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Abstract 

Kombucha tea is a type of tea that undergoes fermentation through the inclusion of tea 

leaves, sugar, and a symbiotic culture of bacteria and yeast (SCOBY). The fermentation 

process typically spans a period of around 10 to 15 days. The utilization of this substance 

dates back to ancient times, mostly for medicinal purposes. The review has demonstrated 

that kombucha tea has distinctive characteristics, including anticancer, antioxidant, 

antimicrobial, and antifungal activities. The chemical component of kombucha plays an 

important role in kombucha tea which enhances the pharmacological activities such as 

acetic acid, lactic acid, phenolics and flavonoids. This paper presents an analysis of recent 

findings pertaining to the potential health advantages of kombucha, along with an 

examination of the chemical constituents and metabolites generated during the 

fermentation process. Additionally, further recommendations are provided for future 

investigations in this field. 

1. Introduction 

Since the early years of human civilization, 

fermented food has been known in the human diet and 

also in medication (Admassie, 2018). It is believed that 

the fermentation process could enhance flavour and shelf

-life and this process involves microorganism and their 

metabolite which will change the environment of the 

product to the point which is favourable for good 

bacteria. The fermentation process can be categorized by 

the microorganism involved which is mainly lactic acid 

bacteria (LAB) and also the present of food substrate. 

Through those explanations, fermented food is mostly 

defined as food which is produced through the 

involvement of microbes and enzymatic conversion of 

food components which is beneficial to human health 

when consumed (Marco et al., 2017; Dimidi et al., 

2019). Many foods can undergo a fermentation process 

including perishable and non-perishable food which 

contain high concentrations of substrate such as 

monosaccharide or disaccharide which will undergo 

enzymatic action (Marco et al., 2017). As the outcome of 

these various methods of fermentation, there are 

thousands of different kinds of fermented food that have 

been known nearly in every culture world-wide which 

has been used for thousands of years and remain relevant 

until now due to the benefit of the food product towards 

consumer. Plus, there were several groups which 

recommended that fermented food should recognized as 

a national dietary recommendation (Chilton et al., 2015). 

The fermentation process can be done by two different 

methods which are natural and or spontaneous 

fermentation, for example, kimchi, tapai and other 

fermented products whereby the microbes are already 

present naturally in the product. Vice versa the second 

fermentation process involves the addition of starter 

culture which is produced by the previous fermented 

batch and is included in the formulation of the product 

which we call “backslopping” (Yann and Pauline, 2014; 

Marco et al., 2017; Rezac et al., 2018; Dimidi et al., 

2019). The present of microorganisms in the product not 

only improves the sensory characteristic and shelf-life 

but also improves gastrointestinal health, antibody and 

anticancer properties. There are numerous studies have 

shown that microorganisms that exist in fermented 

products can reach until gastrointestinal tract to exert a 

physiological benefit against pathological bacteria and 

produce immune-regulatory benefits in the tract (Derrien 
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and Vlieg, 2015). For example, with the present of lactic 

acid bacteria, the production of bioactive peptides and 

polyamides will increase which leads to potential 

beneficial towards cardiovascular, immune and 

metabolic health. Also, the presence of lactic acid 

through fermentation can lead to the conversion of 

phenolic compounds to biologically active compounds 

which is beneficial towards free radical scavengers 

(Filannino et al., 2015; Pessione and Cirrincione, 2016). 

Another food product which has been known for 

thousands of years is tea. Tea is the second most known 

liquid after water and has already been consumed since 

3000 BC (Sharangi, 2009). The study about tea is still 

ongoing to show the optimum result for certain points for 

potential health benefits and medicinal properties (Abu 

Bakar et al., 2006). The cultivation of tea in India from 

1818 until 1834 can be considered the origin of tea and it 

has been one of the most important agriculture products 

throughout the world (Harbowy et al., 1997). All of the 

type of tea leaves comes from the same species which is 

Camellia sinensis L. but differ in their appearance, 

flavour and chemical component due to the exposure for 

fermentation and hydration process (Sharangi, 2009). 

Green tea contains a high concentration of monomeric 

polyphenols from the catechin group due to the hydration 

process. The preparation of green tea is by exposing the 

freshly picked tea leaves to the air until the moisture in 

the leaves is evaporated. The second step is to roast and 

stir continuously until it becomes moist and flaccid 

which eventually improves the appearance of the product 

before being passed to the rolling table and being shaped 

into balls to extract more moisture. Next, the leaves are 

roasted until the leaves assume dull green colour 

(Poonam et al., 2018). Most of the steps in processing 

green tea leaves which involve heat are to extract most of 

the moisture present and also lead to inactivation of 

enzymes (Marco et al., 2017). The preparation for black 

tea is a bit different compared to green tea. The first step 

in producing black tea is withering which results in the 

disruption of the cell structure which triggers the 

fermentation process (Łuczaj and Skrzydlewska, 2005; 

Marco et al., 2017). In the production of black tea, 

enzymatic transformation does occur which involves 

oxidation and polymerization resulting in 75% of 

catechins (Bokuchava et al., 1980; Katiyar and Mukhtar, 

1996; Marco et al., 2017). 

