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KOMBUCHA IN EGYPT: IMPORTED
AND LOCAL INDUCED CULTURES

ABSTRACT

Kombucha is a sour beverage product obtained by growing consortia of
bacteria and yeasts on sucrose sweetened black tea decoction. It is used for its
potential health benefits. An imported culture of kombucha and another local induced
one were studied. The microbial analysis of both cultures was done. The imported
culture appeared homogenic in its microbial structure. It was a consortium of the
bacteria Acetobacter and Gluconobacter spp. and the yeasts Saccharomyces and
Pichia spp. The local culture was induced by inoculation the same (but modified)
substrate with water-wash of just cropped organic-cultured ripe tomato fruits. It likely
appeared homogenic only after three subcultures on the modified substrate. Both
cultures had tow portions. The floating pellicle portion, which principally consisted of
cellulosic fibers (31.7% dry weight), and the sour liquid filtrate portion, which finally
contained 34-40g acids/l. (expressed as acetic acid), and 0.05-0.1% ethanol (v/v), after
15 days fermentation period.
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INTRODUCTION

"Kombucha", "Tea Fungus" and "Manchurian tea Mushroom" are synonyms
of an association of yeasts and acetic acid bacteria which can ferment a sucrose
sweetened black tea decoction (Beuchat, 1978; Liu et al, 1996; Reiss, 1994 and
Sievers, et al. 1996).

Besides the biosynthesized microbial cellulose with unique purity and fine
structure, the tea fungus beverage contains valuable organic metabolites. Organic
acids, minerals and vitamins, antimicrobial substances and other health remedy agents
were found (Fasching, 1995; Frank, 1995; Blance, 1996; Bauer-Petrovska &
Petrushevska-Tozi, 2000; Chen & Liu, 2000 and Sreeramulu ez al. 2001).

The produced sour and slightly sparkling beverage is consumed world-wide as
folk medicinal substances for controversial health claims. Kombucha can lower blood
pressure and diabetic blood glucose, increase the immune response, relieve arthritis,
psoriasis, chronic fatigue, constipation, indigestion and metabolic disecases and even
cure cancer (Greenwalt ef al, 2000 and Sreeramulu ez al, 2001)

In Egypt, zoogloeal mats of personally imported kombucha are individually
circulated among those people seeking for health remedy. So, this mat is called "Life
Fish" as an acquired local traditional Egyptian name. In Egypt, kambucha has not
been studied from a scientific view. This work is an attempt to verify this microbial
phenomenon.
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MATERIALS AND METHODS

A- Fermentation processing:

Pellicle disc of a readymade imported kombucha culture (kindly obtained from
Dr. Abdel Hady, M. A., Prof of Nematology, Fac. Agric., Kafr El-Sheikh Univ.) was
suspended in its liquid phase and used to inoculate the prepared sucrose sweetened
black tea decoction substrate.

The sucrose sweetened black tea decoction substrate was prepared according
to Chen & Liu (2000). To boiling distilled water, Lipton black tea (5g/l) and sucrose
(100g/1) were added. The mixture was held boiling for 5 min. The solid tea remains
were avoided by cheesecloth filtration and the filtrate was immediately dispensed into
3 1 capacity clean dry glass jars (1.5 Vjar). After cooling to the ambient temperature,
the prepared substrate was inoculated and jars were covered with clean cheesecloth
fixed with rubber bands. The fermentation was statically carried out under the ambient
temperature 28+2°C for 2 weeks before sub-culturing for new fermentations.

