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The aim of the present study was to determine the microbial composition, antioxidant activity, and content of
phytochemicals in prepared kombucha tea beverage. Microbiota was identified by MALDI-TOF mass spectrometry,
antioxidant activity of beverage was tested by ABTS and phosphomolybdenum method, the total content of
phytochemicals (polyphenols, flavonoids, and phenolic acids) was measured by colorimetric methods. The major
phenolic acids, flavonoids, and methylxanthines were detected by high performance liquid chromatography (HPLC).
Candida krusei, Sphingomonas melonis, Sphingomonas aquatilis, Brevibacillus centrosporus, and Gluconobacter
oxydans were the most abundant microorganisms. Antioxidant activity of kombucha tested by ABTS and
phosphomolybdenum method was 1.16 mg TEAC/ml and 2.04 mg TEAC/ml, respectively, which values were
higher than in black tea 0.67 and 0.81 mg TEAC/ml, respectively. Also, content of total polyphenols (0.42 mg GAE/
ml), flavonoids (0.13 mg QE/ml), and phenolic acids (0.19 mg CAE/ml) was higher in kombucha than in black tea
(0.18 mg GAE/ml; 0.02 mg QE/ml; 0.05 mg CAE/ml, respectively). Gallic, chlorogenic, syringic, and protocatechuic
acids, and rutin and vitexin from flavonoids were dominant in kombucha beverage detected by HPLC. Strong
difference in caffeine contents, 217.81 ug mi~! (black tea) and 100.72 pg ml™! (kombucha beverage), was observed.
The amounts of theobromine were similar in black tea and kombucha, but theophylline was detected only in black
tea in trace amount (0.52 pg ml’l).
Keyword: black tea, tea fungus, flavonoids, phenolic acids, methylxanthines

Kombucha is a popular beverage consumed throughout the world. This health-promoting
drink is a result of biotransformation of sugared tea by yeasts, fungi, and acetic acid bacteria
(Fu et al., 2017). The word ‘kombucha’ is derived from Japanese ‘seaweed’ (kombu) and
‘tea’ (cha). Microbial composition of kombucha depends on the original microbiota,
geographic and climatic growth conditions, and the yeasts and bacteria species used (MALBASA
et al.,, 2014). Acetobacter xylinum is the most abundant among bacteria, while
Zygosaccharomyces, Schizosaccharomyces, Candida, and Pichia are the predominant yeast
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species (Fu et al., 2017). Cultivation of kombucha beverage is preformed aerobically usually
for 7-10 days under household conditions (EssaweT et al., 2015). The sweetened black tea or
green tea is the main substrate of the beverage, but herbal teas can be used also (Fu et al.,
2017). Acetic and lactic acid bacteria produce a variety of bioactive compounds during
fermentation, which supplement the functional properties of kombucha established by tea
polyphenols, sugars, organic acids, ethanol and water soluble vitamins (AMARASINGHE et al.,
2018). Consumption of kombucha has been shown to have beneficial effects on gastric,
intestinal, and glandular activities, treatment of arteriosclerosis, toxin excretion, diabetes,
nervousness, and aging problems (MaLBa3A et al., 2014). The main objective of the present
study was to investigate microbial composition, antioxidant activity, and phytochemical
composition of kombucha beverage prepared under laboratory conditions.

1. Materials and methods

1.1. Preparation of kombucha tea beverage

Kombucha culture was obtained from the local inhabitants of Liestany, Slovakia, and was
maintained in sugared black tea. The tea infusion was prepared traditionally by boiling 1 I of
distilled water with 30 g of white sugar and 5 g of black tea leaves (Darjeeling, India) for 5
min and left to steep for 15 min. The sweetened tea was strained to remove the leaves while
transferring to a sterile glass jar (2 1). After cooling to 22 °C, the tea was inoculated with the
kombucha culture (pellicle). The jar was covered with paper towel. Fermentation was
conducted at 22 °C for up to 7 days. In order to study the effect of multiple replicate
fermentations on the quality characteristics of kombucha tea, procedure was prepared three
times with the same conditions.

1.2. Chemicals

All chemicals used were of analytical grade and were purchased from Sigma-Aldrich (USA)
and CentralChem (Slovakia).

1.3. Microbial analysis of kombucha tea beverage

An amount of 5 ml of kombucha tea beverage was diluted with 45 ml of sterile physiological
saline (0.85%), and stirred on a horizontal shaker for 30 min to achieve a tenfold dilution.
Plate count agar (PCA) (Oxoid, UK) for bacteria, Malt extract agar base (MEA) (Oxoid, UK)
supplemented with bromocresol green (0.020 g 1) for yeasts were inoculated with 0.1 ml of
suspension. Bacteria were incubated at 37 °C for 24-48 h and yeasts at 25 °C for five days.
Growing colonies were recultivated on TSA at 30 °C for 48 h (Tryptic Soya agar, Oxoid, UK)
and used for identification with MALDI-TOF MS (KacANiova et al., 2017).