 Tea product which undergoes the fermentation 

process is known as Kombucha tea. This product is 

originally known in northeast China during the Tsin 

Dynasty in Manchuria (Laureys et al., 2020). Originally 

kombucha tea was used as medicine due to its health-

promoting properties and there are still studies being 

conducted to know its full potential towards consumers' 

health. Kombucha tea is a sweetened tea which being 

fermented in time by the presence of a symbiotic culture 

of bacteria and yeast (SCOBY) creating a cellulose layer 

on top of the solution during the fermentation process 

(Laureys et al., 2020). This beverage has become more 

popular recently in Western culture and the retail market 

has shown an increase in value growth over the past 2 

years (Laureys et al., 2020). Kombucha tea usually 

consists of tea leaves, solute which is water, sucrose (5-

8%) and SCOBY. Sucrose acts as a substrate for SCOBY 

which consists of acetic acid bacteria (AAB) and 

osmophilic yeast which trigger the natural fermentation 

process which leads to the production of beneficial acid 

and alcohol (Gaggìa et al., 2019; Jarrell et al., 2000). In 

the past 10 years, the market interest in kombucha tea 

has shown a positive increase towards the world and 

also, self-brewing for the production of kombucha tea 

has been quite common these days (Gaggìa et al., 2019; 

Kapp and Sumner, 2019). Kombucha tea commonly 

being consumed due to the availability of beneficial 

chemical compounds and antioxidant value such as 

organic acid, vitamins and tea polyphenols, and the low 

pH to avoid bacterial contamination (Gaggìa et al., 

2019). Based on the quality of tea, the tea beverage is 

usually based on species, season, age of tea leaves, 

position of plucking, climate, and horizontal practice 

which highly affects the composition of antioxidants and 

polyphenols which eventually affect the composition of 

fermented tea beverage (Lin et al., 1996; Lin et al., 

1998). Currently, kombucha can be claimed as of 

probiotic product due to the presence of beneficial 

microbe but also claimed as an “unsafe medicinal 

tea” (Hartmann et al., 2000). Due to the insufficiency of 

clinical proof and support, there are a lot of 

misconceptions and false information about the idea of 

kombucha tea's chemical benefits. This study will 

analyze the benefits of kombucha tea in terms of its 

pharmacological properties and chemical components, 

such as antioxidants and polyphenols. 

 

2. Definition of Kombucha tea 

Kombucha is a beverage made from the fermentation 

of tea, primarily black tea, but other varieties such as 

green and oolong tea, can be used as a base for its 

manufacture. It is also possible to find variations which 

can be infused into the formulation such as mint, lemon 

balm or jasmine. Some metabolic products of Symbiotic 

Culture of Microorganisms and Yeast (SCOBY), like 

acetic acid and other organic acids, have antibacterial 

properties and prevent pathogenic bacteria from 

contaminating the drink (Xia et al., 2019). Due to the 

presence of beneficial microbes, a cellulose mat will 

appear on top of the solution which is called SCOBY 

daughter which also contains beneficial microbes and 
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can be used for another batch. As mentioned above, 

kombucha has been consumed as a nutraceutical in Asia 

for thousands of years (Kaewkod et al., 2019b) It is said 

that kombucha is possibly made by accident like many 

other fermented foods. Due to its promising potential 

towards health which involves functional capabilities 

such as anti-inflammatory potential and antioxidant 

activity, reduction of cholesterol level and blood 

pressure, reduction of cancer propagation, the 

improvement of the liver, the improvement of the 

immune system and gastrointestinal function, Kombucha 

tea can also be claimed as a functional food (Kaewkod et 

al., 2019b). In terms of analysis for this product, mainly 

it focuses on its chemical component which is nutritional 

and antioxidant value. A study has recorded that 

kombucha tea contains rich organic acids such as acetic 

acid, glucuronic acid, and gluconic acid, vitamins and 

polyphenols (Rasu Jayabalan et al., 2014; Gaggìa et al., 

2019). Another study also has been conducted which 

involves animal study to analyze the beneficial effects of 

kombucha tea which include antimicrobial activity, 

hepatic detoxification, anti-inflammatory, 

hypocholesterolaemia, anti-proliferative, and 

hypoglycaemic activities (Dufresne and Farnworth, 

2000; Villarreal-Soto et al., 2018; Gaggìa et al., 2019). 

But kombucha is not yet universal and well known 

throughout the world because it is a live fermenting 

drink, requiring constant precaution and refrigeration 

making it more difficult to transport and distribute. 

 

3. Preparation of Kombucha tea 

The aerobic and static fermentation process is vital 

in the process of Kombucha tea production and it usually 

includes sucrose-sweetened black, green, or blue 

(Oolong) tea with a symbiotic culture of bacteria and 

yeast (SCOBY) which will trigger the fermentation 

process (Xia et al., 2019). The process starts with a 

combination of boiling water with 50-100 g of sugar or 

sucrose. Following that, tea leaves, either loose or in tea 

bags, are steeped for a brief time before being extracted. 

After that, the solution is cooled to 20 degrees Celsius 

and infected with a piece of SCOBY mat, which contains 

a lot of native microbes (Figure 1). The purpose of the 

addition of the previous batch of Kombucha tea is to 

lower the pH of the Kombucha tea which will inhibit the 

growth of bad pathogens such as Clostridium botulinum, 

C. perfringens, and Bacillus cereus. These microbes do 

not grow in an environment below pH 4.7. The 

fermentation process usually takes place under aerobic 

conditions and at a temperature of 18-28℃for 8-14 days 

(Mousavi et al., 2020). 

