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INFLUENCE OF BLACK TEA CONCENTRATE
ON KOMBUCHA FERMENTATION

Radomir V. Malbasa, Eva S. Lonc¢ar and Ljiljana A. Kolarov

Kombucha is cultivated on substrates prepared with different concentrations of black
tea and substrate obtained by diluting a substrate with highest concentration of black
tea with cold tap water. Quality of produced beverages is compared with the beverage
obtained in traditional fermentation of 1.5 g/L of black tea, sweetened with 70 g/L of
sucrose. Inoculation was performed with 10% (v/v) of fermentation liquid from previous
process, and the fermentation was carried out at 28°C under aerobic conditions, for ten
days. Process of fermentation was monitored by following pH, total acids, D-gluconic
acid and caffeine content. Beverages obtained in fermentation with diluted black tea
concentrate had similar amounts of investigated metabolites compared with traditional
one. Use of diluted black tea concentrate as a substrate needs the shorter time for the
substrate preparation, which significantly saves energy.

KEYWORDS: Kombucha; fermentation; beverage; black tea concentrates; metabolites

INTRODUCTION

Kombucha and tea fungus are the most common names for the symbiosis of acetic
bacteria and yeast species. Microbial composition of kombucha culture depends on the
origin and growing conditions (1). Traditional substrate for kombucha cultivation is black
tea sweetened with 5 to 10% of sucrose. During 6 to 10 days of fermentation under aerobic
conditions, at temperatures from 20 to 30° C, slightly carbonated, refreshing, non-alco-
holic beverage is obtained (2-4). Kombucha metabolism produces glucose, fructose, small
amount of ethanol, carbon-dioxide, vitamins C, B,, B,, B,, B, B,,, folic acid, different
organic acids, mainly acetic, gluconic, L-lactic, glucuronic, enzymes and some antibioti-
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cally active compounds, and many others (5-8). Beverage also contains most of tea ingre-
dients like tea catechines and caffeine (7). A widespread interest in kombucha products
derives from its purported therapeutic benefits, which range from wrinkles and hair loss to
curing cancer and AIDS (9, 10). It has been proven that the beverage does exert antimicro-
bial activity against a range of microorganisms (8-11).

Many people consume kombucha beverage prepared at home. World market offers
different commercial kombucha products. Kombucha beverage processing on a large scale
needs reasonably bigger substrate volumes which causes a problem of substrate prepara-
tion. However, tap water for tea extraction must be boiled and extract cooled to fermenta-
tion temperature. It causes the problem of time efficiency and high energy costs.

The aim of this article was the investigation of influence of black tea concentration on
kombucha fermentation and possibility of application of black tea solution diluted with
cold tap water as a useful substrate. Quality of beverages is compared with one fermented
on traditional substrate, 1.5 g/L of black tea and 70 g/L of sucrose. Fermentation was mo-
nitored by following pH, total acids, gluconic acid and caffeine content.

EXPERIMENTAL
Kombucha Culture and Substrate Preparation

Local domestic kombucha determined by Markov et al. (12) was used for the fermen-
tation.

Tea infusion was prepared by decoction of appropriate mass of black tea (Indian tea,
“Adonis”, Jagodina, Serbia) using boiled tap water sweetened with approximately 70 g/L
of sucrose. After 15 minutes tea was removed by filtration. Four substrates were used for
kombucha fermentation:

- Traditional substrate, named Standard, prepared with 1 L of boiled water, 70 g of su-

crose and 1.5 g of black tea;

- Concentrated substrate, named Concentrate 1, prepared with 1 L of boiled water, app.

322 g of sucrose and 7.5 g of black tea;

- Concentrated substrate, named Concentrate 2, prepared with 1 L of boiled water,

app. 381 g of sucrose and 15 g of black tea; and

- Diluted concentrate, prepared by dilution of Concentrate 2 with cold tap water,

wherethe concentration of sucrose was adjusted to the one in Standard.

