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THE CONTENT OF BIOLOGICALLY ACTIVE SUBSTANCES AND TOTAL
ANTIOXIDANT ACTIVITY OF BLACK TEA DRINKS AND DECOCTIONS
OF MEDICINAL PLANTS FERMENTED WITH KOMBUCHA
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Abstract: Kombucha is a healthy-fermented beverage traditionally made by fermentation of sweetened
tea with a symbiotic culture of different yeasts and acetic acid bacteria, named also SCOBY - a
symbiotic culture of bacteria and yeast. During the fermentation of glucose, yeast produces ethanol,
which is used by acetic acid bacteria to produce acetic and other acids. The resulting ethanol and acids,
as well as fermentation by-products, provide the original flavor and aroma of the beverage. In this study,
we compared the growth and chemical composition of beverages when growing tea mushroom on a
typical substrate, black tea, and decoctions of two medicinal plants, rose hips and yellow gentian
rhizomes. To obtain the fermented drinks, the “tea mushroom" was grown on 1.3% (w/v) Ahmad black
tea, and plant decoctions from rose hips and gentian roots with the addition of different concentrations
of sucrose (0.5%, 1%, 5%, 10% and 20%) for 14 days. At day 0, 7 and 14 of cultivation, we determined body
mass of the Kombucha and characteristics of fermented beverages (pH, total acid levels, ethanol content,
sucrose concentration, total polyphenols and flavonoids, total antioxidant capacity). The results indicate
that Kombucha grew well on both, its usual substrate -black tea drink and decoctions of medicinal herbs,
rose hips and roots of yellow gentian. According to the growth rate of SCOBY on the tested media, the
samples can be ranked in the following order: rose hips > yellow gentian roots > Ahmad black tea. The
optimal concentration of sucrose in the medium for the development of Kombucha was 5%. During
cultivation, sucrose was gradually fermented by the Kombucha yeast to ethanol, which in turn was used
by acetic acid bacteria to synthesize acetic acid. As a result, an acidification of the pH of the culture
medium was observed. The content of polyphenolic substances in the infusions increased slightly during
cultivation, indicating that Kombucha has a limited ability to synthesize these compounds. The total
antioxidant activity of the infusions decreased during the cultivation on the tea made of rose hips, but it
increased on the decoctions of the roots of yellow gentian on the 14t day of the growth. Thus, not only
phenolic substances determine the antioxidant properties of fermented kombucha beverages.

Keywords: Kombucha, fermentation, yeast, acetic acid bacteria, polyphenols, antioxidant activity,
beverages.

1. INTRODUCTION

Thanks to the development of biotechnology, it is possible to obtain large quantities of
substances useful to humans that are synthesized by living organisms. Natural compounds such as
hormones, enzymes and vitamins are widely used in pharmacology, cosmetics, chemicals, etc. An
important step in biotechnological production is the cultivation of an organism capable of
synthesizing biologically active substances. One of the biotechnologically important objects is
Kombucha. Kombucha (named also SCOBY - symbiotic culture of bacteria and yeast) is a symbiotic
combination of two different types of microorganisms - yeasts (Shizosaccharomyces pombe,
Zygosaccharomyces rouxii, Saccharomyces ludwigii, genera Candida, Torulopsis Psevdosaccharomyces,
Hanseniaspora, etc.,) and acetic acid bacteria (Acetobacter xylinum, Acetobacter suboxydans,
Acetobacteraceti, Acetobacter xylinoides, Bacterium gluconicum) (Villarreal-Soto et al., 2018, Kapp &
Sumner, 2019; Laureys et al., 2020). This symbiotic interaction results in the production of a number
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of useful and essential substances for the human body (Kapp & Sumner, 2019). The fermentation of
tea by Kombucha is a combination of three types: alcoholic, lactic and acetic ones, due to the presence
of several yeasts and bacteria that coexist in the medium (Kapp & Sumner, 2019). The fermented
drink contains vitamins, ascorbic acid, nicotinic acid and pantothenic acid. It also produces ethanol
in the same amount as kefir, as well as caffeine, catechins and carbon dioxide, which prevents the
fungus from sinking (Bishop et al., 2022) This is a very refreshing and thirst-quenching drink in the
hot weather.

