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Table 1. Viable counts of acetic acid bacteria and yeasts for various sources of tea
fungus determined after five days of cultivation
Upper pellicle portion Lower liquid portion
Sample Acetic acid bacteria Yeasts Acetic acid bacteria Yeasts
( % 10" ¢fu/ml) (% 10° cfu/ml) ( X 10* cfu/ml) (X 10° cfu/ml)

A 3.7 8.0 0.24 1.8

B 36.0 37.0 5.9 1.9

C 48.0 27.0 2.6 3.8

D 170.0 210.0 4.5 2.1

E 16.0 280.0 8.5 1.3

F 25.0 3.5 5.6 0.53

G 6.9 23.0 0.35 3.1

H 11.0 270.0 2.1 27.0

I 8.0 63.0 6.1 210.0

J 3.0 140.0 0.53 56.0

K 54.0 20.0 1.6 89.0

L 2.6 0.6 72.0

R~ BT R AL 0 R 2 BE R B K
ERRROHEPRE -
Table 2. Gram staining and morphology of
acetic acid bacteria isolated from

various sources of tea fungus

Sample Gram stain ~ Morphology
A Negative short-rod
B Negative shert-rod
C Negative short~rod
D Negative rod
E Negative rod
F Negative short-rod
G Negative short-rod
H Negative rod
I Negative short-rod
J Negative rod
K Negative rod
L Negative rod

Issatchenkia ] Dekkera /BRI AT E M & &
EPHEEXE - A OTHAFEZRER
B BRPMEcESEEEAEMER - B
No T @ERT BAFHOBES M
BEFRTE BiGGY agar F2REE(LL Candida [
ZRE (BERK) » 7&K Biolog R
ETRHE—STEEE  BEHBC
sorboxylosa 9} » HexgE B EKE °
FRMEEBRERMA (film forming yeast),
P. membranaefaciens » RHAH]H ZBES
B B zEEH (spoilage yeast)!' o
ZITERELIE (fission yeast) * Schizosaccha-
romyces pombe H{EE#HE N (EEAN
Saccharomyces cerevisiae ¥30 ; T E B {E
pH BIE BRI Z F B ERERCY » i
AEAREERERETREE  —RERESY
ERERPERZEEESER  fINEEE
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Table 3. Major microorganisms in the tea fungus

Acetic acid bacteria Yeasts Lactic acid bacteria Reference
Acetobacter xylinum Candida spp. Lactobacillus bulgaricus 7
Gluconobacter spp. Debaryomyces spp- Lactobacillus acidophilus

Acetobacter xylinoides

Acetobacter xylinum

Acetobacter xylinum
Acetobacter xylincides
(Bacterium gluconicum)
Acetobacter xylinum
Acetobacter xylinoides
(Bacterium gluconicum)
Acetobacter aceti
Acetobacter
pasteurianus
Acetobacter spp.

Myecotorula spp.

Saccharomyces spp.

Torula spp.

Zygosaccharomyces spp.

Pichia membranaefaciens 9
Saccharom yces spp-

Torulopsis famata

Saccharomycodes Iudwigii 24

Schizosaccharomyces pombe

Saccharomycodes ludwigii 25
Schizosaccharomyces pombe

Pichia spp-

Dekkera spp. 6
Saccharomyces cerevisiae

Zygosaccharomyces bailii

Candida sorboxylosa this study
Dekkera bruxellensis A

Issatchenkia spp.

Pichia membranaéfaciens

Schizosaccharomyces pombe
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Table 4. Identification of yeasts isolated from various sources of tea fungus by Bioclog

Microstation system

Sample Species Similarity index'
A Issatchenkia scutulata var. exigua 0.761 (72 h)*
Pichia membranaefaciens 0.915 (48 h)
B Pichia membranaefaciens 0.932 (48 h)
C Pichia membranaefaciens 0.841 (48 h)
Dekkera bruxellensis A 0.869 (24 h)
D Pichia membranaefaciens 0.875 (48 h)
Issatchenkia orientalis 0.761 (48 h)
E Pichia membranaefaciens 0.885 (48 h)
Dekkera bruxellensis A 0.854 (48 h)
F Pichia membranaefaciens 0.799 (48 h)
Dekkera bruxellensis A 0.803 (48 h)
Issatchenkia orientalis 0.776 (48 h)
G Pichia membranaefaciens 0.921 (48 h)
H Pichia membranaefaciens 0.913 (48 hy
Issatchenkia orientalis 0.751 (48 h)
I Pichia membranaefaciens 0.904 (48 h)
Issatchenkia orientalis 0.7b4 (48 h)
I Pichia membranaefaciens 0.915 (48 h)
Candida sorboxylosa 0.789 (48 h)
K Pichia membranaefaciens 0.906 (48 h)
Schizosaccharomyces pombe 0.853 (48 h)
L Pichia membranacfaciens 0.911 (48 h)

' Similarity index greater than 0.75 at 24h, and 0.5 at 48 h or 72 h was acceptable.

Numbers in parentheses indicate the incubating time in hour when the results were read.
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B— - OESHEERETASERECAFEREMAA - D RLERBENR - fIFE (5 250ml ) EEER
0@) > 20, 4 a), 8 V) Rk - AFEM0.1, 0.3, 0.5ml HEFHEER 2.1 X 10%ells/ml) o
T8 AD,L 2 BIFRAIIAEES A DL ; MEFEL35 MEEEES 0.1, 0.3 R 0.5ml »

Fig.l. Survival curves of C. albicans inoculated in the tea [ungus A, D and L at different growth stages.
Inoculum of C. albicans cell suspension (2.1 X 10° cells/ml) at 0.1, 0.3 or 0.5 m] was inoculated into the
tea fungus that had grown for 0( @) + 2( M), 4( &), 8( ¥ ) days. Alphabets A, D, and L designate the
respective tea fungus sources, A, D, and L, while numbers 1,3,5 correspond to the volume of inoculum
being at 0.1, 0.3 and 0.5 ml, respectively.
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Abstract

Tea fungus is a home-brewed beverage which is prepared by fermenting the sugar added in
the black tea decoction with a specific, but naturally occurring starter. The fermentation is
usually carried out under uncontrolled conditions at room temperature for one to two weeks. Tea
fungus is composed of two portions, a floating cellulosic pellicle layer and the sour liquid broth.
Both acetic acid and gluconic acid are the major ingredients found in the liquid broth. In this
study, acetic acid bacteria and yeast flora were isolated, and some were identified further, from
12 collections of tea fungi. Cell counts of acetic acid bacteria present in the pellicle layer were
higher than those in the liquid broth, i.e., at concentrations of 10'-10° and 10°-10* cfu/ml,
respectively. On the contrary, the respective cell counts of yeast flora ranging from 3.5 to 280 X
10%, and from 0.5 to 210 X 10° cfu/ml were determined. Moreover, the Pichia membranaefaciens,
a film-forming yeast, was isolated from all the samples, while other yeasts including Candida
sorboxylosa, Dekkera bruxellensis A, Issatchenkia scutulata var. exigua, Issatchenkia orientalis,
and Schizosaccharomyces pombe were present either two or three of them occasionally, depend-
ing upon the sources of tea fungi. The survival curves of a pathogenic Candida albicans inocu-
lated to tea fungi at various growth stages were also studied. The results indicated that C. albi-
cans could survive from the acidic environment produced by the tea fungus having lower growth
rate or acid preduction rate during the early stage of fermentation; however, it died radidly if
the tea fungus was an actively growing one.
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