [online]. 2015, 1-11 [cit. 2021-03-06]. 

ISSN 2090-9063. Available from: doi:10.1155/2015/591869 

Jayabalan, R., S. Marimuthu and K. Swaminathan, 2007. Changes in content of organic 

acids and tea polyphenols during kombucha tea fermentation. Food 

Chemistry [online]. 102(1), 392-398 [cit. 2021-03-06]. ISSN 03088146. Available 

from: doi:10.1016/j.foodchem.2006.05.032 

Eş, Ismail, Amin Mousavi Khaneghah, Francisco J. Barba, Jorge A. Saraiva, Anderson 

S. Sant'ana and Seyed Mohammad Bagher Hashemi, 2018. Recent advancements in 

lactic acid production - a review. Food Research International [online]. 107, 763-770 

[cit. 2021-03-06]. ISSN 09639969. Available from: doi:10.1016/j.foodres.2018.01.001 

Goldberg, I. and J.S. Rokem, 2009. Organic and fatty acid production, 

microbial. Encyclopedia of Microbiology [online]. Elsevier, 2009, s. 421-442 [cit. 

2021-03-06]. ISBN 9780123739445. Available from: doi:10.1016/B978-012373944-

5.00156-5 

Hessmann-Kosaris, Anita, 2002. Zázračná kombucha: prastaré léčivé prostředky: 

[energetický nápoj s jemnou léčivou silou]. Přeložil Anděla Kramplová. Olomouc: 

Fontána. ISBN 80-86179-81-8.  

https://www.tuscany-diet.net/2014/06/22/black-tea-definition-processing-polyphenols/
https://www.tuscany-diet.net/2014/06/22/black-tea-definition-processing-polyphenols/


40 

Cibulka, Ladislav, 2005. Oblíbené čajové omyly a nepřesnosti [online]. 16. 8. 2005 [cit. 

2021-03-07]. Available from: https://www.spsch-ul.cz/oblibene-cajove-omyly-a-

nepresnosti/ 

Augustín, Jozef, 2001. Povídání o čaji: čajovníkový list (Camellia Sinensis L.), čaj, jako 

potravinářská pochutina, léčebný, mystický nápoj a jiné tonizující nápoje světa. 205 s. 

Olomouc: Fontána. ISBN 80-86179-75-3. 

Villarreal-Soto, Silvia Alejandra, Sandra Beaufort, Jalloul Bouajila, Jean-Pierre 

Souchard and Patricia Taillandier, 2018. Understanding kombucha tea fermentation: a 

review. Journal of Food Science [online]. 83(3), 580-588 [cit. 2021-03-08]. ISSN 

00221147. Available from: doi:10.1111/1750-3841.14068 

Halliwell, Barry, 2009. How to characterize a biological antioxidant. free radical 

research communications [online]. 9(1), 1-32 [cit. 2021-03-11]. ISSN 8755-0199. 

Available from: doi:10.3109/10715769009148569 

Stanner, S. and E. Weichselbaum, 2013. Antioxidants. encyclopedia of human nutrition 

[online]. Elsevier, 2013, s. 88-99 [cit. 2021-03-11]. ISBN 9780123848857. Available 

from: doi:10.1016/B978-0-12-375083-9.00013-1 

Chakravorty, Somnath, Semantee Bhattacharya, Antonis Chatzinotas, Writachit 

Chakraborty, Debanjana Bhattacharya and Ratan Gachhui, 2016. Kombucha tea 

fermentation: microbial and biochemical dynamics. International Journal of Food 

Microbiology [online]. 220, 63-72 [cit. 2021-03-07]. ISSN 01681605. Available from: 

doi:10.1016/j.ijfoodmicro.2015.12.015 

Khan, Naghma and Hasan Mukhtar, 2007. Tea polyphenols for health promotion. Life 

Sciences [online]. 81(7), 519-533 [cit. 2021-03-11]. ISSN 00243205. Available from: 

doi:10.1016/j.lfs.2007.06.011 

Cao, Guohua, Emin Sofic and Ronald L. Prior, 1996. Antioxidant capacity of tea and 

common vegetables. Journal of Agricultural and Food Chemistry [online]. 44(11), 

3426-3431 [cit. 2021-03-11]. ISSN 0021-8561. Available from: doi:10.1021/jf9602535 

