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Abstract: Nowadays people chose their food and drinks carefully as they are aware of the role of their 

diet in staying healthy. Human beings are looking for safe, healthy food to get the essential nutrients 

and have health effects simultaneously. Kombucha, a unique drink, is claimed to have various beneficial 

effects,  and the antioxidant activity is one of the most important ones. Kombucha is mainly based on 

black and green tea and sugar, but meanwhile, it has been produced by many additional raw materials 

such as fruit peels, rice, wheat, barley, and honey to add nutritional value and consumer acceptance. 

This review paper describes the fermentation, biochemistry, and microbiology of kombucha, and also 

the chemical composition of kombucha was explained along with the main factors affecting the 

properties of kombucha. This study reviews all aspects of kombucha's antioxidant properties and 

mentioned the main factors affecting its antioxidant activity. 
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1. Introduction 

Recently the herbal drink consumption has increased all over the world due to having 

beneficial health impacts. These beverages are prepared from plant material, placing a small in 

freshly boiled water. Among all, black and green tea are the most popular ones [1]. Tea is 

cultivated in many parts of the world, in nearly 30 countries, and is popular after water [2]. 

Many studies have been proved the antioxidant effects of tea.  Polyphenols and catechins are 

the most important antioxidants in tea that belong to the flavonols group [3,4]. Polyphenols are 

notable for their high antioxidant traits [2,5]. Polyphenols make up nearly 30% of the tea 

leave’s dry weight [6]. Tea leaves are a  suitable substrate for fermenting kombucha [7,8]. 

Kombucha is a traditional fermented beverage with a history from the East, and now it is quite 

well known globally [9-10]. 
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2. Kombucha Tea 

 2.1. History of kombucha. 

More than 2,500 years ago, Manchuria's people invented a fermented beverage with a 

sweet and sour taste that soon became popular throughout China. By traveling this beverage to 

Japan, they called it kombucha, which comes from Kombo that means algae, and cha which 

means tea [11]. By the expansion of trade routes, kombucha tea found its way to migrate around 

the world, and it soon spread all over the world [11]. Kombucha fermented tea belongs to the 

family of fermented or processed foods, such as yogurt, vinegar, and cheese, consumed for 

their benefits for centuries. In general, fermented food results from microorganism’s activities 

that make changes in the taste, nutritional value, and digestibility of the primary food [12]. 

Kombucha results from the symbiosis of a group of eukaryotic such as yeasts and prokaryotes 

such as bacteria, which are grown in a suitable environment such as sweet tea. These 

microorganisms would produce various useful compounds while growing and multiplying in 

the sweet tea culture medium [13].  

2.2. Preparation method of kombucha tea. 

Black and green tea sweetened with sucrose is the most common substrates for this 

fermented drink. The amount and size of the Symbiotic Community of Bacteria and Yeast 

(SCOBY) may also vary in the formulation. A standard preparation method for kombucha tea 

was described in Fig 1 [14]. In this method, 50 to 70 g of sucrose is dissolved in 1 liter of 

boiling water, then the black or green tea leaves are added, and after 5 minutes, the leaves are 

removed by using a filter. In the next step, the SCOBY culture of kombucha and a cellulose 

layer is added to the solution. It is covered with a clean cloth and remained for 8-14 days in a 

dark place for a complete fermentation [14]. 
 

Adding sugar to the boiling water 

Adding the black or green tea leaves and continue boiling 

Removing the leaves after 5 minutes 

Adding the SCOBY culture of kombucha and a piece of cellulose layer 

 

Covering with a clean cloth to start the fermentation level for 8-14 days  

Figure 1. A schematic process for the production of kombucha drinks. 

2.3. Fermentation and biochemistry of kombucha. 

The traditional substrate for  kombucha’s fermentation is black or green tea extract with 

5 to 8% sucrose.  The sweetened tea with sugar is usually used to produce kombucha. Sucrose 

is the main carbon source in this process [15]. The sucrose in tea is hydrolyzed to fructose and 

glucose by the invertase produced by the yeasts in kombucha. First, glucose is converted to 

ethanol and carbon dioxide by yeasts [16]. Then ethanol is converted to acetic acid by 

acetobacteria. This is the main fermentation route of kombucha; ethanol, gluconic acid, and 

acetic acid are the main kombucha tea products [17]. The important metabolic activity of 

kombucha tea is shown schematically in Fig 2 [18]. 
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Figure 2. The main fermentation route of kombucha. 

