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Abstract

Kombucha beverages were made from sweetened tea by Oriental, European and Tibetan tea fungus starters.
The hot water extracts of green tea, hlack tea, Gugija and Omija were mixed with white andfor brown sugar,
and were fermenied under a static culture at 30"C. Titrable acidity, pH, color and cellulose production in kombucha
beverages were evaluated. All tea fungus starters showed a higher acid production in green/black tea exiracts rather
than Gugija and Omija extracts. In green/black tea extracts, Oriental tea fungus produced a kombucha beverage
with a higher titrable acidity and lower pH than those of European and Tibetan tea fungus siarters. By the static
fermentation of green/black tea extract for 18 days, Oriental, Tibetan and European tea fungns starters produced
celiulose pellicles of 0.43 g, 0.16 g, and 0.19 g (dry weight} on the top in the culture, respectively. As a mother
starter, the cellulose pellicle was more efficient in acid production compared with 1ea fungus broth. Oriental{/Tibetan
mixed tea fungus showed the best acid production in the green/black tea extract supplemented with brown sugar.
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INTRODUCTION

Kombucha, an acetic actd flavored fermented tea beverage,
is made from sweetened tea by tea fungus fermentation (1,2).
The consumption of kombucha beverage was practiced in 220
B.C. in Manchuria and then spread to Russia (3). Now, it is
widely conswned in various parts of the world and has more
recently become a fad in the United States (4). Tts consumption
is popular mainly because of its refreshing power, curalive
effects (including detoxifying properties) and nuiritive value
(3,3). Additionally, it can be produced in the home, and can
reduce blood pressure, relieve arthritis, increase the mmune
response and possibly cure cancer (4).

The symbioctic colture of Acetobacter xvlinum and yeasts
in tea fungus 18 grown traditionally on black tea with sucrose
and gives a pleasantly sour and sparkling kombucha beverage
under aerobic conditions (3). The transformation of sucrose
into glucose, fructose, gluconic acid, ethanol, and acetic acid
during tea fungus fermentation has been determined (2). In
particular, Acetobacter xyliram synthesizes a floating cellulose
pellicle in which the celis are embedded. The fiim produced
is essentiaily a microbial cellulose similar 10 the “mother of
vinegar” that forms on the surface of wines or ciders being
converled to vinegar by the Acetobacter aceti subspecies
aylinum oxdizing ethanol to acetic acid (4).

Bacterial cellulose pellicles have been used as food ingre-
dients that are closely related to Philippine nata (6). This ma-
terial is currently used by Sony Corporation in the production
of high-end audic speaker systerns because of its excelleni
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acoustic properties (7). This biofilm also displays several ad-
vantages as a biological dressing, and hence, it is valuable
as a temnporary skin substitute in the treatment of skin wounds
(8,9). Furthermore, different methods for the formation of hol-
low fibres during biosynthesis were investigated for various
applications as a biocompatible material in medicine (10). Re-
cently, cellulose biosynthesis and function in Acetobacter
species were investigated at the genetic level (11,12).
Kombucha beverages should be regarded prineipally as a
food unusually rich in nutritive properties, rather than just
a healthy drink. Kombucha has a wide range of organic acids,
vitamins and enzymes thai give il its extraordinary value (1).
The specific organic acids that are found in the kombucha
beverage will vary according to the proportion of bacteria to
veast cells, and to the particular species of sach {1). Therefore,
the production of organic acids and cellulose pellicles will
depend upon the type of tea fungus vsed. Generally, tea pro-
vides nitrogen, minerals, vitamins, and other substances essen-
tial for nutrition, and promates the growth of micro-organisms
and the celhdar construction of the kombucha beverage. Sugar
plays an essential part in kombucha’s brewing process, pro-
viding a nutrient solution for the culture, It also initiates the
fermentation process. The role of brown sugar in kombucha
fermentation by various tea fungus starters has not been re-
ported, although the effect of white sugar on kombucha fer-
mentation was investigated using a tea fungus (13). It is nec-
essary to understand the role of brown sugar and various tea
fungus starters in various kombucha fermentation, In addition
to black tea, varicus traditional Korean ieas with particular
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properties can be exploited for kombucha beverages.

In this report the role of tea, sugar, tea fungus in the
production of acid and cellulose pellicles in kombucha bev-
erages was Investigated.