The fermentation process in the making of 

kombucha can be considered natural due to the addition 

of a certain amount of a previous kombucha fermentation 

which can be called back-slopping. Back slopping is a 

technique that is also utilised in the production of 

sourdough, fermented meats and cereals, water kefir, and 

milk kefir, among other natural food fermentation 

processes (Rasu Jayabalan et al., 2011). The 

fermentation process for kombucha normally takes 8 to 

14 days at room temperature, during which time the 

characteristics of the sweetened tea evolve significantly. 

The fermentation medium is aerobic, rich in sugar and 

sucrose, and somewhat acidic due to the inclusion of a 

previously fermented kombucha solution. The 

oxygenation of the liquor gradually reduces due to the 

creation of a cellulose layer on top of the fermenting 

liquor and the consumption of oxygen by the 

microorganisms in the SCOBY mat and the liquor. The 

substrate concentrations eventually decrease due to 

microbial metabolism and the formation of the cellulose 

layer. A more intense anaerobic condition with a low 

amount of substrate may arise at the end of the process. 

 

4. From tea to kombucha: the fermentation process 

An extensive study about the microbial diversity in 

the kombucha fermentation process has been established 

and it shows that during the fermentation process of 

kombucha tea yeast and acetic acid bacteria (AAB) are 

both present. The main components in the production of 

kombucha tea are tea leaves, water, sugar which act as a 

substrate and SCOBY as mentioned in the previous 

chapter. Sweetened black tea is one of the best substrates 

in kombucha tea production compared to green tea but 

the preparation for both teas is the same (Dufresne and 

Farnworth, 2000). The identification of microbiological 

components in kombucha tea takes place in the early 

study of kombucha tea. There were studies which proved 

that one of the main microbiological components in the 

beverage is acetic acid bacteria which is Acetobacter 

xylinum, A. xylinoides, Bacterium gluconicum, A. aceti 

and A. pasteurianus (Reiss, 1994; Balentine, 1997). For 

fungi, the main component found in kombucha tea is 

Schizosaccharomyces pombe, Kloeckera apiculate, 

Saccharomycodes ludwigii, Saccharomyces cerevisiae, 

Figure 1. Kombucha tea. 
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Zygosaccharomyces bailii, Brettanomyces bruxellensis, 

B. lambicus, B. clusters, Candida and Pichia species 

(Reiss, 1994; Mayser et al., 1995; Balentine, 1997). One 

of the characteristics that contribute to the popularity of 

kombucha tea is the presence of symbiotic interactions 

between bacteria and yeast, which are capable of limiting 

pathogen growth in the product (Villarreal-Soto et al., 

2018, Villarreal-Soto et al., 2019). The presence of 

beneficial microbes in the product creates an aerobic 

condition which converts substrate that is present in the 

formulation for the fermentation process which takes 

place approximately 7-10 days. The main substrate in the 

formulation of kombucha tea is sugar also known as 

sucrose and in the fermentation process, an invertase 

enzyme in the periplasm of yeast cells hydrolyzes 

sucrose into glucose and fructose, which is the monomer 

form of sucrose, increasing the quantity of glucose and 

fructose. (Dufresne and Farnworth, 2000; Manach et al., 

2004). The process continues with glucose and fructose 

being fermented by yeast into ethanol, carbon dioxide 

and glycerol which affect the alcohol content in the tea. 

The by-product of the yeast which is ethanol will be used 

by AAB to produce acetic acid (Ahmed and Dirar, 

2005). There is evidence which proves the presence of 

carbon dioxide in the fermentation process which is due 

to the aerobic process of the microbes but it will partly 

escape into the atmosphere. 

As explained earlier, the main by-products of the 

fermentation process are ethanol, glycerol, acetic acid, 

gluconic acid, glucuronic acid D-saccharic acid 1,4-

lactone, and lactic acid and those components reach their 

maximum value due to the fermentation process after 6-

10 days and reaches its equilibrium state (Figure 2) 

(Sievers and Swings, 2015; Gomes et al., 2018). But this 

information is still under development due to incomplete 

analysis and more detailed analyses are needed to be 

done. During the fermentation process, there are many 

selective pressures happening that control the variety of 

microbial species in kombucha, and hence influence 

substrate consumption and metabolite synthesis (Rasu 

Jayabalan et al., 2014). For example, the acidic stress 

caused by organic acid synthesis which also produced by 

yeast (acetic acid), and AAB (lactic acid and acetic acid). 

This process affects the pH value of the product which 

might drop to 2.0-4.0 after 7-10 days of incubation. 

There is also evidence that the restricted availability of 

essential vitamins and nitrogenous compounds in the 

mixture might be a significant pressure factor for the 

microbial population. It argues that the availability of the 

tea leaves employed in the recipe is the only source of 

(micro)nutrients (Gholami, 2017). 

