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Abstract

Black tea extract supplemented with 10% sucrose was fermented by tea fungus at 30C. A pellicle thick as

7~8 mm covered entire surface of the medium and the tea extract converted to acidic beverage(abbreviated

below as fermented black tea) by 14 days of fermentation. It was a kind of acetic acid fermentation depending

on symbiotic microorganisms. During the fermentation strains of yeasts(Saccharomyces cerevisiae and Eeniella sp.)

and bacteria(Bacillus subtilis, Kurthia zopfii, Gluconobacter oxydans and Deinicoccus sp.) were isolated from

aqueous layer. Contrastly to it, a bacterial strain(Acetobacter aceti) was isolated from thick pellicle. The bacteria

grew as a viscouse cluster on solid agar medium differently from usual strains of A. acefi. Fermented black tea

had sweet-sour taste and sweet smell.
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Fig. 1. Progress of tea fermentation by tea fungus. Seed pellicle from old culture was inoculated to black tea medium
(plate A). Bubbles appeared after incubation for one day at 30T (plate B). After 7 days of incubation, entire
surface of the medium was covered by a thin film and the medium became turbid (plate C). The film grew
into a thick pellicle after 14 days and the medium became transparent (plate D).
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Fig. 2. Morphology and microflora of inside of the pellicle. Inside of the pellicle was full by a large numbers of rod
shaped bacteria (b-plate A) and a few of yeast cells (y-plate A). Inside surface of the pellicle was very rough.
Bacterial cells firmly attached to the surface (plate B). Photographes were taken by using a light microscope

(plate A) and a scanning electron microscope (plate B).
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Fig. 4. Microscopic morphology of film-like pellicle. Fig. 5. Microscopic morphology of fermentation fluid.

White colored film-like pellicle was peeled from Various microorganisms, yeast cells(y) and rod-
harvested thick pellicle. The pellicle was entirely shaped(r) and coccus-shaped(c) bacteria were
consisted by a single strain of yeast cells. The exist in the fluid.

cells showed a typical cerevisiae form.,
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Fig. 6. Detailed morphology of microorganisms exist in the fermentation fluid. Microorganisms in fermentation fluid
was fractionated into yeast cells, bacterial cocci and rods by using differential centrifuge. Yeast cells were
predominantly consisted by cerevisiae forms through out the fermentation. A few of apiculate form yeast cells
were found at the arrows in plate A. During fermentation, various forms of bacteria such as spore forming
rods (s-plate B), short rods {sr) and long rods(lr) were found. After completion of the fermentation (plate
C), paired cocci were predominant.
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Table 1. Morphological and biochemical characteristics of isolated microorganisms

MS NG YM
Test—Strain
1 2 3 1 2 3 1 2 3
entire entire rough rough rough smooth entire entire entire
shape -
convex flat flat umbonate | umbilicate |convex convex convex convex
grey & pale )
Colony | color grey grey creamy i grey creamy creamy white
white grey
size
1-3 5-8 4-8 3-5 5-6 3-7 0.5-1.0 4-5 1-2
i (mm)
lemon oval
shape rod rod rod rod rod rod rod
type type
size(um)
diameter (0.9 0.8 1.0 0.8 1.0 0.8-1.2 1.0 4.0-5.0 3.0-4.5
Cell length 2.0-4.4 2.2-40 2.0-4.0 2.0-4.0 3.0-6.0 2.5-5.0 1.2-3.5 5.0-8.0 5.0-7.0
single, single, single, single. single. single. single. bipolar multi-la
forms pair, pair, pair. pair pair, pair. pair. budding | teral.
shortchain |filament |filament |shortchain. |filament. |filament | irregular. budding
Spore formation + - - - - + - - +
Flagella + + + + + + - - -
Motility + + + + + + - - -
Capsule - - - - - - - - -
Granule + + - + - - + - -
Gram stain + + + +(v) + + +v) NT NT
Acid fast - = - - - - - NT NT
O3 reaction SA SA SA SA SA WA SA WA FA
Geltatin liquefact + - + - - - - + -
NO; reduction + - + - - + - - -
Denitrification - - - - - - - - -
H,S production + + - - - - - + -
Pigment production - - - - - - - - -
1Gas production - - - - - - - + -
[Lndol formation - - - - - - - - -

MS ! isolates by using the meat extract-sucrose medium.
NG : isolates by using the nutrient-glucose medium.