MATERJIALS AND METHODS

Materials

Green tea (Taepyungyang Co, Korea) and black tea (Lipton
Tea Co, Singapore) were used as ingredients for kombucha
fermentation. Omija and Gugija were obtained from a local
market, Oriental, Baropean and Tibetan tea fungus starters
were purchased from Harmonic Harvest (P.C. Box 82, Har-
woed, TX, USA). White and brown sugars {Cheiljedang Co.,
Korea) were used as carbon sources. Mineral water (JinRo
Food Co., Korea) was used for tea extraction.

Preparation of media for kombucha fermentation

A 20% (wjv) of sugar solution (white or brown) was pre-
pared and autoclaved at 12{°C for 15 min. One part of the
brown sugar solution was mixed with nine parts of white sugar
solution to prepare a 20% mixed sugar selution. Two green
tea bags (3.08 g} and one black jea bag {2.10 g) were added
to 500 ml of hot mineral water (90~ 95°C) and left to draw
for 5 min. To prepare Gugija and Omija extract, 3 g of Gugija
or Omija was extracted in 150 ml of hot water for 5 min.
100 1l of tea extract was placed into a sterile 500 ml beaker
and then mixed with 100 ml of 20% white sugar solution or
20% white/brown sugar mixture (9:1, v/v). The tea extract (200
mi) containing 10% sugar was cooled down at 25°C before
inoculating with a tea fungus starter.

Production of kombucha beverages

Kombucha beverages were prepared with various tea ex-
tracts and tea fungus starters. In order to activate the tea fun-
gus, the green/black tea extract was inoculated with 3% of
tea fungns broth and then was fermented in the siatic culiure
at 30°C. After fermenting for 7~ 10 days, each kombucha bev-
erage with about 1.0% (w/v) titrable acidity was used as a
mother starter for kombucha fermentation. In addition, a cel-
lulose pellicle obtained from the kombucha culture was di-
vided into four pieces and then each cellulose pellicle (3.5~
3.0 g, wetl weight) was added to the kombucha mixture. 200
md of tea extract containing (0% sugar (white or brown} was
inoculated with 5% tea fungus broth or cellulose pellicle. Kom-
bucha fermentation was carried out under a static cultare at
30°C for 30 days. The physicochemical properties of kombucha
beverages were analyzed to determine the role of each tea
fungus as well as ingredients such as sugar and tea.

Analysis of Kombucha beverages

The pH of kombucha beverages was determined with a ptI
meter (Digital pH meter 110, Wheaton, USA}. The titrable
acidity was measured by tiirating 10 ml of kombucha bev-
erage with 0.1 N NaOH (14). The viable cell count of yeast
and bacteria in the tea fungus siarters was determined with YM

{Yeast extract malt) and SH (Schramm Hestrin} agar plate,
regpectively. The Hunter color value (L, a, b) of the kombucha
beverage was measured with a Color Reader (Minolta CR-10,
Japan). The cellnlose pellicles were separated from the top
of cullure broths and then boiled in water for 3 min to remove
the soluble solid. The yield of cellulose pellicles was deter-
mined by drying at 103°C (15).

RESULTS AND DISCUSSION

Microflora in tea fungus

Microflora in each tea fungus starter was evaluated using
a selected medium for yeast and Aceinbacier species, The
microbjal population of each tea fungus starter is shown in
Table L. The tea fungus starter contained yeasts with small
ot big colonies and bacteria assuming as Acetobacter species.
Yeasts were confirmed by examining their morphology with
a microscope. Acerobacter species were distinguished hy their
dry cell surface due to the cellulose production. Tibetan start-
er had a low number of yeast and Acetebacter species. Furo-
pean siarter contained a higher population of Acetvbacter spe-
cies. It has been reported that the tea fungus (kombucha) is
a symbiosis of Acefobacier, including Acetobacter xylinum
as a characteristic species, and varions yeasts (16,17), Differ-
ent yeast species were also identified in different tea fungus
cultures (18).