In the fermentation process for the production of 

kombucha, all of the microbes present in the mixture will 

undergo aerobic respiration which supports that the 

existence of oxygen and its concentration is considered 

as an important property which will affect the growth of 

AAB (Laureys et al., 2020). In the initial phase of 

fermentation, the environment of the mixture is highly 

oxygenated and favourable by the AAB but the 

concentration of oxygen will be decreased due to the 

formulation of growing cellulose pellicle on top of the 

mixture of we can call SCOBY daughter (Rodrigues et 

al., 2006). It is crucial to optimize the parameters during 

the kombucha tea fermentation process since they have a 

major influence on the final microbial composition and, 

as a result, the metabolite composition of kombucha. The 

measures of the fermentation vessel, for example, and 

the surface area to volume ratio, might have an effect on 

the quantity of oxygenation during a fermentation. This 

is less of a concern when the mixture is aggressively 

stirred or aerated throughout the fermentation process, as 

some producers have done effectively. A pH above 4 

could be linked to low oxygenation and hence low acid 

generation by AAB, which can sometimes stimulate the 

growth of LAB (lactic acid bacteria) and so lactic acid 

production. The fermentation period will also have a 

serious influence on the microbial ecosystem's acidic 

stress and, as a result, the end product's microbial and 

chemical composition. Higher fermentation temperatures 

tend to favour LAB, which is consistent with their higher 

optimum development temperatures as compared to 

yeasts and AAB. (Mousavi et al., 2020). 

 

5. Chemical component of kombucha tea 

When it comes to the active compound of kombucha 

tea, it typically reveals the presence of multiple 

compounds including organic acid, sugar, water-soluble 

vitamins, amino acid, biogenic amines, purines, 

pigments, lipids, proteins, hydrolytic enzymes, ethanol, 

acetic acid bacteria and lactic acid bacteria, carbon 

dioxide, poly-phenols, minerals, anions, D-saccharic acid

-1,4- lactone (DSL), and metabolic product of yeast and 

bacteria (Yang et al., 2010; Rasu Jayabalan et al., 2014). 

The amount of production of chemical content in 

kombucha tea mainly depends on multiple factors such 
Figure 2. Main metabolic activities of SCOBY during the 

fermentation of kombucha tea (Ahmed and Dirar, 2005). 
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as the symbiotic culture used for the fermentation et al. 

(2007) 

process, duration of fermentation, sucrose content 

and type of tea used. These chemical compounds are 

originally produced by SCOBY but it still depends on 

the type of substrate used in the formulation of the tea 

which can alter the structure to create a new compound 

during the fermentation process (De Miranda et al., 

2021). Table 1 shows the compounds which have been 

identified in the fermentation process of black tea and 

green tea leaves. 

The pH value of Kombucha tea steadily falls 

throughout the alcoholic fermentation due to the brewing 

process, which results in the creation of organic acid, as 

proved by Jayabalan et al. (2007). This demonstrates a 

rise in acetic acid production on the 15th day of 

fermentation (De Miranda et al., 2021). Another study 

also proved the increase in acetic acid and gluconic acid 

concentration in green tea kombucha which reached the 

level of 16.57 and 7.36 g/L after 21 days of fermentation 

duration (Chakravorty et al., 2016). Another interesting 

study done by Malbasa et al., (2018) uses sugar beet 

molasses as the source of carbon for the fermentation 

process. It demonstrates a higher drop in pH and an 

increase in organic acid output when compared to the 

identical manufacturing of kombucha tea that solely uses 

sugar as a substrate. These changes can be explained by 

the presence of molasses itself which includes other 

Substrate Organic acid 
Amount  

(g/L) 

Vitamins and 

minerals 

Amount  

(g/L) 

Fermentation duration 

(days) 
References 

Black tea 

Acetic acid 4.69 - - 18 

Jayabalan et al. (2007) Glucuronic acid 1.71       

Lactic acid 0.18       

Acetic acid 8.0 - - 15 Kallel et al. (2012) 

Acetic acid 16.57 - - 21 
Chakravorty et al. (2016) 

Glucuronic acid 7.36       

Acetic acid 1.83 - - 14 

Ismaiel et al. (2016) 
Glucuronic acid 1.86       

Lactic acid 0.702       

Citric acid 2.77       

Acetic acid 9.18 - - 14 
Gaggìa et al. (2019) 

Glucuronic acid 3.23       

Acetic acid 6-15.1 - - 21 Villarreal- Soto et al. (2019) 

Acetic acid 11.15 Vitamin C 0.70 15 

Kaewkod et al. (2019) Glucuronic acid 1.58       

Succinic acid 3.05       

Acetic acid 3.6 - - 10 

Cardoso et al. (2020) Glucoronic acid 1.17    

Lactic acid 0.015       
Acetic acid 1.55 Iron - 7 

Ivanišová et al. (2020) Tartaric acid 0.23 Manganese     
Citric acid 0.05 Zinc     
Acetic acid 9.08 - - 14 Jakubczyk et al. (2020) 
Acetic acid 8.36 - -   

Jayabalan et al. (2007) 

 Green tea  

Glucuronic acid 1.73       
Lactic acid 0.12       
Acetic acid 5.4 - - 15 Kallel et al. (2012) 
Acetic acid 7.65 - - 14 

Gaggìa et al. (2019) 
Glucuronic acid 1.96       

Acetic acid 10.42 Vitamin C 0.61 15 
Kaewkod et al. (2019) 

Glucuronic acid 1.37       
Acetic acid 3.2 - - 10 

De Miranda et al. (2021) Glucuronic acid 0.47       
Lactic acid 0.02       
Acetic acid 9.14 - - 14 Jakubczyk et al. (2020) 

Table 1. Identified compounds in the fermentation process of black tea and green tea leaves. 
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components such as fatty acid, lactic acid and non-

volatile acids (Malbaša et al., 2008). However, this study 

shows the production of acetic is lower compared to 

others and it may also be due to the presence of molasses 

which decreases the activity of acetic acid bacteria. 