Padayatty, Sebastian J., Arie Katz, Yaohui Wang, et al., 2003. Vitamin C as an 

antioxidant: evaluation of its role in disease prevention. Journal of the American College 

of Nutrition [online]. 22(1), 18-35 [cit. 2021-03-11]. ISSN 0731-5724. Available from: 

doi:10.1080/07315724.2003.10719272 

Njus, David, Patrick M. Kelley, Yi-Jung Tu and H. Bernhard Schlegel, 2020. Ascorbic 

acid: the chemistry underlying its antioxidant properties. Free Radical Biology and 

Medicine [online]. 159, 37-43 [cit. 2021-03-11]. ISSN 08915849. Available from: 

doi:10.1016/j.freeradbiomed.2020.07.013 

https://www.spsch-ul.cz/oblibene-cajove-omyly-a-nepresnosti/
https://www.spsch-ul.cz/oblibene-cajove-omyly-a-nepresnosti/


41 

Morales, Diego, 2020. Biological activities of kombucha beverages: The need of clinical 

evidence. Trends in Food Science & Technology [online]. 105, 323-333 [cit. 2021-03-

11]. ISSN 09242244. Available from: doi:10.1016/j.tifs.2020.09.025 

Leech, Joe, 2018. 8 Evidence-based health benefits of kombucha 

tea. Healthline [online]. [cit. 2021-03-18]. Available from: 

https://www.healthline.com/nutrition/8-benefits-of-kombucha-tea 

Metrus, Lindsey, 2021. What happens to your body when you drink 

kombucha. Byrdie [online]. [cit. 2021-03-18]. Available from: 

https://www.byrdie.com/benefits-of-kombucha 

Reddy, Gopal, Md. Altaf, B.J. Naveena, M. Venkateshwar and E. Vijay Kumar, 2008. 

Amylolytic bacterial lactic acid fermentation — A review. Biotechnology 

Advances [online]. 26(1), 22-34 [cit. 2021-03-18]. ISSN 07349750. Available from: 

doi:10.1016/j.biotechadv.2007.07.004 

Vinegar Fermentation, 2006. Hutkins, Robert W., ed. microbiology and technology of 

fermented foods [online]. Ames, Iowa, USA: Blackwell Publishing, s. 397-417 [cit. 

2021-03-18]. ISBN 9780470277515. Available from: 

doi:10.1002/9780470277515.ch11 

Faria-Oliveira, Fabio, Sonia Puga and Celia Ferreir, 2013. yeast: world’s finest chef. 

Muzzalupo, Innocenzo, ed. Food Industry [online]. InTech, 2013-01-16 [cit. 2021-03-

18]. ISBN 978-953-51-0911-2. Available from: doi:10.5772/53156 

Laureys, David, Scott J. Britton and Jessika De Clippeleer, 2020. Kombucha tea 

fermentation: a review. Journal of the American Society of Brewing 

Chemists [online]. 78(3), 165-174 [cit. 2021-03-25]. ISSN 0361-0470. Available from: 

doi:10.1080/03610470.2020.1734150 

Kallel, Lina, Véronique Desseaux, Moktar Hamdi, Pierre Stocker and El Hassan 

Ajandouz, 2012. Insights into the fermentation biochemistry of kombucha teas and 

potential impacts of kombucha drinking on starch digestion. Food Research 

International [online]. 49(1), 226-232 [cit. 2021-03-25]. ISSN 09639969. Available 

from: doi:10.1016/j.foodres.2012.08.018 

De Filippis, Francesca, Antonio Dario Troise, Paola Vitaglione and Danilo Ercolini, 

2018. Different temperatures select distinctive acetic acid bacteria species and promotes 

organic acids production during Kombucha tea fermentation. Food 

Microbiology [online]. 73, 11-16 [cit. 2021-03-25]. ISSN 07400020. Available from: 

doi:10.1016/j.fm.2018.01.008 

Nguyen, Nguyen Khoi, Ngan Thi Ngoc Dong, Huong Thuy Nguyen and Phu Hong Le, 

2015. Lactic acid bacteria: promising supplements for enhancing the biological 

https://www.healthline.com/nutrition/8-benefits-of-kombucha-tea
https://www.byrdie.com/benefits-of-kombucha


42 

activities of kombucha. SpringerPlus [online]. 4(1) [cit. 2021-03-25]. ISSN 2193-1801. 