The tea mushroom infusion is not only tasty. It is also healthy because it has antibacterial
properties. Thanks to SCOBY, the growth of pathogenic bacteria slows down and some species die
off completely. Kombucha is considered a medicine created by nature itself and is therefore widely
used in alternative medicine (Mousavi et al., 2020). The fermented beverage obtained by cultivating
kombucha has antioxidant and anti-inflammatory potential, and is a very effective treatment for
many diseases of the gastrointestinal tract, atherosclerosis, hypertension, rheumatism, etc. (Mousavi
et al.,, 2020; Bishop et al., 2022).

The production technology, the composition of the microbiota and the production of biologically
active substances are important factors for industrial production of Kombucha. The aim of this study
was to compare the levels of bioactive compounds and antioxidant activity of fermented beverages
when Kombucha was grown in different culture media based on tea and plant decoctions.

2. MATERIALS AND METHODS

Preparation of media and selection of conditions for cultivation Kombucha

To obtain the fermented drink, the "tea mushroom" was grown on Ahmad black tea, and plant
decoctions from rose hip and gentian root with the addition of different concentrations of sucrose
(0.5%, 1%, 5%, 10% and 20%). To prepare the infusion, one Ahmad tea bag (2 g) was used per 1.51
of boiled water (1.3% tea infusion).

Rose hips and gentian rhizomes were crushed before the infusions were prepared. The crushed
raw materials (9 g) were placed in an enamel dish, poured over 0.45 I of boiled water, covered with
a lid and boiled for 30 minutes. The vessel was then removed and allowed to cool to room
temperature. The infusions were then filtered and water was added to the finished filtrate to the
required volume to obtain a 1.3% tea decoction. Sucrose was added to the resulting infusion to
achieve the appropriate concentrations (0.5-20%).

A layer of Kombucha mushroom was transferred to the prepared culture media. After that, for
7-14 days, the SCOBY (symbiotic culture of bacteria and yeast) was cultivated on tea or decoctions
of various medicinal plants. On the seventh and fourteenth day of cultivation, we measured the
mass of the "fruiting body" formed by the fungus, the pH of the medium, the sucrose concentration,
the ethanol concentration, the total polyphenol content, the flavonoid content, the vitamin C content,
and the total antioxidant activity of the infusions.

Mass determination

The mass of the Kombucha mushroom was measured on the seventh and fourteenth day.
Kombucha was carefully removed from the infusion, placed on filter paper to absorb excess liquid,
transferred to a pre-weighed petri dish, and weighed on an electronic balance.

Determination of pH and total acidity of the beverages

The acidity of the medium was measured with a pH meter at the beginning of cultivation (day
0) and then at day 7 and day 14.
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Total acidity was determined by titrating the tea infusion with 1 n NaOH in the presence of
phenolphthalein (Spaska, 2022). Calculations were made considering that 1 ml of 1 n NaOH
corresponds to 0.06 g of acetic acid in 10 ml of the medium.

Determination of sucrose Concentration

To determine the sugar concentration, we used the refractometric method based on the refractive
index of sucrose solutions (Popov, 1971).

Determination of ethanol Concentration

The concentration of ethanol in the solutions was determined by the colorimetric method based
on the interaction with potassium bichromate according to the method described in (Sumbhate et
al., 2012). The method is based on the interaction of ethanol with potassium bichromate in the
presence of sulfuric acid and acetate buffer (pH 4.3) to form a green complex with an absorbance
maximum at 578 nm.

Determination of total polyphenols

The polyphenol content was determined by the titrimetric method based on the oxidation of
tannins by potassium permanganate in the presence of indigocarmine (Mahdavi et al., 2010). The
titration results were compared with the standard Leventhal titration coefficient of 6.4 (1 ml of 0.1 n
KMnO: oxidizes 6.4 ug of rutin).

Determination of flavonoids

The principle of the method is based on the fact that AICls forms stable orange complexes with
the C-4 keto group or the C-3 or C-5 hydroxyl group of flavones and flavanols, which have a
maximum absorbance at 510 nm (Ogura et al., 1968; Bayliak et al., 2016). The experimental samples
were processed simultaneously with the calibration curve samples prepared with a standard
solution of quercetin in 96% alcohol.