Some investigations have demonstrated the presence of 

vitamins in kombucha tea, such as water-soluble 

vitamins detected in kombucha brewed with 0.7% sugar 

and 5 g/L black tea by Bauer-Petrovska and 

Petrushevska-Tozi (2000). Vitamin B1 was 74 mg/100 

mL, vitamin B6 was 52 mg/100 mL, vitamin B12 was 84 

mg/100 mL, and vitamin C was 151 mg/100 mL (Bauer-

Petrovska and Petrushevska-Tozi, 2000). Another study 

shows the maximum content of vitamin B2 in a 

kombucha formulation of 7% sucrose in 8% of tea 

leaves. In that investigation, vitamin C was proven to be 

present in the formulation and reached the highest value 

on the 10th day of fermentation with 28.98 mg/mL. 

Another research used the RSM approach in fermented 

milk products, including earlier kombucha batches 

grown on winter savoury and stinging nettle extract. 

According to this study, the value of vitamin C in this 

product is higher than in standard kombucha products, 

with a value of 15.19 mg/mL. (Vitas et al., 2013). 

There has been only a little research done on the 

mineral content of kombucha tea. Minerals are inorganic 

compounds that are required in trace amounts for normal 

biological function and development. Research was 

conducted to demonstrate the presence of copper, iron, 

manganese, nickel, and zinc. These minerals rose as a 

result of the kombucha's metabolic rate throughout the 

fermenting process. Lead also has been proven to be 

present in the mixture but only in a small amount (Bauer-

Petrovska and Petrushevska-Tozi, 2000). Toxic blood 

lead levels for adults are 20 g/dL and for children are 10 

g/dL, which is approximately 0.2 and 0.1 g/mL, 

respectively, according to the Agency for Toxic 

Substances and Disease Registry (ATSDR). Because 

kombucha tea has substantially lower amounts, it does 

not pose a health hazard. A Review paper also reported 

the amount of minerals which are copper, iron, 

magnesium, nickel, and zinc with a composition of 0.1-

0.4 mg/mL with an initial sucrose concentration of 70 g/

mL with a fermentation duration of 15 days (Villarreal-

Soto et al., 2018). Polyphenols are active substances that 

include one or more phenol structural units per molecule 

and are a class of phytochemicals that are the most 

prevalent antioxidants in the diet (Leal et al., 2018; Abu 

Bakar et al., 2010). Polyphenols are also one of the 

wonderful compounds present in kombucha which are 

able to scavenge free radicals which may resulting 

kombucha tea as a potent antioxidant agent (Mousavi et 

al., 2020). During the production of kombucha tea, the 

overall polyphenol content of kombucha increases 

linearly and takes around 15 days to stabilize (Chu and 

Chen, 2006). Also, one of the main ingredients in 

making kombucha tea is tea leaves. Both epicatechin 

(EC) and epigallocatechin (EGC) are present in the 

product (Manach et al., 2004). There is a study of 

kombucha tea which uses green tea and black tea at the 

same time. For green tea, a higher level of EC (150%) 

was found on the 12th day of fermentation and for black 

tea, 115% of EGC was present on the same day 

(Jayabalan et al., 2007). As mentioned before, 

temperature is one of the main factors which will affect 

the quality of the product. There was a study which 

included exposure to high temperatures approximately 

76oC- 100oC during the fermentation process. For 6 and 

8 days, the antioxidant activity is reduced by 36.42 and 

35.95%, respectively (Ahmed et al., 2020). 

D-saccharic acid-1,4-lactone (DSL) is one of the 

chemical components in kombucha tea it has the 

potential to inhibit glucosidase activity which facilitates 

glucuronic acid to repel toxicants which include 

carcinogens, certain tumour promoters and hepatotoxin 

(Yang et al., 2010; Kaewkod et al., 2019). According to 

Yang and others (2010), Glunacetobacter sp. A4 has a 

strong ability to produce DSL and was the key functional 

bacterial species isolated from preserved kombucha. 

