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Summary 

Tea fungus/kombucha, an acetic acid flavoured fermented tea beverage, is widely consumed in vari- 
ous parts of the world and has more recently become a fad in the United States. This is due in part to 
the fact that it can be produced in the home, and it is reported to be medicinal, effective against 
arthritis, psoriasis, chronic fatigue, constipation, indigestion and metabolic diseases. Among 264 
references from 1852 to 1961, there are reports of.antibiotic activity against Agrobacterium tumefa- 
ciens and medicinal value against a variety of diseases. The medicinal value appears to be related to 
that attributed to vinegar, one of our most ancient foods. We decided to test tea fungus/ kombucha for 
its antibiotic activity against Helicobacter pylori, a primary cause of gastritis related to peptic ulcers 
and gastric carcinoma, Escherichia coli, Staphylococcus (Micrococcus) aureus and Agrobacterium 
tumefaciens. Tea containing 4.36 g of dry tea per litre and 10% of sucrose and fermented with the tea 
fungus showed no antibiotic activity in the beverage beyond that caused by acetic acid, a primary 
product of the fermentation. 

Introduction 

Japanese or Indonesian tea fungus, kombucha, Teepilz, Teeschwamm, Wunderpilz, 
fungus Japonicus, teekwass, Chinese Divine Che, and Manchurian tea are some of the 
names for a fermented slightly sweet, acetic acid flavoured tea beverage consumed 
widely in China, Tibet, Russia, Japan, Poland, Bulgaria, Germany, Manchuria, Indo- 
nesia and more recently in the United States [l]. A tea fungus, Teepilz or zoogloeal mat 
forms on a sweetened extract of tea [2]. The film produced is essentially a microbial 
cellulose similar to the “mother of vinegar” that forms on the surface of wines or ciders 
being converted to vinegar by the Acetobacter aceti subspecies xylinum oxidizing 
ethanol to acetic acid. It is also closely related to Philippine nata in its essential 
chemical nature; however the nata film / mat goes through a chewy, gel stage during 
which it can be harvested and candied to yield a sweet edible delicacy [l]. 
HESSELTINE [3] reported that the essential organisms in tea fungus are Acetobacter sp. 
(NRRL B-2357) and two yeasts (NRRL Y-4810 and NRRL-Y-4882). KOZAKI [4] 
found that the principal organism is Acerohacter xylinum (Acetobacter aceti subspecies 
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xylinum). He isolated several types of yeasts: Saccharomyces sp., Torulopsis famata, 
Pichia membranaefaciens and Candida guilliennondii from the Japanese tea fungus. 
The Formosan tea fungus contained Candida obtuse and Kloeckera apiculata. REISS 
[5] supposed that tea fungus fermentation is a symbiosis of osmophilic yeasts mainly 
Schizosaccharomyces pombe, Saccharomyces ludwigii, Pichia sp., Acetobacter xylinum 
and other Acetobacter sp. 
There is an increasing interest in tea fungus / kombucha in the United States perhaps 
because of its reported health-promoting, medicinal properties [6] and the fact that it 
can be produced in the home. It also has been publicized in the popular press, for 
example The New York Times, 28 Dec. 1994, [71 and The Miami Herald, 2 Jan. 1995 
[8]. These reports suggest that “tea fungus’’ can reduce blood pressure, relieve arthritis, 
increase the immune response and possibly “cure” cancer. 
Up to World War 11, tea fungus / kombucha was found in many households of Eastern 
Europe and used in the treatment or prevention of metabolic diseases 161. In the French 
part of Switzerland, it is called “Mo-Gu” and is said to soothe cases of constipation and 
the claim is made that it detoxicates the intestines. 
On the other hand, it has recently been reported [9] that two women in Iowa suffered 
severe acidosis, apparently from possibly over-consumption of tea fungus. One died 
from a perforated intestine. 