Kombucha beverages fermented by tea fungus starters

Inn order to compare the acid production in kombucha fer-
mentation by three tea fungus starters, each tea fungus was
grown iu the green/black tea extract comtaining white sugar,
Table 2 shows the pH, titrable acidity and yield of cellulose
pellicles in the kombucha beverages. Among three tea fungus
starters, Oriental tea Tungus showed the best acid production
indicating 1.3% (w/v) acidity after fermentation for 12 days.
On the other hand, Buropean tea fungus showed lower acid
production compared with other tea fungus starters. All kom-
bucha beverages showed very low pH values below 3.0, Orien-
tal tea fungus was able to produce a kombucha beverage with
1.0% acidity within 10 days. For all kombucha beverages, the
content of cellulose pellicles synthesized gradually increased
by fermentation for 18 days, In particudar, Orental tea fungus
showed a higher production of cellulose pellicle in the green/
black tea mixture containing white sugar. The cellulose pelli-
cle produced by Oriental lea fungus was 0.33 g (dry weight)
from 200 ml of kombucha beverage after fermentation for

Table 1. Microbial counts in Oriental, European and Tibetan tea

fungus starters used for kombucha fermentation (CFUfmI)
Tea fungus Yeast" Acetobacter™
Criental 123107 1A
European 3810 3.6% 107
Tibetan 52%10° 1.3%10°

UYM (yeast cxtract malt medium) for yeast
YSH (Schramm Hestin medium) for Acetobacter
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Table 2. Production of acid and cellulose pellicle in kombucha bev-
erages {ermented by various tea fungus slarlers

Measurement Time  Tibetan  Oriental Furopean
(days)
pH 0 3.78 3.92 4.08
6 3.01 277 3.07
12 2.82 2,61 2.90
18 274 2.54 2.84
Titrable acidity 0 0.05 0.05 0.04
(%, wiv) 6 0.54 0.37 0.42
12 1.07 1.30 0.94
18 1.37 2.12 1.27
Cellulose pellicle" 0 - - -
(g, dry wi) 6 0.08 0.13 0.04
12 0.12 0.33 0.14
18 0.16 0.43 0.19

"Cellulose obtained from 200 mi green/black tea mixture at 30°C
(5300 ml beaker, (38.6 cm)

12 days. Therefore, Oriental tea fungus was superior in its
production of acids and cellulose pellicle in green/black tea
extract. These resulis imply that the prodoction of acids and
microbial cellulose is dependent upon the type of Acetobacter
sp. rather than number of viable ccll counts in tea fungus.
It has been reported that caffeine and related phenolic com-
pounds (theophylline, theobromine) are identified as activalors
for bacterial cellulose praduction in A. xyfinm (19). The mi-
crabial cellulose pellicle was considered a by-product for the
production of acetic acid by Acetobacter aceti. Now, micro-
bial cellulose as a biological membrane is being considered
for various applications in the food and medical fields (3).
Therefore, the selection of the tea fungus starter and ingre-
dients will be crucial to enhance the production of kombucha
beverages, as well as biological membranes.

Effect of tea extracts on the acidity of kombucha bev-

erages

In order to determine the acid production in green/black
tea, Gugija and Cmija extract, cach tea fungus broth (10 mi)
was (ransferred to 200 ml of 1ea extract containing 10% white
sugar. As shown in Fig. 1, the Oriental tea fungus starter
showed a higher acid production, especially in the green/black
tea mixture. Criental tea fungus drastically increased the acid
production after 9 days. Titrable acidity reached 1.4% (w/v)
after 15 days. Furopean and Tibetan tea fungus starters showed
0.9% (wjv} acidity afier 15 days. The Buropean starter showed
very weak acid production in Omija and Gugija extracis.
Therefore, three tea fungus starters resulted in higher acid pro-
duction in the green/black tea mixture. In contrast to European
and Tibetan tea fungus starters, Oriental tea fungus showed
relatively higher acid production in Omija and Gugija extracis.
This implies that Omija and Gugija exiracts can be used as
ingredienis for kombucha fermentation by Otjental tea fun-
gus.

Kombucha beverages fermented by cellulose pellicles
Cellulose pellicles as a lea fungus starter were used for kom-
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Fig. 1. Acidity in kombucha beverages made from green/black tea,
Gugija and Omija extract by Oriental, European and Tibetan ica
fungus starters. Tea fumgus broth was used as a mother starter. GB,
green/black tea; G, Gugija; O, Omija; T, Tibetan; O, Oriental; E,
Eurcpean tea fungus.