Available from: doi:10.1186/s40064-015-0872-3 

Nguyen, Nguyen Khoi, Phuong Bang Nguyen, Huong Thuy Nguyen and Phu Hong Le, 

2015. Screening the optimal ratio of symbiosis between isolated yeast and acetic acid 

bacteria strain from traditional kombucha for high-level production of glucuronic 

acid. LWT - Food Science and Technology [online]. 64(2), 1149-1155 [cit. 2021-03-

25]. ISSN 00236438. Available from: doi:10.1016/j.lwt.2015.07.018 

Marsh, Alan J., Orla O'sullivan, Colin Hill, R. Paul Ross and Paul D. Cotter, 2014. 

Sequence-based analysis of the bacterial and fungal compositions of multiple kombucha 

(tea fungus) samples. Food Microbiology [online]. 38, 171-178 [cit. 2021-03-26]. ISSN 

07400020. Available from: doi:10.1016/j.fm.2013.09.003 

Talebi, Mohsen, Lillian A. Frink, Rahul A. Patil and Daniel W. Armstrong, 2017. 

Examination of the varied and changing ethanol content of commercial kombucha 

products. Food Analytical Methods [online]. 10(12), 4062-4067 [cit. 2021-03-26]. 

ISSN 1936-9751. Available from: doi:10.1007/s12161-017-0980-5 

Lee, Koon-Yang, Gizem Buldum, Athanasios Mantalaris and Alexander Bismarck, 

2014. More than meets the eye in bacterial cellulose: biosynthesis, bioprocessing, and 

applications in advanced fiber composites. Macromolecular Bioscience [online]. 14(1), 

10-32 [cit. 2021-03-26]. ISSN 16165187. Available from: doi:10.1002/mabi.201300298 

Zofia, Nizioł-Łukaszewska, Ziemlewska Aleksandra, Bujak Tomasz, Zagórska-Dziok 

Martyna, Zarębska Magdalena, Hordyjewicz-Baran Zofia and Wasilewski Tomasz, 

2020. Effect of fermentation time on antioxidant and anti-ageing properties of green 

coffee kombucha ferments. Molecules [online]. 25(22) [cit. 2021-03-26]. ISSN 1420-

3049. Available from: doi:10.3390/molecules25225394 

Lewin, Jo, 2018. Top 3 health benefits of kombucha. BBC good food [online]. [cit. 

2021-03-27]. Available from: https://www.bbcgoodfood.com/howto/guide/health-

benefits-

kombucha#:~:text=Fermented%20foods%20such%20as%20yogurts,in%20humans%2

0and%20improve%20digestion. 

Kleinfield, Hannah, 2020. kombucha vs. yogurt vs. probiotic 

supplements. Omnibiotic [online]. June 17, 2020 [cit. 2021-03-27]. Available from: 

https://www.omnibioticlife.com/kombucha-vs-yogurt-vs-omnibiotic/ 

Panghal, Anil, Sandeep Janghu, Kiran Virkar, Yogesh Gat, Vikas Kumar and Navnidhi 

Chhikara, 2018. Potential non-dairy probiotic products – A healthy approach. Food 

Bioscience [online]. 21, 80-89 [cit. 2021-03-27]. ISSN 22124292. Available from: 

doi:10.1016/j.fbio.2017.12.003 

https://www.bbcgoodfood.com/howto/guide/health-benefits-kombucha#:~:text=Fermented%20foods%20such%20as%20yogurts,in%20humans%20and%20improve%20digestion
https://www.bbcgoodfood.com/howto/guide/health-benefits-kombucha#:~:text=Fermented%20foods%20such%20as%20yogurts,in%20humans%20and%20improve%20digestion
https://www.bbcgoodfood.com/howto/guide/health-benefits-kombucha#:~:text=Fermented%20foods%20such%20as%20yogurts,in%20humans%20and%20improve%20digestion
https://www.bbcgoodfood.com/howto/guide/health-benefits-kombucha#:~:text=Fermented%20foods%20such%20as%20yogurts,in%20humans%20and%20improve%20digestion
https://www.omnibioticlife.com/kombucha-vs-yogurt-vs-omnibiotic/