STADELMA” [ 101 reviewed 264 references to tea fungus for the period from 1852 to 
1961. Much of the literature was European and referred to its antibiotic and medicinal 
qualities. 
The substrate, generally black tea, is easily prepared using tea bags (two or more bags 
(4.36 g dry tea per litre tea). Five to 15% sucrose or brown sugar is added, and the 
sugared tea is brought to a boil, cooled and inoculated with the tea fungus mat 
(“mushroom”) from a previous fermentation. The glass, plastic or ceramic container 
(only non-metallic is recommended) is covered with a clean cloth and incubated at 
room temperature (20-25 “C) for 7 to 10 days during which time the ”mushroom” 
grows to a thickness of 1.0 to 2.0 cm. The top of the “mushroom” is removed with a 
wooden spoon and transferred to the next fermentation. The liquid beverage below the 
“mushroom” is poured off, filtered through a clean cloth and stored in the refrigerator 
in a glass container until consumed. 
Sucrose, glucose and fructose are fermented [5] .  Tea fungus is said to have a high con- 
tent of B vitamins [6]. It contains less than 1% alcohol. 
The antibiotic and medicinal effects, if any, of tea fungus can be related to the tannin 
content of the tea, the low pH and the content of acetic and other acids of the fermented 
tea. 
HESSELTINE [3] fermented a tea fungus beverage using 34 g dry tea (3.4% tea) per litre 
water. He neutralized it to pH 7.0 and reported on antibiotic activity against Agro- 
bacterium tumefaciens, the well-known plant pathogen. His concentration of tea was 
8 to 11 times the tea concentration (0.3 to 0.4% w / v) generally recommended for tea 
fungus /kombucha fermentation. 
Black tea contains phenol, cresols and other small phenols all of which are germicidal 
to some degree. Tannic acid is considered to be generally hydrolyzed as it passes 
through the alimentary tract. Coffee and tea may contribute 1 g of total phenols to the 
diet per day in the United States. In other countries the consumption of strong decoc- 
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tions of 100 g dry tea per day could contribute up to 30 g of polyphenols to the diet and 
has led to toxic symptoms (National Academy of Sciences [ 1 11). 
Vinegar I acetic acid, ZI primary fermentation product in tea fungus I kombucha, has 
been part of the human diet for at least the last 10,OOO years ever since wines have been 
made. Vinegar has been reported to relieve lameness, cure poison ivy, shingles, night 
sweats, treat bums, shrink varicose veins, cure impetigo and ringworm, and cure 
mastitis in cows [12]. A 0.5% solution of acetic acid is bacteriostatic for most common 
bacteria. A 1.0% solution has been used as a surgical dressing for pyocyaneous infec- 
tions. A 5% solution is bactericidal for many organisms [3, 143. 
Vinegar (acetic acid) and honey have been popular folk medicines for many years. 
Taken together or separately, internally or externally, they are supposed to serve as a 
remedy for coughs, burns, shingles, food poisoning and varicose veins [ 151. 
The reported antibiotic activity of tea fungus / kombucha suggests that it might influ- 
ence the gasao-intestinal microbial flora of the consumers. This might be beneficial if, 
for example, it can inhibit Helicobacter pylori, a gram-negative, curved or helical rod 
which colonizes the gastric mucosa of humans. H. pylori is recognized as the primary 
cause of gastritis, a major contributor to peptic ulcer disease and a significant factor in 
gastric carcinogenesis [16, 17, 181. On the other hand, consumption could also be dan- 
gerous, if it destroys the normal flora in the intestinal tract. 
We decided to test tea fungus I kombucha beverage to determine if i t  has antibiotic 
activity against Helicobacter pylori, Agrobacterium tumefaciens, Escherichia coli and 
Staphylcoccus (Micrococcus) aureus. 