Determination of total antioxidant activity

ABTS+ cation radical scavenging was used to measure the total antioxidant capacity (TAC) (Erel,
2004). In brief, the ABTS+- cation radical was formed by the interaction of ABTS (2,2-azino-bis-3-
ethylene-benzthiazoline-6-sulfonic acid) with hydrogen peroxide at a low pH (3.6). The antioxidant
molecules are able to reduce the dark green ABTS+ cation radical to the colorless ABTS. Decreased
ABTS+ absorbance was recorded at 414 nm. The standard solution of the antioxidant was Trolox, a
water-soluble analog of vitamin E.

Statistical analysis

Statistical processing of the data was performed using the Mynova computer program. The mean
of each sample was obtained from three replicates and used for further analysis. The mean of each
sample (M) and the standard error mean (m) were used as statistical indicators. The comparison of
means and the determination of a significant difference between them were performed using
Dunnett's and Student's t-tests.

3. RESULTS AND DISCUSSION

The main substrate for cultivation of Kombucha is tea. It is also known that Kombucha can grow
on different plant decoctions. Therefore, the content of biological substances in the fermented
beverage can vary depending on the composition of the growth medium. Considering that
medicinal plants have a number of biologically active substances, fermented beverages made on
their basis may have special flavors and differ in the content of biological substances. In this work,
we focused on studying the growth characteristics of Kombucha on Ahmad tea and decoctions from
medicinal plants - rose hips and yellow gentian roots.

In the first stage of the work, we analyzed the growth rate of Kombucha on classic black tea of
the Ahmad brand and decoctions of rose hips and yellow gentian roots.
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Both decoctions we have chosen are considered quite useful in alternative and evidence-based
medicine. Rose hips are used to make tea, infusions, and decoctions that are taken for medicinal
purposes. Rose hips contain a large number of nutrients, including vitamins C, A, K, E, P, and B. The
fruits are rich in essential oils, pectin’s, and organic acids. Rosehip improves metabolic processes,
strengthens the immune system and increases the body's resistance to various infections, absorbs
and removes heavy metal salts and toxins from our body (Marmol et al., 2017).

Yellow gentian is a medicinal plant found only in the Carpathian Mountains. The substances
present in the roots (especially genziopicrin) have a bitter taste and thus increase sensitivity to taste
stimuli, stimulate secretion and motility of the gastrointestinal tract. In medicine, gentian
preparations in the form of infusions, herbs and bitter tincture are used as a means of stimulating
and improving digestion and assimilation of food in cases of loss of appetite, dyspepsia, and as a
choleretic drug (Nicolic et al., 2021).

We measured body mass of the tea mushroom on the seventh and tenth four days of cultivation.
The initial mass of Kombucha was approximately the same in all experiments and was about 3 g. In
parallel, we determined the dependence of the Kombucha mass dynamics on the concentration of
sucrose in the studied infusions (Fig 1).

As shown in Figure 1, the mass of the fungus increased during cultivation on all media. The
optimum mass, regardless of the medium composition, was in the presence of sucrose at a
concentration of 5%. Kombucha growth was slower on media with 0.5 and 1% sucrose. This may
indicate a lack of energy source. Interestingly, the "growth" of the fruiting body also slowed down
at relatively high concentrations of the carbon source (20%). We hypothesize that under these
conditions, Kombucha yeast uses sucrose only through fermentation. Fermentation gives a lower
biomass yield per unit of carbohydrate consumed than using of carbohydrates as energy source
under aerobic conditions. At the same time, fermentation apparently produces a large amount of
ethanol, which cannot be metabolized quickly by the acetic acid bacteria of Kombucha, and in this
case ethanol acts as an inhibitor of Kombucha growth. In addition, an excessive amount of acids
formed during the oxidation of ethanol by acetic acid bacteria can inhibit the development of
Kombucha.

In order to determine whether the growth of Kombucha was related to the change of
concentration of ethanol and acids in the infusions, we measured the change of pH of the medium,
the content of total acids and the content of ethanol in the medium of Kombucha during cultivation
on different substrates. Sucrose concentration "5%" was accepted as the optimal growing conditions.