1.4. Sample preparation and identification with MALDI-TOF MS measurement

One colony of each isolate was transferred into an Eppendorf vial and mixed with a 300 pl of
sterile water. After addition of ethanol (900 pl), the suspension was mixed and centrifuged
(13 000%g, 2 min). The supernatant was removed and the pellets were dried at room
temperature at least for 5 min. The pellets were resuspended in 2050 ul of formic acid (70%)
and the same amount of acetonitrile. After centrifugation (2 min at 13 000xg), 1 pl of
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supernatant was spotted onto a sample position of a polished steel MALDI target plate and
dried at room temperature. A 1 pl of MALDI matrix (solution of a-cyano-4- hydroxycinnamic
acid (HCCA) in 50% acetonitrile/2.5% trifluoro-acetic acid) was added to the spot and dried.
MALDI-TOF mass spectrometer was used (Microflex™, Bruker, USA) for automated
measurement and data interpretation. MALDI Biotyper 3.0 software was used for profile
mass spectra processing. The logarithm of the score (log[score]) was displayed as the
matching result. The MALDI Biotyper output was a log(score) between 0 and 3.0, which was
calculated from a comparison of the peak list from an unknown isolate with the reference
MSP in the database. A log(score) >1.7 indicated identification at the genus level, log(score)
>2.0 was set as the threshold for a match at the species level. Isolates with >2.0 were accepted
as a correct identification (KACANIOVA et al., 2017).

1.5. ABTS radical cation decolorization assay

ABTS radical cation decolorization assay was determined by the method of Re and co-
workers (1999) with slight modifications. Trolox (100-1000 mg 1"'; R*=0.9991) was used as
standard, and the results were expressed in mg ml™! of Trolox equivalents.

1.6. Reducing power

Reducing power of beverage was determined by the phosphomolybdenum method of PrieTo
and co-workers (1999) with slight modifications. Trolox (10—1000 mg I'!; R>=0.998) was
used as standard, and the results were expressed in mg TEAC/ml.

1.7. Total polyphenol content

Total polyphenol content was measured according to SINGLETON and Rossi (1965) using
Folin—Ciocalteu reagent. Gallic acid (25-300 mg 17!; R>=0.998) was used as standard, and
the results were expressed in mg GAE/ml.

1.8. Total flavonoid content

Total flavonoids were determined using the modified method of WiLLETT (2002). Quercetin
(0.5-20 mg I''; R*=0.989) was used as standard, and the results were expressed in mg QE/ml.

1.9. Total phenolic acid content

Total phenolic acid content was determined using the method of FArRMAkoPEA PoLska (1999).
Caffeic acid (1-200 mg 1"!, R*=0.999) was used as standard, and the results were expressed
in mg CAE/ml.

1.10. Determination of polyphenols and methylxanthines compositions by HPLC-DAD
method

Polyphenols and methylxanthines compositions were determined using separation gradient
method RP-HPLC/UV-DAD by Agilent 1260 Infinity high performance liquid chromatograph
(Agilent Technologies, Waldbronn, Germany). Separation was achieved on a Purosphere
reverse phase C18 column (4 mmx250 mmx5 pm) (Merck, KGaA, Darmstadt, Germany).
The mobile phase for polyphenols consisted of acetic acid in methanol (A) (50/1000 ml); (B)
acetic acid in HPLC grade water (50/1000 ml). The following gradient program was
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employed: 0-5 min isocratic elution (20% A and 80% B), 5-11 min linear gradient elution
(60% A and 40% B), and 80% A and 20% B 11-20 min. The mobile phase for methylxanthines
consisted of HPLC methanol (A) and 0.1% formic acid in HPLC water (B). The following
gradient program was employed: isocratic elution (20% A and 80% B) for 0—2 min, linear
gradient elution (40% A and 60% B) for 2—15 min, and 40% A and 60% B for 15-20 min. The
flow rate was 1 ml min!. Column oven temperature was set to 25 °C, and the samples were
kept at 4 °C in the Peltier sample manager. The DAD signal was received at 220-400 nm with
preferred wavelength 330 nm for quantitative purposes with data acquisition rate of 5 Hz
(Novakova et al., 2010).

1.11. Statistical analysis

The experimental data were subjected to analysis of variance (Duncan’s test) at the confidence
level of 0.05, by the use of software SAS; correlation coefficients were calculated by CORR
analysis (SAS, 2009).