Materials and Methods 

Tea funguslkombucha beverage was produced by adding two LIF'TON tea bags (app. 4.36 g of dry 
tea) to 1 litre of boiling water (0.436% tea w /v) and letting it steep for 5 minutes. The tea bags were 
then removed and 10% w/v sucrose (brown sugar) was added and the sweetened tea brought to a boil 
and placed in glass containers providing a relatively large surface area favouring the growth of 
Acetobacter. After cooling, each container was inoculated with a tea fungus mat I "mushroom" and 
incubated at room temperature (about 23 "C) for seven to ten days during which time, the tea fungus 
mat grew to a thickness of about one (1) cm. . 
The liquid was then decanted, filtered through cloth and stored in a refrigerator at 4 "C until it was 
tested for antibiotic activity. 
The pH was checked using colorpHast indicator strips (with a range of G14) or an ORION Research 
digital pH meter Model 701. 
The total titratable acidity was determined by titrating 10 ml samples with IN NaOH. Ten ml samples 
were also boiled to drive-off the volatile acetic acid and then titrated to determine the fixed acid. The 
volatile acidity was calculated by subtracting fixed acid from total acid. 
The microorganisms used for testing the antibiotic activity of tea fungus included the following: 
The Helicobacter pylori isolates were obtained from patients undergoing endoscopic examination. 
Double antral biopsies collected from each patient were transported in trypticase soy broth (BBL) at 
4 OC., ground with the transport medium and inoculated onto SnRROWS Medium (BBL). Plates were 
incubated at 37 O C  under microaerophilic conditions for 3-5 days. The characteristic microscopic 
morphology, positive oxidase, catalase and urease reactions and the membrane fatty acid profile [19, 
201 were used to confirm H. pylori isolates. 
Agrobacterium tumefacienr, an important plant pathogen, was kindly supplied by Dr. Stephen WI- 
NANS, Section of Microbiology, Cornell University. 
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Escherichia coli was selected because of its importance in the human intestinal tract 
Staphylococcus (Microcotcus) aureus was selected for its importance in the human skin and its 
relationship to boils. 

Media for Culturing Microorganisms 

Helicobacter pylori was maintained in BBL trypticase soy (TS) broth supplemented with 10% horse 
serum and 0.1% yeast extract [21]. 
Escherichia coli was grown on DIFCO eosin methylene blue (EMB) agar plates. 
Staphylococcus (Micrococcus) aureus and Agrobacterium tumefaciens were grown on agar plates 
containing 1.5% DFCO yeast extract, 0.1% sodium pyruvate, 2% BACTO agar, 0.3% KzHP04 and 
0.2% glucose. The organisms were swabbed over the surface of the plates. 
For disk diffusion testing, a H. pylori suspension (l~.ooo,OOO celldml) was inoculated onto TSA 
agar - 5% sheep blood agar plates - using a sterile swab, as described in BARRY and THORNSBERRY 
[22] and DECROSS et al., [23]. Sterile test disks were saturated with tea fungus or other solutions to be 
tested and placed onto inoculated plates using sterile forceps. The plates were incubated at 37 O C  

under microaerophilic conditions for 72 h and examined for zones of inhibition. 
The remaining organisms were grown at  32 OC under aerobic conditions. The tea fungus/kombucha 
samples and the controls were tested for inhibitory activity by dipping sterile antibiotic testing disks 
into the extract and pressing them onto the centre of agar plates swabbed with the test organism. The 
diameter of the inhibitory zones were read at three and five days post inoculation. Two plates were 
used per sample. and all the tests were replicated and averaged. 

Tea Fungus/Kombucha Samples and Controls Tested for Antibiotic Activity 

a) Tea fungus/kombucha beverage fermented 10 days ar23 OC pH 2.5 
b) Uninoculated, unfermented tea/sugar substrate (control); pH 6.0 
c) Tea fungus/kombucha beverage heated to 120 ‘C for 5 minutes; pH 2.5 
d) Tea fungus/kombucha beverage neutralized to pH 7.5 with 1 N NaOH and filter sterilized 
e) Acetic acid; pH 2.5 
f) Commercial “Stop and Shop” Cider vinegar: 5% acid; pH 3.0 

Results and Discussion 

During the tea fungus / kombucha fermentation, the pH fell from 6.0 to 3.0 in four days 
and fell to 2.5 in seven days. The total titratable acidity (as lactic) was 2.7%, and the 
volatile acidity (as acetic) was 1.05%. 
Tea fungus samples with a pH of 2.5 (a) produced zones of inhibition comparable to 
those produced by acetic acid (e) or apple cider vinegar (f) (Tabs. 1 and 2). Neutralized, 
filter sterilized tea fungus / kombucha (d) showed no zone of inhibition on any of the 
plates with any of the microorganisms tested. The uninoculated / unfermented control 
(b) showed no zone of inhibition. There was no evidence of antibiotic activity beyond 
the inhibition produced by acetic acid alone. 
A problem in comparing the results of various studies on the inhibitory activity of tea, 
fermented and unfermented, is the variation in the quantity of tea used to manufac- 
ture the tea substrate. Two LIPTON tea bags (about 4.36 g black tea per litre water) 
(0.436% tea w / v) yields a pleasantly flavoured, drinkable tea. The popular literature 
for tea fungus / kombucha fermentation recommends the use of about 0.3% w / v tea for 
the manufacture of tea fungus beverage. We used the slightly higher concentration of 
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0.436% tea in our studies. De SILVA and SARAVANAPAVAN [24] suggested the use of 
10.5 g tea /litre water (1 .O% tea w/v). GADD [25] recommended from 1 1 g to 15 g tea 
per litre water (1.1 to 1.5 9% tea w/v). 