From the study, they recorded the highest amount of 

DSL during the 8th day of the fermentation process and 

gradually decreased until the end of the process. Another 

study has shown the content of DSL in kombucha with a 

range of 57.99-132.72 mg/mL (Wang et al., 2010). Also, 

a study shows the presence of DSL as well as other 

organic acids which are glucuronic, gluconic, ascorbic, 

acetic, and succinic acids by using the HPLC system 

(Kaewkod et al., 2019). During the fermentation process, 

sucrose is hydrolysed by yeast into glucose and fructose 

which is a monomer for sucrose and carbon dioxide 

which leads to a carbonation sensation towards the 

product. Yeast also produces ethanol in the process 

which is oxidised into acetaldehyde. The combination of 

acetic acid and ethanol results in an increased rate of 

ethanol production via yeast (Mousavi et al., 2020). The 

study shows the amount of ethanol (5.5 g/L) with an 

initial sucrose content of 100 g/L with a fermentation 

duration of 20 days. There is also a study which involves 

different types of kombucha which involve tea, rice and 

barley and all those samples show the presence of 

ethanol. All of the sample shows a high amount of 

ethanol from the 1st until the 4th day and gradually 

decreases (Ahmed et al., 2020). Chen and Liu (2000) 

established that the content of ethanol increased with 

time and reached the highest value at around 5.5 g/L, 

followed by a slow decline (Chen and Liu, 2000). As 

mentioned before, the relationship between acetic acid 

and ethanol is vital in the production of kombucha tea. 
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The dual relationship can act as an antimicrobial agent 

against pathogenic bacteria (Mousavi et al., 2020). This 

component is also responsible for vinegar's acidic odour 

and flavour. There was research that showed acetic acid 

progressively increasing to 11 g/L at 30 days of 

fermentation and gradually decreasing to 8 g/L after 60 

days of fermentation. This occurs owing to the use of 

acetic acid as a carbon source for bacteria in kombucha 

when the substrate in the combination, sucrose, has been 

depleted, or due to a reduction in ethanol metabolism by 

yeast due to low pH (Chen and Liu, 2000). 

 

6. Alcohol content 

Generally, Muslims are required to follow specific 

dietary laws and practices which say which foods are 

permissible or prohibited for consumption based on the 

Quran and Sunnah. Malaysia was one of the pioneers in 

creating halal food laws in the early 1980s which has 

become the baseline for other countries in establishing 

halal food laws (Riaz and Chaudry, 2003). Among these 

prohibited foods and drinks, the use of alcohol is one of 

the most controversial and arguable issues on various 

platforms (Al-Mazeedi et al., 2013; Ahmad et al., 2014). 

As mentioned in the above content, alcohol is one of the 

products in the fermentation process even during the 

second phase of fermentation which involves yeast and 

more specifically ethyl alcohol or ethanol which is 

colourless, highly volatile and has a density lower than 

water (Rasu Jayabalan et al., 2014; Hendriks, 2020; 

Laureys et al., 2020). Ethanol is a hygroscopic liquid 

which usually not 100% pure and has a chemical 

structure of two carbon atoms which bond with the 

hydroxyl group. As mentioned above, the production of 

the chemical component in Kombucha tea mostly 

depends on multiple factors such as the symbiotic culture 

used for the fermentation process, the duration of 

fermentation, sucrose content and the type of tea used. 

There is specific guidance on the manufacturing of 

kombucha tea due to excessive production of ethanol 

which may be hazardous for consumption. This is due to 

incomplete fermentation of residual sugars and ethanol, 

the presence of flavouring agents which contain sugar 

which will interrupt the fermentation stage and the 

absence of pasteurization of the final fermented product 

which allows the survival of yeast (Mcintyre and Jang, 

2020). One of the methods to avoid over-production of 

alcohol is by adding inhibitors such as sodium benzoate 

or potassium sorbate before bottling Nevertheless, there 

is still a lack of scientific information related towards the 

concentration of ethanol throughout the years. 

Most of the studies that have been done to prove the 

availability of alcohol in kombucha tea mostly contain 

0.5-0.7%. Based on the discussion between the expert of 

Halal Products Research Institute, Universiti Putra 

Malaysia (UPM), with Fatwa Committee of the National 

Council for Islamic Affairs Malaysia, has reached a new 

agreement related to alcoholic beverages. From that 

discussion, it stated that beverages which are produced 

without the intention of producing alcohol are still 

permissible to drink if the alcohol level is below 1%(v/v) 

and foods or drinks containing natural alcohol such as 

fruits, nuts or grains and its juice, or alcohol produced as 

a by-product during the manufacturing process of food or 

drink is not najs and permissible to be eaten or drink 

(Arshad and Mokhtar, 2018). From that agreement, it 

shows that most Kombucha tea production is still 

permissible for consumption if the level of ethanol does 

not exceed 0.5% ABV and any food or drinks which 

contain natural alcohol as a by-product during the 

production of the product is considered as not najs and 

permissible to consume (Arshad and Mokhtar, 2018). 

Few kinds of research have been conducted to evaluate 

the quantity of ethanol in Kombucha drinks, and the 

majority of them reveal an average of 0.5% ABV. One 

research found that the ethanol content in green and 

black tea Kombucha tea was roughly 0.2-0.3% on the 

15th day (Kallel et al., 2012). Another study has been 

conducted by Chakravorty which focuses on black tea 

kombucha. That study shows an increase in ethanol 

concentration with a maximum value of 0.028% on the 

7th day, followed by a decrease to 0.0073% on the 21st 

day and this phenomenon may be due to the presence of 

acetic bacteria thus the production of acetic acid 

(Chakravorty et al., 2016). The analysis to investigate 

the concentration of ethanol in kombucha tea also 

involves different temperature conditions during the 

production period and it shows higher ethanol content 

which reached 1.1% at 25℃ (Neffe-Skocińska et al., 

2017). There is one study which analyses the ethanol 

concentration after bottling or packaging. From the 

study, it shows an increase in ethanol concentration from 

7-14 days with a maximum amount of 1.57% and it may 

be due to the production of carbon dioxide which is one 

of the main by-products of the fermentation process in 

kombucha tea production which accumulate thus inhibit 

the conversion of ethanol to acetic acid (Nummer, 2013). 