It is clear that Concentrates 1 and 2 are named so, because the concentration of black
tea was significantly higher than in traditional substrate. Masses of added sucrose in Con-
centrates 1 and 2 were calculated considering content of extracted nonvolatile matter, dry
matter content, which is determined using evaporation at 105°C to a constant mass. Dry
matter content was not a linear function of mass of tea.

After cooling to room temperature, substrates were put in plastic glasses, inoculated
with 10% of fermentation liquid from previous process, and fermentation at constant room
temperature of 28°C w as performed for ten days. Samples were taken after 3, 7 and 10
days to monitor pH, total acidity, gluconic acid and caffeine content.
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Methods of Analysis

pH values were measured using an electric pH meter.

Total acids content was determined using titration with standard solution of sodium-
hydroxide with phenolphthalein as indicator (13). The result is expressed as mass of acetic
acid, g, per liter of solution.

Gluconic acid content was measured in accordance with the procedure of Boehringer
Mannheim (Cat. No. 428191).

Caffeine content was determined by non-aqueous titration with perchloric acid using
crystal violet as indicator (14).

RESULTS AND DISSCUSSION

It was possible to observe metabolic activity of kombucha visually. During fermenta-
tion substrate was lightening and kombucha pellicle growing. After 3 days of fermentation
stable pellicle was formed on Standard and substrate with diluted concentrate, while on
Concentrate 1 the pellicle was not stable and on Concentrate 2 was not formed. Stable pel-
licle was noticed after 7 days of fermentation.

Changes in pH during kombucha fermentation in different substrates are shown in
Table 1.

Table 1. Changes in pH during kombucha fermentation

Fermentation pH
time [days] Standard Concentrate 1 | Concentrate 2 Diluted concentrate
0 7.96 7.35 6.88 7.17
3 3.73 3.28 3.70 3.60
7 3.05 2.87 3.24 3.06
10 2.72 2.74 2.80 2.79

pH value decreases during entire period of fermentation in all substrates. The most
significant change was after 3 days, with average value of 3.76 pH units. From the 3™
day to the end of kombucha fermentation, the changes in pH followed the trend of slight
continual decrease which is usual for the traditional process (15, 16). In samples with
Concentrate 1, after 3 and 7 days are noticed lower pH values in comparison with the other
fermentation series in the same period; however final pH values in all substrates were very
similar (Table 1).

Different organic acids are the metabolic products of kombucha fermentation, as was
mentioned before. Quantity of biosynthesized organic acids in fermentative samples of
kombucha is presented in Fig. 1.

During fermentation, the content of organic acids increases in all substrates. The high-
est total increase is registered in fermentations on tea Concentrates 1 and 2 (Fig. 1). It is
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obvious that the higher content of tea and sugar in Concentrates 1 and 2 affected the con-
tent of organic acids, but the most important fact is that measured values are not too high
to damage the taste of the beverage after 7 days of fermentation. Taste of standard and
beverage obtained with diluted concentrate was similar, slightly acidic and pleasant.
D-gluconic acid is one of the main metabolites of kombucha (2). Gluconates are very
important for the absorption and transport of zinc, manganese(Il) and chromium(III) in or-
ganism, which affect utilization of glucose, proteins and lipids, as well as insulin secretion
(17-19). The highest degree of conversion of sucrose into gluconic acid was reported by
Blanc (3). D-gluconic acid in fermentative liquids of kombucha is presented in Fig. 2.
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Fig. 1. Changes of total acids content during kombucha fermentation
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Fig. 2. Changes of D-gluconic acid content during kombucha fermentation
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It is very important that D-gluconic acid content increases to the seventh day of fer-
mentation. At the end of the process, the increasing trend is observed just in the substrate
with diluted concentrate, while in the others saturation was observed (Fig. 2).