43 

Bogdan, M., Justine, S., Filofteia, D. C., Petruta, C.C., Gabriela, L., Roxana, U., & 

Florentina, M., (2018). Lactic acid bacteria strains isolated from kombucha with 

potential probiotic effect; University of Bucharest, Romanian Biotechnological Letters, 

vol 2(1). Available from: https://www.rombio.eu/docs/Matei%20B%20et%20al.pdf 

Felix, Ash, 2016. A review about probiotic foods: kefir, kimchi and kombucha. Journal 

of Food Processing & Technology [online]. 7(11) [cit. 2021-03-28]. ISSN 21577110. 

Available from: doi:10.4172/2157-7110.1000636 

Dufresne, C. and E. Farnworth, 2000. Tea, kombucha, and health: a review. Food 

Research International [online]. 33(6), 409-421 [cit. 2021-03-28]. ISSN 09639969. 

Available from: doi:10.1016/S0963-9969(00)00067-3 

Kozyrovska, N. O., O. M. Reva, V. B. Goginyan and J.-P. De Vera, 2012. Kombucha 

microbiome as a probiotic: a view from the perspective of post-genomics and synthetic 

ecology. Biopolymers and Cell [online]. 28(2), 103-113 [cit. 2021-03-28]. ISSN 

02337657. Available from: doi:10.7124/bc.000034 

Manian, Christina, 2021. 10 Kombucha health benefits. taste of home [online]. Mar. 18, 

2021 [cit. 2021-03-29]. Available from: 

https://www.tasteofhome.com/collection/kombucha-health-benefits/ 

Greenwalt, C.J, R.A Ledford and KH Steinkraus, 1998. Determination and 

characterization of the antimicrobial activity of the fermented tea kombucha. LWT - 

Food Science and Technology [online]. 31(3), 291-296 [cit. 2021-03-29]. ISSN 

00236438. Available from: doi:10.1006/fstl.1997.0354 

Battikh, Houda, Kamel Chaieb, Amina Bakhrouf and Emna Ammar, 2013. Antibacterial 

and antifungal activities of black and green kombucha teas. Journal of Food 

Biochemistry [online]. 37(2), 231-236 [cit. 2021-03-29]. ISSN 01458884. Available 

from: doi:10.1111/j.1745-4514.2011.00629.x 

Rajaei, Soheila, Monir Doudi, Mahbubeh Setorki and Ali Mohammad Ahadi, 2021. 

Study of the antibacterial effects of kombucha on the bacterial isolates from diabetic 

foot ulcer. JBRMS. 8((1), 10-18. Available from: http://jbrms.medilam.ac.ir/article-1-

492-en.html 

Jayabalan, Rasu, Pei-Ni Chen, Yih-Shou Hsieh, et al., 2011. Effect of solvent fractions 

of kombucha tea on viability and invasiveness of cancer cells—Characterization of 

dimethyl 2-(2-hydroxy-2-methoxypropylidine) malonate and vitexin [online]. 

NISCAIR-CSIR, India, Jan-2011, 75-82 [cit. 2021-04-05]. Available from: 

https://research.kombuchabrewers.org/wp-content/uploads/kk-research-files/effect-of-

solvent-fractions-of-kombucha-tea-on-viability-and-invasiveness-of-cancer-cells-

characteri.pdf 

https://www.rombio.eu/docs/Matei%20B%20et%20al.pdf
https://www.tasteofhome.com/collection/kombucha-health-benefits/
http://jbrms.medilam.ac.ir/article-1-492-en.html
http://jbrms.medilam.ac.ir/article-1-492-en.html
https://research.kombuchabrewers.org/wp-content/uploads/kk-research-files/effect-of-solvent-fractions-of-kombucha-tea-on-viability-and-invasiveness-of-cancer-cells-characteri.pdf
https://research.kombuchabrewers.org/wp-content/uploads/kk-research-files/effect-of-solvent-fractions-of-kombucha-tea-on-viability-and-invasiveness-of-cancer-cells-characteri.pdf
https://research.kombuchabrewers.org/wp-content/uploads/kk-research-files/effect-of-solvent-fractions-of-kombucha-tea-on-viability-and-invasiveness-of-cancer-cells-characteri.pdf