For induction of a local tea fungus culture, separate water-washes of just
cropped plant materials (wheat and barely grains as well as cucumber, squash, tomato
and grape fruits) were used as initial inoculants of the sweetened tea decoction
substrate enriched with equal volume of Frateur's ethanol medium (Krieg & Holt,
1984) and acidified to pH 4.5. The inoculated substrate was held in glass jars with the
same above-mentioned manner as long as up-surface pellicles arose, and sub culturing
was repeated using both the newly arising surface-pellicles and portions of its culture
filtrate to inoculate new jars containing the modified sweetened tea decoction
substrate. Finally, the obtained induced tea culture, having homogenic pellicle feature
likely to that of the important culture, was sub-cultured on the normal sweetened tea
decoction substrate

B- Microbial analysis:

Detection of microorganisms during the fermentation process was performed
on potato dextrose agar (PDA) medium and glucose yeast extract calcium carbonate
agar (GYCA) medium (Asai et al, 1964). Appropriate sample dilutions were used to
inoculate medium surface in Petri-dishes. Inoculated dishes were incubated at 30° C
for 3 days. The separated colonies were counted, picked up, purified and
microscopically examined. Advanced identification tests of the most dominant
bacteria and yeasts to the probable genera were conducted in the guidance of Holt er
al.(1994) for bacteria and Barnett & Pankhurst (1974) for yeasts.

C-Chemical analysis:

During the third sub-culturing of both tea fungus cultures (imported and local
induced), portions of pellicle-free culture filtrates were periodically withdrawn and
filtered through filter paper to be used for chemical analysis. PH value, acetic acid
contents, alcohol, sugars and total solids were determined according to AOAC (1975)
and James (1995) methods.

At the end of the third sub-culturing stable fermentation stages of both
imported and local induced cultures, the separated up-surface floating pellicles were
air dried before oven dryness at 80°C until constant weight. Ground samples of 3g
weight were used to determine contents of the total crude fibers, crude fat, nitrogen
and ash using the methods reported in AQAC (1975).
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RESULTS
Microbial analysis:

Culturing of the imported kombucha on sucrose sweetened black tea decoction
resulted in a sour acetic beverage containing up-surface homogenous floating
pellicles. Pellicle thickness increased in linear with aging (Fig.1). It reached 34mm at
the end of 15 days fermentation period.

Figure (1): The tea fungus culture showing up-surface zoogleal fibrous pellicles floating
on vinegary liquid.

In contrast with the homogeneity in microbial combinations of pellicles in case
of the imported kombucha culture, the local induced culture (successfully obtained
from ripe organic-cultured tomato fruits of cultivar Alisa) had pellicles mixed in its
microbial combinations in the early stages of fermentation. It was observed that the
thickness of pellicle in these early stages did not exceed 2-3mm with dominance of
spore-forming fungi in its mixed microbial structure. Thereafter, homogeneity in the
microbial combinations took place by successive sub-culturing in the used enriched
and acidified substrate.

Survey of the microbial structure of the imported kombucha culture revealed
that the most dominant bacteria showed the morphological and the physiological
characteristics of the acetic acid Acetobacter and Gluconobacter genera, while the
dominant isolated yeast genera were identified as Saccharomyces and Pichia spp.
After 2 weeks fermentation period, the ratio of the acetic acid bacteria and the yeasts
reached 1:16. On the other hand, the microbial components in the local induced tea
fungus culture showed variation along with successive sub-culturing. Firstly, scarce
colonies of bacteria and true yeasts were recorded, meanwhile yeast-like and true
fungi were dominant. Afterwards, the up-surface growing fungi were enclosed in a
thin floating yeast-bacterial biofilm. At this time, ethanol could be smelt and acetic
acid bacteria could be detected. After three subsequent sub-culturing in 4.5pH
acidified substrate, the microbial consortia likely to that of the imported kombucha
culture, solely were present.
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Chemical analysis:

Data presented in Table (1) indicate the contents of the up-surface pellicles in
both cultures. It is obvious that fibers comprise the major component (31.2-31.7%),
while less contents of fats, proteins and ash were recorded (2.4-2.9 %, 4.4-4.9 % and
4.5-4.9%, respectively). No clear differences between pellicle components of the
imported culture and the local induced one were observed.

The produced culture filtrates having vinegary smell and taste were
periodically tested for characteristics recorded in Figures 2-4. PH values (Fig. 2)
gradually decreased over time from 5.8 at the beginning of fermentation to 3.1at the
9th day of fermentation. Then, nearly it stood steady with little increase for the
remaining 6 days of incubation period.