bucha fermentation to evaluate the acid production. Cellulose
pellicles were separated from each kombucha beverage fer-
mented with Oriental, Tibetan or European tea fungus and
then added to either the green/black tea mixture, Omija or
Gugija extracts. Fig. 2 shows the acid production in kombucha
beverages. Three tea fungus starters also showed higher acid
production in green/black tea mixture compared with Gugija
and Omija extracts. In particular, Oriencal tea fungus showed
higher acid production from the green/black tea mixture show-
ing 1.1% (w/v) acidity after fermentation for 9 days. Other
tea fungus starters indicated 1.0% (w/v) acidity after fermenta-
tion for 12 days. It was confinmed that the cellulose pellicles
as a mother starter enhanced the acid production in kombucha
fermentation more than tea fungus broth. The symbiotic cul-
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Fig. 2. Acidity in kombucha beverages fermented with green/ black
tea, Gugija and Omija extract by Oriental, European and Tibetan
tea fungus starters. Tea fungus (ccllulose pellicle} was used as a
mother starter. GB, green/black tea: G, Gugija; O, Omuja; T, Tibetan;
Q, Oriental; E, European tea fungus.
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aure of Acefobacter xylinum and yeasts produced a cellulose
pellicle (tea fungus) that is similar in composition 1o mother
of vinegar (3). Therefore, Acetobacter sp. embedded in cellu-
lose pellicles may contribute the acid production in kombucha
fermentation. Tibetan tea fungus indicated a weak acid pro-
duction in Omija or Gugija extracts. European tea fungus
showed a very weak acid production in Gugija and Omija ex-
tracts except the greenfblack tea mixture. But Oriental tea fun-
gus indicailed 0.95% (w/v) acidity from Gugija extract after
fermentation for L8 days. It is confirmed that a green/biack
tea mixture is a more suitable medium for kombucha fermen-
tation than Omija and Gugija extracts. Acid production in
kombucha fermentation is dependent upon the type of tea ex-
tract. Thus, the acid production in kombucha beverages fer-
mented with Gugija and Omija extracis could be enhanced
by combining a green/black tea rmixture.

Effect of mixed starters and brown sugar on kombucha

fermentation

Generally, kombucha beverages are made from black iea
and white sugar by a single tea fungus starter {2.4). The effect
of Oriental and Tibetan mixed tea fungus and brown sugar
on kombucha fermentation was evalualed. As shown in Fig.
3, Oriental or Tibetan tea fungus enhanced the acid prodac-
tion by the addition of brown sugar in green/black tea extract.
A mixed starter including Oriental and Tibetan tea fungus start-
ers accelerated the acid production compared with a single
tea fungus. In green/black tea containing brown sugar, a mixed
tea fungus starter showed 1.35% (wfv) acidity after fermenta-
tion for 7 days. Other kombucha beverages fermented by a
single tea fungus only indicated acidity below 0.5% (w/v).
Therefore, the acid production in kombucha beverages fer-
mented with green/black tea was enhanced by the addition
of a mixed starter and brown sugar. Considering the role of
yeast and Acetobacter sp. in kombucha fermentation, the stim-
ulative effect in acid production may be due to the mutual
symbiotic relationship of a mixed starter.

Kombucha beverages made from sweetened black tea indi-
cated a typical brown color. The color of the kombucha bever-
age was dependent upon the type of tea and sugar used. Table
3 shows the color value of kombucha beverages fermented
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Fig, 3. Effect of sugar and mixed tea fungus on the acidity in
kombucha beverages fermented with green/black tea. TB, Tibctan
siarter with brown sugar; TOB, Tibetan/Oriental starter with brown
sugar; OB, Oriental starter with brown sugar; TS, Tibetan starter
wilh white sugar; TOS, Tibetan/Oricntal starter with white sugar;
0S5, Oriental starter with white sugar,

with green/black lea or Gugija extracl by Oriental or Tibetan
tea fungus starters, The color of each kombucha beverage was
evaluated unti] the acidity of the kombucha beverage indicated
0.8 to 1.0% (w/v). Kombucha beverages made from green/black
tea showed a lower Hunter color value (L) than that of Gugija
tea. The addition of brown sugar produced a kombucha bev-
erage with a dark brown color resulting in a lower L value.
The Hunter color value (b) of Green/black tea was higher than
that of Gugija extract. During fermentation the color value
{L) of the kombucha beverages slighily increased in the case
of both white and brown sugar. Therefore, the kombucha hev-
erages had an indigenocus color derived from the tea extract
used and could be manipulated by the addition of brown sugar
and other ingredients.
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