44 

Hollman, Peter C. H., Lilian B. M. Tijburg and Chung S. Yang, 1997. Bioavailability 

of flavonoids from tea. Critical Reviews in Food Science and Nutrition [online]. 37(8), 

719-738 [cit. 2021-04-05]. ISSN 1040-8398. Available from: 

doi:10.1080/10408399709527799 

Bauer-Petrovska, Biljana and Lidija Petrushevska-Tozi, 2000. Mineral and water 

soluble vitamin content in the kombucha drink. International Journal of Food Science 

and Technology [online]. 35(2), 201-205 [cit. 2021-04-05]. ISSN 0950-5423. Available 

from: doi:10.1046/j.1365-2621.2000.00342.x 

Malbaša, Radomir V., Eva S. Lončar, Jasmina S. Vitas and Jasna M. Čanadanović-

Brunet, 2011. Influence of starter cultures on the antioxidant activity of kombucha 

beverage. Food Chemistry [online]. 127(4), 1727-1731 [cit. 2021-04-05]. ISSN 

03088146. Available from: doi:10.1016/j.foodchem.2011.02.048 

Malbaša, R., E. Lončar and M. Djurić, 2008. Comparison of the products of kombucha 

fermentation on sucrose and molasses. Food Chemistry [online]. 106(3), 1039-1045 

[cit. 2021-04-05]. ISSN 03088146. Available from: 

doi:10.1016/j.foodchem.2007.07.020 

Liu, Zhibin, Marieke Elisabeth Bruins, Li Ni and Jean-Paul Vincken, 2018. Green and 

black tea phenolics: bioavailability, transformation by colonic microbiota, and 

modulation of colonic microbiota. Journal of Agricultural and Food Chemistry [online]. 

66(32), 8469-8477 [cit. 2021-04-05]. ISSN 0021-8561. Available from: 

doi:10.1021/acs.jafc.8b02233 

Kaewkod, Thida, Sakunnee Bovonsombut and Yingmanee Tragoolpua, 2019. Efficacy 

of kombucha obtained from green, oolong, and black teas on inhibition of pathogenic 

bacteria, antioxidation, and toxicity on colorectal cancer cell line. Microorganisms 

[online]. 7(12) [cit. 2021-04-06]. ISSN 2076-2607. Available from: 

doi:10.3390/microorganisms7120700 

Srihari, Thummala, Ramachandran Arunkumar, Jagadeesan Arunakaran and Uppala 

Satyanarayana, 2013. Downregulation of signalling molecules involved in angiogenesis 

of prostate cancer cell line (PC-3) by kombucha (lyophilized). Biomedicine & 

Preventive Nutrition [online]. 3(1), 53-58 [cit. 2021-04-06]. ISSN 22105239. Available 

from: doi:10.1016/j.bionut.2012.08.001 

Martínez Leal, Jessica, Lucía Valenzuela Suárez, Rasu Jayabalan, Joselina Huerta Oros 

and Anayansi Escalante-Aburto, 2018. A review on health benefits of kombucha 

nutritional compounds and metabolites. CyTA - Journal of Food [online]. 16(1), 390-

399 [cit. 2021-03-25]. ISSN 1947-6337. Available from: 

doi:10.1080/19476337.2017.1410499 

Martínez-Leal, Jessica, Nestor Ponce-García and Anayansi Escalante-Aburto, 2020. 