Tab. 1. Zones of inhibition against Helicobacter pylon 

Sample Zone of inhibition 
(average width [cm]) 

(a) Tea fungus/kombucha - pH 2.5; filter sterilized 
(b) Uninoculated/unfermented control (pH 6.0) 

(d) Tea fungudkombucha; neutralized (pH 7.5) 
(e) Dilute acetic acid; pH 2.5 
(f) Apple cider vinegar; pH 3.0 

2.0 
0 

1.5 
0 

2.0 
2.0 

(c) Tea funguskombucha; heat sterilized 

Tab.2. Zones of inhibition of tea funguskombucha (pH 2.5) 
(a) versus tea fungus/kombucha neutralized to pH 7.5 
(d) versus cider vinegar (pH 3.0) 
(f) tested against selected bacterial species 

Bacterial species Zones of inhibition (cm *) 
Tea fungus (a) Tea fungus (d) Vinegar (f) 

(PH 2.5) (PH 7.5) (PH 3.0) 

Agrobacterium turn- 3.2 0 3.4 
aciens 
Escherichia coli 3.8 0 4.5 
Staphylococcus aureus 3.0 0 4.0 

Averages 

HESSELTINE, [3] using a tea substrate about 8.5 times more concentrated than we did, 
reported on the antibiotic activity of the neutralized tea fungus beverage against 
Agrobucterium tumefuciens, while we found none. The higher concentration of tannins 
in his tea can possibly account for the zones of inhibition around colonies of A. fume- 
fuciens. Unfortunately he did not provide information on the effect of non-neutralized 
highly acid tea fungus or the effect of the unfermented substrate. 
DIKER and HASCELIK [26] tested the antibiotic activity of unfermented black tea 
against Helicobucter pylori. Their tea was made from 200 g tea (20% dry tea w / v) 
suspended in 1 litre of phosphate buffered saline, filtered through a 0.22 pm membrane 
filter and adjusted to pH 7.0. They reported that H. pylori was inhibited by the tea 
extracts (16 to 21 mm clear zones) around the colonies. The neutralized extracts killed 
H. pylori (1 million cells/ml) within 5 h. The extracts killed the Cumpylobucter jejuni 
cells within 4 h. Heat treatment of the extracts did not effect the inhibitory or 
bactericidal activity. The concentration of tea and therefore, tannins, was about 
50 times the usual concentration of tea used in the production of tea fungus / kombucha. 
It indicates that the tannins in the tea do show antimicrobial properties at the higher 
concentrations. 
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TODA et al. [27], using a very concentrated unfermented tea (200 g tea / litre - 20% of 
tea w / v), 50 times the concentration that we applied, described bactericidal activity 
against various bacteria related to diarrhoea1 diseases, i. e., Staphylococcus aureus and 
Vibrio parahuemolyticus. TODA et al. [28], using similar high concentrations of unfer- 
mented tea, reported on antimicrobial activity against Vibrio choferae. This anti- 
microbial activity can be related to the high concentrations of tannins used. 
Our tea fungus beverage contained a relatively low concentration of tannins and any 
antimicrobial action the tannins, might have exerted, was extremely small, compared 
with the effect of 1% acetic acid in the fermented beverage. And there was no anti- 
microbial effect noted in the neutralized samples. Thus, it is safe to conclude that any 
antimicrobial, antibiotic effects in tea fungus / kombucha beverage beyond that caused 
by the acetic acid content is rather unlikely unless much more concentrated tea extracts 
containing higher concentrations of tannin are used as the substrate. 
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