2. Results and discussion

2.1. Microbial analysis of kombucha tea beverage

MALDI-TOF mass spectrometry revealed the presence of Candida krusei, Sphingomonas
melonis, Sphingomonas aquatilis, Brevibacillus centrosporus and Gluconobacter oxydans in
kombucha beverage. Candida sp. was found in a great number as well. RaMADANI and
ABULREESH (2010) isolated and identified Candida guilliermondi, Candida colleculosa,
Candida kefyr, and Candida krusei in local kombucha. A broad spectrum of yeasts has been
reported including species of Saccharomyces, Saccharomycodes, Schizosaccharomyces,
Zygosaccharomyces, Brettanomyces/Dekkera, Candida, Torulospora, Kloeckera, Pichia,
Mycotorula, and Mycoderma (JavyaBaLaN et al., 2014). Kumar and Joshr (2016) described
also presence of Bacterium gluconicum, B. xylinum, Pichia fermentans, and P.
membranaefaciens in kombucha. The predominant acetic acid bacteria found were
Acetobacter xylium, A. pasteurianus, A. aceti, and Gluconobacter oxydans. Gluconacetobacter
sp. A4, which possesses a strong ability to produce D-saccharic acid-1,4-lactone, was the key
functional bacterial species isolated from a preserved kombucha by YanG and co-workers
(2010). An investigation by MarsH and co-workers (2014) indicated that the dominant
bacteria in five kombucha samples (two from Canada, one from Ireland, the United States,
and the United Kingdom) belonged to Gluconacetobacter (over 85% in most samples) and
Lactobacillus (up to 30%) species. Acetobacter was determined in very small numbers (lower
than 2%). Kombucha can be safely prepared by households, without any health risk, if done
correctly. The product is relatively acidic (pH 2.5), which limits the growth of many other
microorganisms, including pathogens.

2.2. Antioxidant activity

Antioxidant activity of kombucha beverage tested by two different methods (ABTS and
reducing power — RP) was compared with the activity of black tea without fermentation.
Results showed that the activity of fermented kombucha tea was several times higher in
comparison with non-fermented black tea (Table 1). Fu and co-workers (2017) tested
antioxidant activity of kombucha tea prepared from black and low cost green teas by DPPH
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and reducing power methods and found the highest activity in low-cost green tea with both
methods. In the study of AMARASINGHE and co-workers (2018), no increase in the activity of
fermented compared to non-fermented black tea was found determined by ORAC and DPPH
methods. PURe and Pure (2016) reported that fermented black tea had higher antioxidant
activity (15.65%) by DPPH method than non-fermented black tea (26.16%). According to
EssaweT and co-workers (2015), the main antioxidants in fermented kombucha tea beverages
were not only tea polyphenols but also some tea fungus metabolites, such as vitamins and
organic acids. The antioxidant ability was determined also by key extracellular enzymes that
were involved in the structural modification of the compounds during kombucha fermentation.
For this reason kombucha fermented tea usually expresses higher antioxidant potential
compared to non-fermented tea.

Table 1. Antioxidant activity and content of total polyphenol, flavonoid, and phenolic acid in kombucha
and black tea samples

Parameter UBT KFBT

ABTS (mg TEAC/ml) 0.67+0.02° 1.16+0.01%
RP (mg TEAC/ml) 0.81+0.11° 2.04+0.09°
TPC (mg GAE/ml) 0.18+0.01° 0.42+0.05%
TFC (mg QE/ml) 0.02:£0° 0.13+£0.01%
TPAC (mg CAE/ml) 0.05+0.01° 0.19+0.02%

UBT: non-fermented black tea; KFBT: kombucha fermented black tea; ABTS: radical cation decolorization assay;
RP: reducing power; TPC: total polyphenol content; TFC: total flavonoid content; TPAC: total phenolic acid content;
mean + standard deviation; different letters in column denote mean values that statistically differ from one another

2.3. Total polyphenol (TPC), flavonoid (TFC), phenolic acid contents (TPAC) and HPLC
analysis

Total polyphenol content in kombucha tea was higher in comparison to non-fermented black
tea (Table 1). Similar tendencies were observed in contents of total flavonoid and phenolic
acid (Table 1). Complex phenolic compounds might be subjected to degradation in the acidic
environment of kombucha and by the enzymes produced by bacteria and yeasts. Degradation
of epicatechin isomers during kombucha fermentation was reported by LoBo and co-workers
(2017). Duenas and co-workers (2007) demonstrated that the bioactive polyphenolic
compounds of lentils were modified by exogenous application of enzymes like phytase,
a-galactosidase, and tannase; their application increased antioxidant activity of enzyme-
treated raw materials. Bacterial and yeast enzymes produced during kombucha fermentation
initiate a degradation of complex polyphenols to small molecules, which could increase the
content of total phenolic compounds. Amoo (2015) reported that kombucha tea, at
concentrations of 2.5 and 5.0 mg ml™', had significantly (P<0.05) higher (r=0.898), 2.4-fold
and 7.3-fold, phenolic content than non-fermented tea. Statistically significant (P<0.05)
regression coefficient was observed in our study for the amount of phenolic compounds and
antioxidant activity determined by ABTS and reducing power method (r= 0.999).