Recent evidence of the beneficial effects associated with glucuronic acid contained in 



45 

kombucha beverages. Current Nutrition Reports [online]. 9(3), 163-170 [cit. 2021-04-

06]. ISSN 2161-3311. Available from: doi:10.1007/s13668-020-00312-6 

Jung, Youngmi, Inyoung Kim, Mohamed Mannaa, Jinnyun Kim, Sihyung Wang, 

Inmyoung Park, Jieun Kim and Young-Su SEO, 2019. Effect of kombucha on gut-

microbiota in mouse having non-alcoholic fatty liver disease. Food Science and 

Biotechnology [online]. 28(1), 261-267 [cit. 2021-04-06]. ISSN 1226-7708. Available 

from: doi:10.1007/s10068-018-0433-y 

Murugesan, G. S., 2009. Hepatoprotective and curative properties of kombucha tea 

against carbon tetrachloride-induced toxicity. Journal of Microbiology and 

Biotechnology [online]. 19(4), 397-402 [cit. 2021-04-06]. ISSN 10177825. Available 

from: doi:10.4014/jmb.0806.374 

Abshenas, Jalil, Amin Derakhshanfar, Mohammad Hosein Ferdosi and Saeid 

Hasanzadeh, 2012. Protective effect of kombucha tea against acetaminophen-induced 

hepatotoxicity in mice: a biochemical and histopathological study. Comparative 

Clinical Pathology [online]. 21(6), 1243-1248 [cit. 2021-04-06]. ISSN 1618-5641. 

Available from: doi:10.1007/s00580-011-1273-9 

Zubaidah, Elok, Chairul Anam Afgani, Umi Kalsum, Ignatius Srianta and Philippe J. 

Blanc, 2019. Comparison of in vivo antidiabetes activity of snake fruit Kombucha, black 

tea Kombucha and metformin. Biocatalysis and Agricultural Biotechnology [online]. 

17, 465-469 [cit. 2021-04-06]. ISSN 18788181. Available from: 

doi:10.1016/j.bcab.2018.12.026 

Aloulou, Ahmed, Khaled Hamden, Dhouha Elloumi, et al., 2012. Hypoglycemic and 

antilipidemic properties of kombucha tea in alloxan-induced diabetic rats. BMC 

Complementary and Alternative Medicine [online]. 12(1) [cit. 2021-04-06]. ISSN 1472-

6882. Available from: doi:10.1186/1472-6882-12-63 

Vijayaraghavan R, Singh M, Rao PV, Bhattacharya R, Kumar P, Sugendran K, Kumar 

O, Pant SC, Singh R. Subacute (90 days) oral toxicity studies of Kombucha tea. Biomed 

Environ Sci. 2000 Dec;13(4):293-9. PMID: 11351863. Available from: 

https://pubmed.ncbi.nlm.nih.gov/11351863/ 

Pauline T, Dipti P, Anju B, Kavimani S, Sharma SK, Kain AK, Sarada SK, Sairam M, 

Ilavazhagan G, Devendra K, Selvamurthy W. Studies on toxicity, anti-stress and hepato-

protective properties of Kombucha tea. Biomed Environ Sci. 2001 Sep;14(3):207-13. 

PMID: 11723720. Available from: https://pubmed.ncbi.nlm.nih.gov/11723720/ 

Yang, Zhi-Wei, Bao-Ping Ji, Feng Zhou, Bo Li, Yangchao Luo, Li Yang and Tao Li, 

2009. Hypocholesterolaemic and antioxidant effects of kombucha tea in high-

cholesterol fed mice. Journal of the Science of Food and Agriculture [online]. 89(1), 

150-156 [cit. 2021-04-06]. ISSN 00225142. Available from: doi:10.1002/jsfa.3422 

https://pubmed.ncbi.nlm.nih.gov/11351863/
https://pubmed.ncbi.nlm.nih.gov/11723720/


46 

Laavanya, D., Shivanand Shirkole and P. Balasubramanian, 2021. Current challenges, 

applications and future perspectives of SCOBY cellulose of Kombucha 

fermentation. Journal of Cleaner Production [online]. 295 [cit. 2021-04-06]. ISSN 