In other conditions in which the tea is being stored at 4℃ 

temperature, the ethanol level will increase and remain 

unchanged on the 14th day which supports the 

hypothesis that refrigeration does help to stabilize 

alcohol production and microbial metabolism (Bamforth, 

2014). The concentration of ethanol in kombucha tea 

may be low and may not be aware by the consumer. 

Nevertheless, this still can be considered as dangerous to 

people who are pregnant and have younger children. 

Children particularly smaller-weight infants and toddlers 

have a lower tolerance to alcohol which eliminates 
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alcohol from their body system due to their liver not 

metabolising ethanol as efficiently as an adult which can 

cause rapid alcohol intoxication which leads to 

hypoglycemia. For pregnant women, it is medically 

advised to abstain from consuming alcohol to avoid fetal 

alcohol spectrum disorder which can harm the baby 

(Chudley and Longstaffe, 2010; Mcintyre and Jang, 

2020). In term of method to determine the concentration 

of alcohol in kombucha tea is different compared to 

other alcoholic beverages due to the low concentration of 

ethanol which is less than 5% ABV. The refractometer 

method and hydrometer method is one of the common 

methods used in the beer and wine industry but it only 

can provide an approximate of alcohol in kombucha tea 

and it is not recommended. The method uses headspace 

gas chromatography (GC) with flame ionization 

detection (HS-GCFID) or mass spectrometry (HS-

GCMS) which is a more accurate detection due to its 

ability to eliminate other compounds (Mcintyre and Jang, 

2020). 

 

7. Health benefits of kombucha tea 

Kombucha's protective ability mainly comes from 

the presence of organic acid and antioxidant compounds 

found during microbial fermentation which effectively 

fight against free radical scavengers (Chakravorty et al., 

2016; De Miranda et al., 2021). High concentration of 

phytochemical components mainly phenolic compounds 

in Kombucha tea plays an important role in the 

protective characteristic of the beverage towards the 

consumers. Furthermore, they serve critical roles in the 

prevention of various major diseases associated with 

oxidative stress, including cardiovascular disease, 

cancer, and neurological disorders (Manach et al., 2004; 

Leal et al., 2018). Generally, it assists in the production 

and activity of most enzyme and cell receptors which 

resulting a defense mechanism against oxidative stress 

caused by reactive oxygen species (Tsao, 2010; Bakar et 

al., 2018; Leal et al., 2018). An in vivo study has been 

done which proves the reduction in glycosylate 

haemoglobin (HbAIc) and increase in plasma insulin, 

haemoglobin, and tissue glycogen levels in diabetic rats 

which have been induced with lyophilized black tea 

kombucha over 45 days of treatment (Srihari, 

Karthikesan, Ashokkumar et al., 2013; De Miranda et 

al., 2021). A noticeable drop in enzymatic activities such 

as glucose-6-phosphatase, fructose-1, 6-bisphosphatase, 

and hexokinase, which are the main enzymes responsible 

for the control of glycolysis and gluconeogenesis in liver 

and muscle, was also observed, implying that kombucha 

has the potential to act at multiple points in the glucose 

regulatory pathways (Srihari, Karthikesan, Ashokkumar 

et al., 2013; De Miranda et al., 2021). Another study 

shows a potential antidiabetic effect of kombucha tea in 

diabetic rats which was reduced by approximately 56.4% 

after 14 days of treatment with kombucha extract 

(Bhattacharya et al., 2013). Another recent in vivo study 

which involves rats and mice proved that kombucha tea 

may consist of healthy prophylactic and recovery effects 

through multiple processes such as immune stimulation, 

detoxification, antimicrobial activity and antioxidant 

component (Baschali et al., 2017). One study compared 

black tea kombucha and enzyme-processed tea with 

fungus against CCl4-induced hepatotoxicity in rats due 

to the antioxidant produced during the fermentation 

process and the result shows that black tea kombucha 

was more efficient (Baschali et al., 2017). 

Cancer is one of the most common causes of today’s 

worldwide death which is still being managed by 

anticancer drugs. A new alternative to reduce the chance 

of getting cancer would be beneficial (Abu Bakar et al., 

2015; Gholami, 2017). The Russian Academy of Science 

in Moscow and the Central Oncological Research Unit in 

Russia have done research and they have proven that this 

beverage contains beneficial components to inhibit 

cancer cells (Kapp and Sumner, 2019). Complications 

related to more severe diseases mostly diabetes and 

cancer mainly related to oxidative stress and radical 

scavengers which in turn can be suppressed or 

minimized with the presence of bioactive compounds 

(Srihari, Arunkumar, Arunakaran et al., 2013; De 

Miranda et al., 2021). A study which involves diabetic 

rats induced by streptozotocin shows a reduction in 

glycosylated haemoglobin, and tissue glycogen levels 

when being treated with black tea kombucha after 43 

days of treatment (Srihari, Karthikesan, Ashokkumar et 

al., 2013). It shows a great reduction of enzymes which 

are mainly responsible for glycolysis and 

gluconeogenesis in the liver and muscle. Another result 

shows that kombucha tea exerts an antidiabetic effect in 

alloxan-induced diabetic rats when it shows a significant 

reduction in blood glucose by 54.6% after being treated 

with kombucha extract for 14 days (Srihari, Karthikesan, 

Ashokkumar et al., 2013). A study compared black tea 

kombucha tea and green tea kombucha tea towards 

cancer cells and it favours green tea kombucha tea due to 

reducing abilities towards GI50 values mostly it can be 

explained by a higher amount of catechins compound 

and the presence of verbascoside (Cardoso et al., 2020). 