Major polyphenols of investigated samples were identified and quantified by HPLC
analysis. The observed amounts of gallic, chlorogenic, protocatechuic, p-coumaric, and
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ellagic acids were significantly higher (P<0.05; r=0.879) in kombucha tea compared to non-
fermented black tea. Also, EssaweT and co-workers (2015) found higher contents of gallic
acid and isoferulic acid in fermented black tea after nine days of fermentation. These authors
also determined the amounts of catechins in black tea and fermented tea, and found that
catechins and their active metabolites act in diverse ways, subsequently increasing the
versatility of catechins for potential therapeutic interventions. Additionally, four catechins —
epicatechin, epicatechin gallate, epigallocatechin, and epigallocatechin gallate (as well as
other complex polyphenols) — can be biotransformed by the enzymes extracted from tea
fungus cells. Catechins are released from acid-sensitive cells during black tea kombucha
fermentation, which could lead to an increase in polyphenols content of tea. Amounts of
ferulic and syringic acids were higher in non-fermented black tea than in kombucha in our
study. Razak and co-workers (2015) found that ferulic acid can be biologically transformed
into smaller compounds, such as vanillic acid, and so this may be the reason why the amount
of ferulic and syringic acids was higher in non-fermented black tea. Fungal enzymes
contribute to the modification of substrate compositions during fermentation. Amount of
rutin, vitexin, and resveratrol was significantly higher (P<0.05; r=0.987) in kombucha tea
than in non-fermented black tea. In studies of EssaweT and co-workers (2015) and VELICANSKI
and co-workers (2014), higher amount of rutin in kombucha was found in black tea and
kombucha lemon balm tea in comparison with non-fermented tea.

For the methylxanthine group, significant decrease (P<0.05; =0.988) in caffeine content
was observed in our study. The amount of caffeine in black tea was 217.81%1.35 pg ml™!
compared to 100.72+1.58 pg ml! in kombucha tea. Tea infusion caffeine stimulates the
bacterial cellulose synthesis, causing decrease in caffeine content during fermentation. Black
tea contains high amount of methylxanthines, especially caffeine, so it is the most suitable
substrate for preparing kombucha beverages. Significant decrease of caffeine content in
kombucha tea was also observed in the study of CHAKRAVORTY and co-workers (2016).

Table 2. The contents of individual polyphenolic compounds and methylxanthines in tested samples

Parameter (ug ml™") UBT KFBT
Chlorogenic acid 13.44+0.11° 14.86+0.21*
Protocatechuic acid 1.89+0.09* 2.11+0.14*
p-Coumaric acid 0.27+0.02° 0.79+0.01°
Ellagic acid 1.87+0.14° 1.93+0.11°
Ferulic acid 0.47+0.12° 0.330.09°
Gallic acid 25.11+0.18° 30.23+0.26*
Syringic acid 7.92+0.32% 4.5140.25°
Rutin 11.42+0.7° 13.35+0.22°
Vitexin 0.56+0.08" 1.91£0.11°
Resveratrol 0.13+0.14° 0.25+0.01°
Caffeine 217.81+1.35° 100.72+1.58°
Theobromine 30.41+1.47° 29.1140.11°
Theophylline 0.5240.05% nd

UBT: non-fermented black tea; KFBT: kombucha fermented black tea; mean + standard deviation; nd: not detected;
different letters in column denote mean values that statistically differ from one another
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3. Conclusions

Sweetened black tea infusion is a very good medium for kombucha fermentation. Kombucha
beverage showed higher antioxidant activity against ABTS radical as well as reducing power
compared to non-fermented black tea. Also, total amount of polyphenols, flavonoids, and
phenolic acids was higher than that of non-fermented black tea. Bioactive compounds
responsible for antioxidant activity are probably gallic, chlorogenic, protocatechuic,
p-coumaric, ellagic acids, rutin, vitexin, resveratrol, and kombucha metabolites. According
to the results of our study, kombucha beverage can be good alternative medicine material
with health benefits to human body.
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