Table (1): Primary chemical characterization of the floating pellicle portions
obtained from the imported kombucha and the local induced tea
fungus cultures.

Contents % (w/w) of the dried samples
The imported culture The local induced
culture
Crude fibers 31.2 31.7
Crude protein 4.4 4.9
Crude fat 2.9 2.4
Ash 4.5 4.9
77
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Figure (2): PH values of sucrose-sweetened black tea decoction substrate inoculated
with the imported kombucha and the local induced tea fungus.
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The titratable acidity (expressed as acetic acid) was increased along
fermentation time. However, the maximum acid concentrations (35-40g/l) were
recorded at the end of 15 days fermentation period (Fig. 3). Ethanol contents
increased slowly in the first 3 days followed by rapid increase during the following 6
days. Ethanol contents reached 5% (v/v) on the 9th day of fermentation. A sharp
decrease took place during the 6 remaining days when the concentration of ethanol
dropped down to ~ 0.4% (v/v) at the end of fermentation period (Fig. 3).

Sucrose, as an invertible non-reducing sugar, showed linear decrease in
concentration along with fermentation aging. Its concentrations decreased from 50g/1
to 4.8-7.6 g/l (Fig 4). On the other hand, data illustrated in Fig 4 show that reducing
sugar contents (expressed as glucose) gradually increased to reach 1.6-2.0 gm/1 at the
9th day of fermentation. Afterwards, reducing sugars slowly decreased towards the
end of fermentation process reaching 1.1 gm/1.

Regardless to the occurred biomass and volatile portions, the solid substances
remained in the fermented substrate reached 43.9 g/l at the end of 15 days
fermentation period.
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Figure (3): Total acidity (as acetic acid) and ethanol contents in vinegars produced by the
imported and the local induced cultures.
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Figure (4): Sugar contents in vinegars produced by the imported and the local induced
cultures.

DISCUSSION

Screening the microbial component of bacteria and yeasts consortia in various
kombucha cultures performed by numerous researchers resulted in variation of the
isolated microbial genera (Liu er al/, 1996). Although variable compositions of
bacterial and yeast combinants were reported in kombucha samples, the major
dominant bacterial genera has been reported were Acetobacter and Gluconobacter in
association mostly with Saccharomyces, Pichia and Zygosaccaromyces as the most
dominant yeast genera (Herrera & Caldero 'n-Villago 'mez, 1989; Liu er al, 1996;
Sievers et al, 1996 and Greenwalt et al, 2000).

In the present study, the imported tea fungus culture appeared homogenic in its
microbial structure along over all subcultures. The screened microbial consortium
contained solely the acetic acid bacterial genera Acetobacter and Gluconobacter and
the yeast genera Saccharomyces and Pichia. On the other hand, to obtain the local tea
fungus culture, likely homogenic in its microbial structure, three sub-culturing times
on the modified sweetened tea decoction substrate were needed. Acidifying the
ethanol enriched substrate to pH 4.5 is thought to enable the tea fungus specific
microflora to establish and overcome the other competitive contaminants which grew
at the initial inoculation. Changes occurred in acidity and ethanol contents of
inoculated substrate might help in the microbial group selectivity.

Acetobacter is known to produce cellulosic fibrous pellicles (Brown et al, 1976
and Fontana ez al, 1991). In general, cellulose synthesis occurs at a rate that is linear
with the cell concentration (Kadime, 1990). Cellulosic pellicle may have multiple
functions in the growth and survival of the microorganism in nature. It serves as a
floating device to bring the embedded cells in contact with the atmospheric oxygen
(Cook & Colvin, 1980). In addition, it provides protection from other mold
competitors which used the same substrate. Recently, microbial cellulose has a wide
range of human economical applications (Ross et al, 1991).
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This work is the first in Egypt to study the microbial phenomenon, Kombucha.
Furthermore, a local tea fungus culture could be induced using plant materials known
to be habitable with acetic acid bacteria and yeasts. Other numerous studies are
intended to be carried out for verification some of applicable uses of both the floating
cellulosic and the liquid filtrate portions of kombucha.
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