09596526. Available from: doi:10.1016/j.jclepro.2021.126454 

Shanmugavel, M, N T Nandhini, B Supriya, S Vasantharaj, S Inbasekaran and A 

Gnanamani, 2017. Kombucha fungus mediated silver nanoparticles. International 

Journal on Applied Bioengineering [online]. 2017, Issue 2(Vol.11,), 22-25 [cit. 2021-

04-06]. Available from: 

https://www.researchgate.net/publication/341205019_KOMBUCHA_FUNGUS_MED

IATED_SILVER_NANOPARTICLES_AND_THEIR_BIOLOGICAL_ACTIVITIES 

El-Wakil, Nahla A., Enas A. Hassan, Mohammad L. Hassan and Soheir S. Abd El-

Salam, 2019. Bacterial cellulose/phytochemical’s extracts biocomposites for potential 

active wound dressings. Environmental Science and Pollution Research [online]. 

26(26), 26529-26541 [cit. 2021-04-06]. ISSN 0944-1344. Available from: 

doi:10.1007/s11356-019-05776-w 

Sharma, Chhavi and Nishi K. Bhardwaj, 2020. Fabrication of natural-origin 

antibacterial nanocellulose films using bio-extracts for potential use in biomedical 

industry. International Journal of Biological Macromolecules [online]. 145, 914-925 

[cit. 2021-04-06]. ISSN 01418130. Available from: 

doi:10.1016/j.ijbiomac.2019.09.182 

Zhu, Changlai, Feng Li, Xinyang Zhou, Lin Lin and Tianyi Zhang, 2014. kombucha-

synthesized bacterial cellulose: preparation, characterization, and biocompatibility 

evaluation. Journal of Biomedical Materials Research Part A [online]. 102(5), 1548-

1557 [cit. 2021-04-06]. ISSN 15493296. Available from: doi:10.1002/jbm.a.34796 

Pasha, Chand and Gopal Reddy, 2005. Nutritional and medicinal improvement of black 

tea by yeast fermentation. Food Chemistry [online]. 89(3), 449-453 [cit. 2021-04-06]. 

ISSN 03088146. Available from doi:10.1016/j.foodchem.2004.02.054 

Vīna, Ilmāra, Pāvels Semjonovs, Raimonds Linde and Ilze Deniņa, 2014. Current 

evidence on physiological activity and expected health effects of kombucha fermented 

beverage. Journal of Medicinal Food [online]. 17(2), 179-188 [cit. 2021-04-06]. ISSN 

1096-620X. Available from: doi:10.1089/jmf.2013.0031 

Liu, Miao, Lingpu Liu, Shiru Jia, Siqi Li, Yang Zou and Cheng Zhong, 2018. Complete 

genome analysis of gluconacetobacter xylinus CGMCC 2955 for elucidating bacterial 

cellulose biosynthesis and metabolic regulation. Scientific Reports [online]. 8(1) [cit. 

2021-04-17]. ISSN 2045-2322. Available from: doi:10.1038/s41598-018-24559-w 

Centers for disease control and prevention, 1995. Unexplained Severe Illness Possibly 

Associated with Consumption of Kombucha Tea [online]. In: 1995, s. 1 [cit. 2021-4-

27]. Available from: https://www.cdc.gov/mmwr/preview/mmwrhtml/00039742.htm 

https://www.researchgate.net/publication/341205019_KOMBUCHA_FUNGUS_MEDIATED_SILVER_NANOPARTICLES_AND_THEIR_BIOLOGICAL_ACTIVITIES
https://www.researchgate.net/publication/341205019_KOMBUCHA_FUNGUS_MEDIATED_SILVER_NANOPARTICLES_AND_THEIR_BIOLOGICAL_ACTIVITIES
https://www.cdc.gov/mmwr/preview/mmwrhtml/00039742.htm


47 

Sabouraud, S., B. Coppéré, C. Rousseau, et al., 2009. Intoxication environnementale par 

le plomb liée à la consommation de boisson conservée dans une cruche artisanale en 

céramique vernissée. La Revue de Médecine Interne [online]. 30(12), 1038-1043 [cit. 

2021-4-27]. ISSN 02488663. Available from: doi:10.1016/j.revmed.2008.05.010 