Caffeine is one of the major constituents of black tea and as a source of nitrogen, in
addition to other xanthine derivatives, is essential for the microbial growth. The follow-
ing effects on behavior of adult humans may occur when individuals consume moderate
amounts of caffeine. It increases alertness and reduces fatigue, improves performance on
vigilance tasks and simple tasks that require sustained response. Regular caffeine usage
appears to be beneficial, with higher users having better mental functioning (20). Moni-
tored caffeine content in fermentative liquids during kombucha fermentation is presented
in Fig. 3.
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Fig. 3. Changes of caffeine content during kombucha fermentation

Caffeine content during kombucha fermentation decreases continually, and such dy-
namics is independent of tea concentration. As expected, Concentrates 1 and 2 contain
much more caffeine than Standard and diluted substrate. Even in Concentrate 2 prepared
with ten times higher mass of black tea than Standard and two times higher than Concen-
trate 1, measured caffeine content was not proportionally higher. The reason is the method
of preparation of tea infusion using decoction. These results indicate that there is no need
to take too high masses of black tea using mentioned method of preparation of tea infu-
sion. Standard contains approximately 1.2 times lower caffeine contents in comparison
with diluted tea, which means that concentrate dilution did properly.

CONCLUSSION
Presented results indicate that it is possible to perform kombucha fermentation in
substrates with higher black tea concentration than is the traditional one, but metabolites

content in fermentative liquids is not proportional to the amount of used tea and sucrose.
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When solution with tea concentration of 15 g/L is diluted with cold tap water in such
ratio that final solution is corresponding to standard substrate for fermentation with 1.5
g/L of black tea and 70 g/L of sucrose, the compared metabolites contents in fermentative
samples of standard and diluted concentrate are very similar.

Use of the substrate with diluted black tea concentrate influences energy saves be-
cause the time for substrate preparation is significantly shorter.
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YTULHAJ KOHUEHTPATA IPHOI' YAJA
HA ®EPMEHTALINJY KOMBYXE

Paoomup B. Manbawa, Esa C. Jlonuap u Jbuwana A. Konapos

Jloxanna nomaha komOyxa je KyITHBHCaHA Ha CyICTpaTUMa MPUIIPEMIbEHIM ca pa-
3IIMYATHAM KOHIICHTpalKjamMa IPHOT 4Yaja, Kao M CYICTpPaTy MPUIPEMIBCHOM pa3Oiaku-
BamkeM HAjKOHIICHTPOBAHH]ET IIPHOT Yaja XJIaJHOM YeCMEHCKOM BomoM. Kmamuter mpo-
M3BEICHNX HANWTaka je ynopeheH ca HamUTKOM JOOWMjeHUM TPaJUuIOHAIHOM (epMeH-
TarjoM cyrcrpara ca 1,5 g/L nupror waja u 70 g/L caxapose. MHOKymanuja je ypahena ca
10% ¢epmeHTanIIOHE TEYHOCTH U3 MPETXOAHE (hpepMEeHTalHNje, padyHaTo Ha 3alIpeMUHY
cymcTpata, U gepMeHTanuja u3BencHa Ha 28°C, y tpajamy on 10 mana. @epmeHTarmja
je mpahena mepeweM pH, yKynHux Kucenusa, [-TIIyKOHCKe KUCETIHHE U caapikaja Kode-
uHa. [lokaszano ce 1a y30plu NPHIPEMIBCHH ca pa30liaKeHMM KOHLCHTPATOM Yaja UMajy
CIIMYaH caipiKaj HICHHTHBAHUX METabouTa y nopelemy ca TpaJuHOHATHIM CYIICTPATOM.
Ynorpebom pazdiaxeHOr KOHIIEHTpara IpHOT 4aja ckpahyje ce Bpeme nmoTpebHO 3a npu-
MpeMy CyTICTpara M 3Ha4ajHO IITEIN CHEPTHja.
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3aBUCH O] O/THOCA 3alPeMHUHA CY/: TTojyIora. Y CyKIeCHBHMM (epMeHTalujaMa He MeHba
ce MeTabonnyka aKTHBHOCT hemnmja kBacama u OakTepuja cupheTHor Bpema. Ha Op3uny
npoleca, y 3arpeMuHama rnojyiore Behum o 3 aurpa He yTude (U3HOIIONIKO cTambe hennja
y HaBJIALH.
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