Catechins compound has already known for their 

great potential for protection against the development of 

specific cancer cells by disrupting the process of the 

development of cancer cells by inhibiting the enzymatic 

process (Yang and Wang, 2016; Ali et al., 2020) while 

verbascoside have a potential to inhibiting cell growth 

and promote apoptosis in in vitro and in vivo models 
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which also have the potential as a therapeutic agent in 

human (Zhang et al., 2018). 

Tea polyphenols also have been proven to be the 

most impact towards anticancers by inhibiting the 

propagation of cancer cells (Rasu Jayabalan et al., 2011, 

2014). The other beneficial chemical component such as 

vitamin C, glucuronic acid, gluconic acid, and lactic acid 

also helps in diminishing the incidence of stomach 

cancer (Xia et al., 2019). The US Food and Drug 

Administration confirmed that there is no harmful effect 

of this product by conducting an in vivo study in mice for 

3 months (Mousavi et al., 2020). The ability of 

kombucha tea as an antiproliferation agent has been 

proven in several human tumour cells such as HeLa cells 

(epithelial carcinoma of the cervix), HT-29 

(adenocarcinoma of the colon), MCF-7 (breast 

adenocarcinoma), Hep-2 (human laryngeal epidermoid 

carcinoma), PC-3 (prostate cancer) (Srihari, Arunkumar, 

Arunakaran et al., 2013), RD (human 

rhabdomyosarcoma-derived cell line), Hep2c (HeLa-

derived human cervical carcinoma- derived cell line), 

A549 (pulmonary adenocarcinoma), HCT8 (human 

ileocecal colorectal adenocarcinoma), and Caco-2 

(colorectal adenocarcinoma) (Uțoiu et al., 2018; Vitas et 

al., 2018; Cardoso et al., 2020; De Miranda et al., 2021). 

Even though kombucha fermentation does not 

undergo a complicated pathway, it does produce several 

beneficial compounds which in this issue are catechin 

and polyphenols. Polyphenols have the ability to 

scavenge free radical’s reactive oxygen species (ROS) 

which resulting kombucha tea as a potent antioxidant 

agent. There is a student who has proven that the 

presence of complex phenolic compounds in an acidic 

environment can lead to the splitting of large and 

complex molecules into smaller molecules which 

increases the amount of phenolic compounds in 

kombucha tea (Srihari and Satyanarayana, 2012; 

Mousavi et al., 2020) 

Even though the presence of yeast and bacteria is 

one of the primary ingredients of kombucha tea, it is also 

has been proven that kombucha tea has a supreme 

antimicrobial effect on a wide range of microorganisms 

including Gram-negative bacteria and Gram-positive 

bacteria (Vohra et al., 2019; Dufresne and Farnworth, 

2000). Pseudomonas aeruginosa, Agrobacterium 

tumefaciens, Helicobacter pylori, Enterobacter cloacae, 

Salmonella enterica serovar Enteritidis, Escherichia coli, 

Yersinia enterocolitica, Candida albicans, Shigella 

sonnei, Campylobacter jejuni, and Staphylococcus 

aureus are only a few of the microbes which already 

being proven to effected by kombucha tea regarding their 

growth rate (Ahmed and Dirar, 2005). Protein and acetic 

acid found in kombucha have antibiotics that lead to an 

increase in antimicrobial performance which can also 

lead to utilized as an agent to reduce the pathogens 

associated with human illness (St-Pierre, 2019). 

 

8. Conclusion 

In terms of its various uses, it has been suggested 

that Kombucha tea consists and can be a source of 

bioactive compounds which can be beneficial towards 

consumers including lowering blood pressure, improving 

digestion, and managing arthritis. It can also be used for 

treating various serious illnesses such as cancer and 

diabetes. It is also claimed that this drink can help 

maintain a healthy weight loss and reduce the risk of 

various diseases. It can also help in the recovery of 

haemorrhoids and reduce the symptoms of various 

infections. Despite the numerous articles claiming that 

kombucha has miraculous effects, further studies are still 

needed to confirm these claims. Also, its main 

fermentation inoculum, SCOBY, is not well understood 

to date. An excessive amount of toxins, such as 

cyanogenic glycosides and phytates, can occur during the 

fermentation process of Kombucha. Although many 

countries have regulations for the production of high-

volume products, such as Kombucha, they do not seem 

to be sufficient for the development of novel compounds. 

Various approaches have been suggested for organizing 

an assembly of experts. However, these approaches are 

still not yet fully explored and several methods can be 

implied to improve the outcome. 
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