First, we determined the pH changes in the media during the cultivation of Kombucha on Ahmat
tea, rosehip decoctions, and yellow gentian roots. As can be seen in Fig. 2, the initial pH of the
medium was closely to neutral for Ahmat tea and decoction from yellow gentian root, and slightly
acidic (~pH 5.5) for decoction from rose hip medium. The lower initial pH in the rosehip-based
medium can be due to the presence of more acids, particularly ascorbic acid. As the incubation time
increased, the medium became more uniformly acidic.
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Fig. 1. Effects of different sucrose concentration on mass gain of the Kombucha SCOBY (symbiotic
culture of bacteria and yeast) in media prepared from black tea Ahmat drink (A), decoctions of rose hips (B)
and roots of yellow gentian (C). Data are presented as means + S.E.M. (n = 4). Significantly different from
the control group "5% sucrose” on days 7 (*) and 14 () with P<0.05.
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Fig. 2. Changes in the pH value of the culture media during the cultivation of Kombucha on black tea
Ahmat (A), decoctions of rose hips (B) and roots of yellow gentian (C). Data are presented as means +
S.E.M. (n =4). Significantly different from the control group "5% sucrose” on days 7 (*) and 14 (*) with

Fig. 3 shows the total acid concentration in the media where Kombucha was cultivated. As can
be seen, the acid content in fermented "Ahmad" tea did not depend on the concentration of sucrose
in the medium. At the same time, an increase in acidity was observed in the decoctions of rose hips
and roots of yellow gentian both during cultivation and with an increase in sucrose in the medium.
In the case of rose hip decoction, such dependence was more evident.
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Fig. 3. Total concentration of acids in the medium during the cultivation of Kombucha on black tea
Ahmat (A), decoctions of rose hips (B) and roots of yellow gentian (C). Data are presented as means +
S.E.M. (n = 4). Significantly different from the control group "5% sucrose” on days 7 (*) and 14 (*) with
P<0.05.

The concentration of ethanol (Fig. 4) in the medium of the fermented "Ahmad" tea and gentian
roots was higher than that of decoction of rose hips. At the same time, the content of ethanol in the
gentian-based medium depended on the content of sucrose concentration.
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Fig. 4. Total concentration of ethanol in the medium during the cultivation of Kombucha on black tea Ahmat
(A), decoctions of rose hips (B) and roots of yellow gentian (C). Data are presented as means + S.E.M. (n =
4). Significantly different from the control group "5% sucrose” on days 7(*) and 14 (), from the
corresponding value at the same concentration of sucrose on the day 7 (?) with P<0.05.

Phenolic compounds, most of which are water soluble, are abundant in tea and rose hips. With
a view to this, we were interested in investigating whether the total polyphenol content and the
content of one of their most abundant groups - flavonoids - vary with the media composition.

On day 7 of growth, the total content of polyphenols remained unchanged when Kombucha was
cultivated on Akhmat tea and rose hip decoctions (Fig. 5A-B).
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Fig. 5. Total concentration of polyphenols in the medium during the cultivation of Kombucha on black
tea Ahmat (A), decoctions of rose hips (B) and roots of yellow gentian (C). Data are presented as means +
S.E.M. (n=4). *Significantly different from the corresponding value at the same concentration of sucrose on
day 0(*) and 7(*) with P<0.05.

At the same time, during the cultivation of SCOBY on yellow gentian decoctions (Fig. 5C), we
observed a sharp (about 4-fold) decrease in polyphenols at all sucrose concentrations on day 7 of
growth. On the 14" day of growth, there was an increase in the content of polyphenols compared to
the 7 day on media with Akhmat tea and decoctions of roots of yellow gentian (Fig. 5A, 5C).

The flavonoid content in Ahmad tea on day 14 of growth was lower compared to day 7 on
medium containing 5, 10 to 20% sucrose (Fig. 6A).
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Fig. 6. Total flavonoid content in the medium during the cultivation of Kombucha on black tea Ahmat (A),
decoctions of rose hips (B) and roots of yellow gentian (C). Data are presented as means + S.E.M. (n=4).
*Significantly different from the corresponding value at the same concentration of sucrose on day 0(*) and

7(*) with P<0.05.