2.4. Microbiology of kombucha. 

Kombucha is a symbiotic mass of bacteria (often acetobacter) and osmophilic yeasts 

and is a flat, smooth and dense plate. Some new layers are created on the first plate during the 

fermentation process that would be separated from the previous layers. First, the fungus forms 

a layer on the tea's surface that gradually thickens later [19-22]. Bacteria such as Acetobacter 

xylinum, Acetobacter xylinoide, Acetobacter aceti, Acetobacter pasteurianus, Bacterium 

gluconicum, and yeasts like Zygosaccharomyces bailii, Schizo saccharomyces pombe, 

Saccharomycodes ludwigii, Berttanomyces bruxellensis, Candida kefyr, and Pichia sp. have 

been isolated from this biomass [23-27].  

2.5. Chemical composition of kombucha. 

There are many chemical compounds in kombucha drink such as acetic, folic, lactic, 

carbonic gluconic, glucuronic, oxalic, malic and citric acids, vitamin C, B1, B3, B12 as well as 

main tea components such as catechins, tiaflavin, and flavonols, and some enzymes including 

invertase, amylase and other oxidative enzymes [28]. Usnic acid is one of the natural antibiotics 

in kombucha, which has antibacterial and antiviral properties. It is effective against gram-

positive bacteria such as Enterococcus faecalis and Staphylococcus aureus and [29, 30].  

2.6. Antioxidant activity of kombucha. 

Polyphenols make up nearly 30% of the fresh tea leaves dry weight. The famous 

polyphenols in tea are epigallocatechin, epicatechin. Kombucha’s free radical scavenging 

activity is higher when brewed with green tea [6]. The breakage of complex molecules in 

kombucha tea occurs when the enzymes are released by bacteria and yeast and affect the 

phenolic compounds. The total phenolic compounds in tea are increased. Therefore, the total 

phenolic content improves after fermentation [2]. However, an excessive increase in 
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fermentation time is not appropriate because the accumulation of organic acids can adversely 

affect kombucha tea [2]. This fungus has strong antioxidant properties, reducing the degree of 

fat oxidation and preventing DNA fragmentation [10].  

Like black tea, kombucha contains polyphenols and other compounds with antioxidant 

power, but it has more beneficial effects than regular black tea due to fermentation. Food 

experts have found that the kombucha’s antioxidant activity is more than vitamin C and E. 

Therefore, it would help in chronic disease treatment caused by oxidative stress. ” 

‘’kombucha’s high antioxidant power prevents body cells damage, inflammatory diseases, 

immune system failure, and cancerous tumor formation [13, 15, 31]. The chemical structure of 

some of the polyphenols in kombucha tea is shown in Fig 3 [32]. 

Figure 3. The chemical structure of some polyphenols in Kombucha tea. 

3. Measuring Antioxidant Activity 

3.1. Cuprac assay. 

The Cuprac assay (Cupric Antioxidant Capacity Reduction) is a new method to measure 

the total antioxidant capacity (TAC) of hydrophilic and hydrophobic samples. The main 

reagent, copper (II)-neocoprovin (2,9-dimethyl-10,1-phenoltroline), can oxidize the 

antioxidants that make the color product. Chelating with neocoprovine allows a faster reaction 

by increasing the redox potential of the reagent. This method causes oxidation-reduction 

between the Cupric reagent and antioxidants having a thiol group like glutathione. As shown 

in Fig 4, in the Cuprac process, the reagent reduces itself and forms a chelate complex of copper 

(I) -neocoprine, which produces a measurable color at 450 nm [33].  
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Figure 4. Cuprac reagent reduction reaction. 

3.2. DPPH method. 

Bluis established this method in 1958 as determining the antioxidant activity in a 

sample using alpha-diphenyl beta-picryl hydrazyl (DPPH) [34]. The method is based on 

measuring the removal capacity of antioxidants. The electron of nitrogen in DPPH is reduced 

to the hydrazine by receiving hydrogen atoms from antioxidants (Fig 5) [35]. 

 

Figure 5. The DPPH radical inhibitory capacity. 

4. Review of Previous Researches 

The published studies of main variables affecting the antioxidant activity and invertase enzyme 

in kombucha drinks over the last 10 years are given in Table 1.              