YM ! isolates by using the yeast and malt extract medium.
+ * positive, — . negative, v : variable, NT ! not tested

SA {strict aerobe, WA . weak aerobe, FA . facultative anaerobe
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Table 1. continued

Test—Strain MS NG ™

3 1 2 1 2 3
V-P reaction + + - + + + - n _
MR reaction - - - - - - — ~ —
O-F test - - 0 0 0 0 0 F F
Acid from glucose + - + + + + + + +
Catalase + + + + + + + + +
Urease - - - - - - - - -
Oxidase - + + - - - + + +
Growth | nitrate - + + - - - + + +
as N- nitrite - - + + - - + - +
source ammonium + + + + + + + + +
D-Arabinose + + + + + + _ _ _
D-glucose + + + + - + + + +
D-mannose + + + + + + - + +
L-rhamnose + + + + + + + n _
D-sorbitol + + + + + + + + -
Growth | D-xylose - - - - - + + + -
as G- Sucrose + + + - - - - + _
source lactose + + + - — + _ _ _
maltose + + + + + + + + +
starch + + + - - + - — _
citrate + + + + - + - - —
ethanol + + + + + + NT NT
acetate + + - + — + + NT NT

O * aerobic acid production F © anaerobic acid production

A &2r9 ML 242t 2,000rpm X 20min, 6,000rpm X
15min7t AAEEE] EHEYUT. ARE methylene
blue, ML GramAlFoz |43 3 Faddngog #
#3190} Plate A- EXFE, B ¥ CE ATHFE e
3Tk BRE HEA 7] FAYO| cerevisizeE S ERV}
2 )Ry YEHY) AREEE AR uEE
FEHEHUY Mg B Bete] Frlde XA ¢
#(B-s), A7) 2 GF(sr) o] BRHG o} HEF
g FOdle Fite] Hd o4E sk
oF 38

MS, NG 2 YM H|AE A4l mo g wjddom

RE 738 oFEystd §4¢ ZF< Table 13 2tk
wjokel o] ¥ BA 7+FL Bacillus subtilis(MS-1) 2,
F-¥2} B Kurthia 20pfii(MS-2) 2, FX2 DL
Acetobacter pasteurianus(synonyme . A. aceti var. xylium,
NG-1) ¢} Gluconbacter oxydans(NG-2) Z, F7$ 3oty
T& Acetobacter aceti(YM-1) 2, flim’d L5 Saccharom-
yees cerevisiae(YM-3)Z FAHUTL. HI#FFE MS-3&
NG-19 ST (F3rasy, ANFSEEM o)) 2,
NG-3& MS-19] a7 (Fsrady, 24484, 3713
o= MR FAHNUY. 2adF] YEYARE Fe-
niella% 2.2 FAHAO U} 44 text [The yeasts : a ta-
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xonomic study, vol 3, ed. by Kreger, 1984, Elsevier]¢l
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B of3le] £3 == symbiotic acetate fermentation®
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Reiss*¥ & tea WA AAF AR ZA Schizosaccharomyces
pombe, Saccharomycodes ludwigii 2 Pichia sp.(% £H)E
EAsa 3, AFo2Me A wylinum, A xylinoides 2 Ba-
cterium gluconicum< ¥2)3H tea fungus TEE °l5 ¥
Fo 23 symbiotic acetate WaEZ Aok T,
Benk'®% ASZA Saccharomyces cerevisiaeSt Suvarum
S AToE2M A aceti B A wylinum S I EE sy-
mbiotic fermentation®2 FAH&¥ch Benk'®7t EEl%
T3 B AFdA Eelg dF5 S cerevisiae?t 3530
9 SEANAE HG3LD, Acetobacter’} acetic acidAAHY]
FH w57 "o oM A dAFL otk
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Fig. 7. Changes in microbial counts during the fermen-
tation of Black tea by tea fungus containing 10
% of sucrose was fermented at 30C. Symbols
represent the number of bacterial cells ' @—@
and yeast cells | O—O, respectively. Bacterial
colonies formed on nutrient agar medium was
counted. Yeast cells were counted by using a he-

mocytometer.
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Kurthia z0pfit, Gluconobacter oxydans®} Deinococcus sp.) ©)
AT Wl Ju LYol M Acetobacter aceti®] &
A7t EeElen o] M-S EAY Acetobacter b
2o A4 golg2 A4sit 2EgEe 91 AF
& otah opzte] YEe BUTS VeIt o4 A
ZHE tea funguso] ¢ FALEE YT mEo] 7
Fo2 283 AYHE symbiotic acetate LA, T
ESEe HETHoZ hdE Pl AP daz
el ofa] £ IvE 2% A9 S5 FIHAT)

dAtel =

2 d9e 1996¥E d77tEY gign wH d7AY
o st 4 HYE.
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