The concentration of sucrose in the medium prepared for Ahmad tea, rose hip decoctions, and
yellow gentian roots was similar at day 7 and 14 of kombucha (Fig. 7).
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Fig. 7. Sucrose concentration in the medium during the cultivation of Kombucha on black tea Ahmat (A),
decoctions of rose hips (B) and roots of yellow gentian (C). Data are presented as means + S.E.M. (n=4).

An important feature of plant polyphenols is their ability to exhibit antioxidant properties. Since
the infusions studied varied in their polyphenol and flavonoid content, we were interested in
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comparing the total antioxidant activity of kombucha infusions prepared on black tea and
decoctions of rosehip fruit and gentian root. Total antioxidant capacity (TAC) reflects the ability of
all antioxidant molecules in the infusion to neutralize free radicals. TAC was determined by the
ability to neutralize the ABTS-**radical cation. The obtained results are shown in Fig. 8.
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Fig. 8. Total antioxidant capacity (TAC) in the medium during the cultivation of Kombucha on black tea
Ahmat (A), decoctions of rose hips (B) and roots of yellow gentian (C). Data are presented as means +
S.E.M. (n=4). *Significantly different from the corresponding value at the same concentration of sucrose on
the 7" day with P<0.05.
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As we can see, the TAC of infusions on black tea was similar on the 7" and 14" day of cultivation,
but it was significantly lower than the TAC of infusions on rose hip decoctions. The infusions on
yellow gentian root showed the highest antioxidant activity, which is obviously due to the presence
of substances other than polyphenols in the infusion, since infusions based on yellow gentian root
were characterized by the lowest content of these substances.

4. CONCLUSIONS

The results obtained indicate that Kombucha grows well on both, its usual substrate -black tea
and decoctions of medicinal herbs, rose hips and roots of yellow gentian. According to the rate of
growth of SCOBY (symbiotic culture of bacteria and yeast) on the studied media, the samples
studied can be placed in the following order: rose hips > yellow gentian roots > Ahmad black tea.
The optimal concentration of sucrose in the medium for the development of Kombucha is 5%.
During cultivation, sucrose is gradually fermented by the Kombucha yeast to ethanol, which in turn
is used by acetic acid bacteria to synthesize acetic acid. As a result, an acidification of the pH of the
medium is observed. The content of polyphenolic substances in the infusions increased slightly
during cultivation, indicating that Kombucha has a limited ability to synthesize these compounds.
The total antioxidant activity of the infusions decreased during the cultivation on the tea made of
rose hips, but it increased on the decoctions of the roots of yellow gentian on the 14" day of the
growth.
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baitasx Mapis, Abpar Oaexcanapa, Bopommao Karepuna. Bmict 6i040TiuHO aKTMBHIX PEUYOBUH Ta CyMapHa
aHTHMOKCHAAHTHA aKTVBHICTH HAITOIB 3 JOPHOTO Jalo Ta BigBapis AiKapCchbKuX pocanH, pepMeHTOBaHUX JalTHUM
rpubom. JKyprar Ipuxapnamcoxozo yrisepcumemy imeri Bacurs Cmedaruxa, 10 (2023), 20-33.