           Bolverdi et al. [36] investigated kombucha drinks with inulin and compared them with 

the sugar prepared samples. Kombucha with inulin had higher pH, lactic acid content, soluble 

protein content, and antioxidant activity. Therefore, using inulin as a substrate for kombucha 

cultivation would shorten the fermentation time, and a drink with higher pH can be produced. 

The ability of kombucha drinks made from green and black tea for inhibiting free 

radicals was measured. It was revealed that total phenolic compounds, inhibitory activity on 

DPPH, and hydroxyl radicals increased with increasing the fermentation time, while the lipid 

peroxidation ability was decreased [6, 37]. 
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Malbasa et al. [38] evaluated two culture starters' effect (combined culture of acetic 

acid and Zygosaccharomyces, the combined culture of acetic acid and Saccharomyces 

cerevisiae) on the antioxidant activities of green and black tea kombucha. They assessed their 

ability to remove hydroxyl radicals and DPPH. The highest antioxidant activity was observed 

in black and green kombucha tea containing acetic acid along with Zygosaccharomyces. 

In another study, the antioxidant and polyphenolic activity of coffee-fortified 

kombucha was investigated. The solution's pH was initially 6.8, and on the first day, it was 4.5, 

finally, on the fourth day of fermentation, it reached 3.5. Free radical scavenging activity of 

DPPH increased over time. IC50 in coffee-fortified kombucha ranged from 26.13 to 170.23 μl 

/ ml [39]. 

Velicanski et al. [9] Measured kombucha's antioxidant and antimicrobial activity with 

sweetened lemon balm and compared it with traditional kombucha. Rosmarinic acid is the 

phenolic compound index in this tea. The IC50 level in samples containing sweetened lemon 

balm was lower than traditional samples and increased from 27.1 on 1st day to 30.2 on day 7th 

day, and in the traditional kombucha, it increased from 72.3 to 91.2. 

In another study, the antioxidant activity and amount of polyphenols in five kombucha 

tea types during 5 days were determined. Rooibos and Sri Lankan black tea had the highest 

amount of total phenols before the fermentation process, while black, oolong, and Chinese 

green tea had the least amount of phenolic compounds. Rooibos, Sri Lankan black tea, and 

Chinese green tea significantly increased total phenol content from the first day of 

fermentation. Rooibos and Sri Lankan black tea had the highest total phenol content at the end 

of the analysis period [40]. 

In another study, Lobo et al. [41] compared the antioxidant properties and bioactive 

compounds produced by black and kombucha tea. The results showed higher levels of 

antioxidants and bioactive compounds in kombucha tea than black tea. 

The antioxidant activity was evaluated in kombucha drinks with enhancing the 

fermentation time. The highest antioxidant activity (93.79%) was observed on the 7th day of 

fermentation. The antioxidant activity decreased slightly and reached 93.56% on the 11th day 

of fermentation by enhancing the fermentation time. The color of the drink was dark brown at 

the beginning of fermentation that became lighter over time due to the color decomposition by 

microorganism’s activity. The samples' pH decreased during fermentation (from 5.93 on the1st 

day to 3.65 on the 11th day) [42].  

Amarasinghe et al. [5] evaluated the antioxidant activity of four kombucha black tea 

samples with different concentrations over two months. The pH of the samples decreased 

significantly during fermentation, and the samples with higher concentrations of kombucha 

showed higher antioxidant activities. The antioxidant activity of the samples reduced 

significantly after the two-month fermentation period. The results revealed that the 

fermentation period's excessive increase increases the organic acids and makes the drink 

undesirable. 

A comparative study was performed on the antioxidant, microbiology, and 

biochemistry activity in kombucha tea made from green, black, and rooibos  tea. The number 

of polyphenols and antioxidant activity increased over the fermentation time in all three 

samples, and both were reached the highest level in green tea on the 7th day [19].  

Ahmed et al. [43] studied the biological, chemical, and antioxidant properties of three 

kombucha types made with black tea, rice, and barley. The free radical scavenging ability of 

DPPH in tea, barley, and rice kombucha was 86.69%, 76.19%, and 36.04%, respectively. The 
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total phenolic content of kombucha made from black tea was nearly 3 times more than rice and 

barely kombucha samples. 

