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Interaction of strains in kombucha microbial community affects
their growth and metabolism

WANG Penghui  ZHANG Huixia LIU Binjie YANG Minhe"

College of Life Sciences, Fujian Normal University, Fuzhou, Fujian 350107, China

Abstract: [Background] Kombucha is a traditional tea beverage fermented by a symbiotic consortium of
bacteria and yeasts. A number of metabolites in kombucha are beneficial to human health such as
promoting digestion, anti-inflammatory, antibacterial and anti-diabetes. The beneficial metabolites are
mainly produced by complex microbial interactions dominated by acetic acid bacteria and yeasts.
Therefore, kombucha is an excellent model for studying metabolic process in a symbiotic microbial
consortium. [Objective] To study the effects of interactions among different microorganism on metabolites
in kombucha by culturing microbial strains isolated from kombucha singly or in combination under
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different culture conditions. [Methods] Dominant microbial strains were isolated from kombucha
consortium by agar plate dilution method. The isolated microbes were identified by morphological
observation and molecular biology methods. Different culture combinations were designed to investigate
the effects of single-culture and mixed-culture on the pH value, acidity, reducing sugar and total
polyphenol contents in fermentation broth. [Results] The isolated microbial strains grew well in tea sugar
medium singly or in combination, but with different growth rate. The microbial growth rate was closely
related to the fermentation ability of the tested strain to produce reducing sugar. pH value of fermentation
broth was significantly affected by Komagataeibacter sp. strain C6, which showed a strong ability to
produce organic acids. The fermentation process by microbes in the broth significantly increased the
contents of total polyphenols in the fermentation broth. Compared to the single-culture, the mixed-culture
of three strains contributed to the stability of the microbial community, and significantly promoted the
production of reducing sugar, organic acid and decreasing of pH value, and slight increase of polyphenols
in kombucha. [Conclusion] Kombucha is a symbiotic consortium-fermented system with complex
interactions between bacteria and yeasts. The multi-strains co-culturing contributes to formation of the
stable microbial communities, and also promotes the metabolism of organic acids, reducing sugars and
polyphenols in kombucha. The symbiotic fermentation with different microbes is the biochemical basis for

the popular kombucha drinks with flavor taste and beneficial physiological activity.

Keywords: kombucha, microbial interaction, mixed culture, microbial growth, metabolism
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BERRTR IR AR (@) . BEBHRE 100, A
15.0, JoKHZH% 20,0, il 20.0, ZEE/K 1000 mL,
1x10° Pa & B KB 20 min,

BEPFR P B FR B (g/L): MFBRHRE 10.0,
5.0, JoK#HiZRE 50.0, Bl 20.0, ZEHE/K 1000 mL,
1x10° Pa K 20 min, BHIZE 55 °C K47, FIA
2% (KR BOTCK LB 165 °C T#KE 2 h 11
CaC0;10.0 g, 703, WBRHIERM.
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6.0 A, BEEEE DLER T BB (Saccharomyces
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Figure 1 Colony characteristics on agar media and
micro-morphology of isolated strains
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Note: A: Colony characteristics of strain C3; B: Colony
characteristics of strain C5; C: Colony characteristics of strain C6
with CaCOs; dissolving transparent circle (arrow); D:

Micro-morphology of strain C3; E: Micro-morphology of strain
C5; F: Micro-morphology of strain C6
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Schwanniomyces polymorphus (NR138167)
9L Schwanniomyces pseudopolymorphus (NR1381661)
Schwanniomyces vanrijiae (NR138168)
Candida multigemmis (NR111434)
Debaryomyces hansenii (NR120016)
Debaryomyces prosopidis (NR077067)
Debaryomyces fabryi (NR138186)
Candida psychrophila (NR151805)
Scheffersomyces stipitys (NR165947)
Scheffersomyces insectosa (NR111587)
Candida temnochilae (NR111394)
Candida sinolaborantium (NR111343)
Yamadazyma takamatsuzukensis (NR144770)
Yamadazyma barbieri (NR160336)
Yamadazyma tenuis (NR155989)
Yamadazyma philogaea (NR119915)
Yamadazyma ubonensis (NR155998)
Scheffersomyces stipitis (NR65947)

100] [ Meyerozyma guilliermondii (NR111247)

87| | Meyerozyma caribbica (NR149348)

96' C3 (MT396101)
Ogataea dorogensis (NR155586)
100 —— Spathaspora girioi (NR155783)
L Spathaspora passalidarum (NR111397)

36 Spathaspora hagerdaliae (NR155800)

100, C5 (MT396177)

Lodderomyces elongisporus (NR111593)

99 Candida metapsilosis (NR165186)
4100'Eandida parapsilosis (NR130673)
81— Candida hyderabadensis (NR159741)
Saccharomyces cerevisiae (NR111007)

98

94

Komagataeibacter saccharivorans (NR108135)
70| Komagataeibacter saccharivorans (NR113398)
97| Komagataeibacter saccharivorans (NR112228)

Komagataeibacter saccharivorans (NR118189)

10011 6 (MT396222)

Komagataeibacter europaeus (NR026513)

86| 1001 Komagataeibacter europaeus (NR118176)

100) Asaia bogorensis (NR113849)

Asaia bogorensis (NR024728)

Gluconacetobacter tumulisoli (NR114383)

98L— Gluconacetobacter liquefaciens (NR113406)
Acetobacter musti (NR148647)
Acetobacter tropicalis (NR112096)
72 Acetobacter thailandicus (NR146030)
-Acetobacter lovaniensis (NR113551)
Escherichia coli (NR024570)

—
0.02

B2 4PESEMEREK C3. C5(A)F C6 B)IRFLER
Figure 2 Neighbor-joining method phylogenetic trees of strain C3, strain C5 (A) and strain C6 (B)

Gluconacetobacter takamatsuzukensis (NR114384)

e A: BbE C3. C5; B: Btk Co; 55 WEUE AR HRTE GenBank H % 545 5 AL th 43 30 EH71X 3 Bootstrap {H , Bootstrap

{H<70 RER; FRRACRALA ML ALR

Note: A: Strain C3 and C5; B: Strain of C6; Numbers in parentheses are GenBank accession numbers; The numbers at each node in

phylogenetic tree indicate bootstrap value; Bootstrap values <70 are not shown; Scale bar indicates 20 mutations per 1 000 bases
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22 BEHRELREKEFERNEKIN
TR C3. C5 1 C6 FELL A/ M A4 B 77 3
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Figure 3 The growth dynamic of different strains in
fermented black tea infusion
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M 2 RIFIEW —H 28 FF Rt ERm
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P A A RE WO RE (R, DA B B (mg/mL)
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= 4.0 ° o (s
3.5 . = C6
-+ C3C5C6
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£ (d)
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Figure 4 Dynamic of pH during fermentation of
different strains in black tea infusion
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Figure 5 Dynamic of total acid contents in fermentation
broths of different strains
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Figure 6 Changes of reducing sugar contents in
fermentation broths of different strains
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