KomOyua - 1e KopucHmit q)epMeHTOBaHI/IIZ Hamii, SKUA TpagUIifiHO BUTOTOBASETLCS IIASXOM
¢epmenTarnii miacoa04KeHOTo 9aio CUMOIOTIYHOIO KYyABTYPOIO Pi3HNMX APi*KAXKiB Ta OIITOBOKMCANX OaKTepilt,
AKy TakoxX HasusaioTh SCOBY - cumOioTMIHOI0 KyabTyporo OakTepiit Ta Apixaxis. Ilig yac 30poa xyBaHHs
TAI0KO3M APiKAXI BUPOOASAIOThL €TaHOA, sSKUII BUKOPUCTOBYETHCA OITOBOKMCAMMMU OaxTepiaMu AAs
BUPOOHUIITBA OLITOBOI Ta iHIINX KMCA0T. OTprMaHMII eTaHOA i KMCAO0TH, a TAaKOXK ITOOI4HI TPOAYKTI OpOAIHH:
3a0e3I1euyIOoTh OpUTiHAABHII CMaK i apoMaT HaIlolo. ¥ LbOMY AOCAiJKeHHi MU HOPIiBHAAM PicT i XiMiuHmit
CKJaJ, HaIloiB IIpY BUPOIyBaHHI YalfHOTO rpmuba Ha TUIIOBOMY CyOCTparti, JOpHOMY 4ai, i Ha BigBapax ABOX
AIKapChKIX POCANH - I110AaX IINIIIINHYA i KOpeHeBUIIaX TP ANIY >KOBTOro. /45 oTpuMaHHA pepMeHTOBaHIX
HaroiB 'vaitHuii rpu6" Bupoiysaan Ha 1,3% (maca/o6’em) wopHOMy 4ai Ahmad ta pocamHHMX BigBapax 3
II10AiB INMUIIIMHY i KOPiHHA TUPANYY 3 A0AAaBaHHAM Pi3HMX KOHIIeHTpauiin caxapoau (0,5%, 1%, 5%, 10% i
20%) nportaroM 14 anis. Ha 0-11, 7-11 Ta 14-i1 AeHb KyABTUBYBaHHS MU BU3Ha4YaAl Macy Tila yaltHOro rpuda Ta
XapaKTepUCTUKM ¢pepMeHTOBaHNX Hanois (pH, 3araapHmi1 piBeHb KMCAOTHOCTI, BMICT €TaHOAY, KOHIIEHTpaIlilo
caxaposy, 3araAbHUI BMIcT 110aideHOAiB Ta (p1aBOHOIAIB, 3araAbHy aHTMOKCUAAHTHY 34aTHICTB). PedyapTaTn
IIOKa3yIOTh, 110 YaiHUIl Tpub 400pe pocTe SK Ha 3BMYaliHOMY CyOcCTpaTi - HaIoi 3 YOPHOTO Yalo, TakK i Ha
BigBapax AiKapCchKUX TpaB, I1A04axX HIUIIIINHY Ta KOPEHsX KOBTOI TMpANdy. 3a mBuAKicTio pocty SCOBY Ha
AOCAiAXKYBaHMX cepeJOBHUIax 3pa3Kyl MOXKHa PO3TalllyBaTi B TAKOMY IOPSAAKY: IIA0AM IIMUITIIMHA > KOPiHHS
TUPAUYY >KOBTOTO > YOpHMII yait Axmaa. OnTMMaabHa KOHIIEHTpallisd caxapo3y B cepeJOBUII 4451 PO3BUTKY
qartHoro rpuba craHosmaa 5%. Ilia gac KyapTuByBaHHA caxapo3a ITOCTYIIOBO 30pOA’KyBaldacsl APi>KA’KaMU
JaliHOro rpmuba 40 eTaHOAy, SIKMI, Y CBOIO 4epTy, BUKOPUCTOBYBaBCs OIITOBOKMCAUMIU OaKTepiamMu AAs
CHHTe3y OLITOBOI KMCAOTH. B pesyabTaTi criocrepiraaocs migkucaenssa pH >kusnapHOTO cepeaosuina. Bmict
1101ipeHOABPHNX PEYOBIH Y HACTOAX A€III0 301AbITyBaBCs i 9ac Ky AbTUBYBaHH, IO CBIAYMTH PO OOMe>KeHy
34aTHICTb YaiHOTO rpmOa AO CMHTe3y LNX CIOAyK. JaradbHa aHTMOKCHJAAHTHA aKTMBHICTh HaCTOIB
3HM>KYBaJacs Mig yac KyAbTMBYBaHH: Ha 4al 3 1104iB IINIIIINMHY, ade 3pocTala Ha BiAgBapax KOPeHiB TMpANIy
>KOBTOTO Ha 14-i1 genp pocry. Takum umMHOM, He TiAbKM (PEHOABHI PEUYOBUHM BU3HAYAIOTh aHTMOKCUAAHTHI
BAACTUBOCTI (pepMEHTOBAHMX HAIIOIB 3 YaliHOTO rpuda.

Karo4dosi caosa: Yarnuit rpub, ¢epmeHranis, ApiKaxi, onrosokucai Oaxrepii, mnoaipeHoan,
aHTMOKCMAAHTHA aKTUBHICTD, HAIIOI.
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