Also, Jakubczyk et al. [44] observed the biochemical profile and antioxidant activity in 

kombucha samples made from green, black, white, and red tea. The fermentation time affected 

the free radical scavenging properties of kombucha. The analysis of antioxidant potential in 

samples showed that the amount of antioxidant compounds was between 94.61 to 94.94% of 

DPPH radical inhibition. 

Recently, a research team has investigated the impact of kombucha incorporation with 

or without starter culture on yogurt characteristics (including pH and titratable acidity) during 

incubation and cold storage [45, 46]. They showed an increase of the kombucha concentration 

in all samples, elongated the fermentation period (p<0.05), Also during the storage, decrease 

of pH and increase of acidity were minor  (p<0.05), and with raising the kombucha 

concentration, these changes were significantly less than control sample (p<0.05).  

In a study, the purification and isolation of some microorganisms from kombucha were 

evaluated by using molecular and phylogenetic methods. The antioxidant activity was 

measured using DPPH radical inhibition, and it was improved over time [47].  

 

Table 1. The published studies of main variables affecting the antioxidant activity and invertase enzyme in 

kombucha drink over the last 10 years (2010–2020). 

Influenced Factors Media/ Levels Ref. 

Carbon source Sucrose, Honey [48, 49] 

Carbon concentration 5-10 % [41, 50] 

Nitrogen source Black and green tea [41, 50] 

Nitrogen concentration 5-8 gr/L [49, 50] 

Temperature 24-29 ° C [14] 

pH 3-5 [38] 

Fermentation time 7-14 days [41, 50] 

Antioxidant inducers Banana peel,  
Cherry juice, Coffee 

[39, 51, 52] 

Invertase inductor Orange peel-yeast  [53] 

Starter culture Acetic acid bacteria and Saccharomyces cerevisiae  [38] 

Inoculation rate 5-10 % [38] 

 

In this regard, a most recent paper conducted by Jafari et al. [47] conducted the most 

comprehensive research about all possible process variables on antioxidant and invertase 

properties of kombucha. They reported the main variables for antioxidant activity were 

temperature (29°C), sucrose concentration, inoculation rate, orange peel as invertase inducer, 

fermentation time 14 days, the most effective factors on increasing antioxidant activity in 

solution. 

5. Conclusions 

 Given the changes in human lifestyle ’” ’today’s world and the increase in diseases 

caused by oxidative stress, the simplest and most effective way to overcome this problem is 

consuming foods with high antioxidant properties in the daily diet. Kambucha is a useful 

fermented beverage rich in antioxidants such as polyphenols and flavonoids. Sensory 

acceptance and antioxidant capacity have been the main goal of different studies in kombucha 

beverages; among them, the majority has been oriented on its antioxidant properties. Also, as 

the type of microbial population, as well as their viability in the beverage, affects the 

bioavailability of chemical compounds, the sensory properties, and the overall acceptance, 

determination of its microbial population has been one of the important aims of many types of 
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research. Yeast and acetic acid bacteria are major organisms found in kombucha. Among all 

the reported yeasts, Saccharomyces cerevisiae is the most promising species to meet the 

fermentation market's needs due to the lower levels of ethanol, biogenic amines, and volatile 

acid production. Besides, as enzymes including invertase, amylase, and oxidative enzymes are 

produced by microorganisms present in kombucha, induction of these enzymatic activities 

makes this beverage more suitable for specific consumers such as diabetic patients. 

Further research on kombucha's sensory properties would lead to a better production 

process and, therefore, quality. Many studies have also observed and reported the effect of 

incorporating additives like juice to increase the antioxidant potentiality of this amazing 

fermented beverage. The literature review shows that some process variables influence the 

antioxidant properties of kombucha. The pH of kombucha decreased during fermentation, and 

meanwhile, the antioxidant activity increased. Also, Invertase activity was enhanced during 

fermentation, and the antioxidant activity increased with enhancing the invertase activity in 

kombucha tea. This would make this value more useful for diabetic patients as the antioxidant 

properties would improve during fermentation.  

Further research on the sensory properties of kombucha would lead to a better 

production process and subsequent quality. More studies are needed to investigate bacterial 

and yeast species' populations in different tea samples using flow cytometry or specific 

markers. Also, more research is needed to develop Kombucha beverages in -free forms for 

those forbidden to consume them due to religious or medical reasons. 
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