J Food Sci Technol (June 2023) 60(6):1826—-1833
https://doi.org/10.1007/s13197-023-05725-z

®

Check for
updates

)
AT

gacniey food rofesionals

ORIGINAL ARTICLE

Microbiome composition of kombucha tea from Tiirkiye using

high-throughput sequencing

Ozge Kahraman-Ilkkan'

Revised: 9 February 2023 / Accepted: 9 March 2023 / Published online: 27 March 2023

© Association of Food Scientists & Technologists (India) 2023

Abstract Kombucha is a fermented tea with a combi-
nation of yeast and bacteria. Kombucha teas may have a
variable microbiota based on geographic origin and cul-
tural conditions. The microbial flora of kombucha has been
studied with culture-dependent methods. But, the improve-
ment of the metataxonomic approach has broadened our
perspective on fermented foods. In this study, a kombucha
mother was procured from an artisanal supplier in Tiirkiye.
High-throughput new-generation sequencing (16S rRNA
and Internal Transcribed Spacer (ITS)) was carried out to
investigate the microbial communities of kombucha after
7 days of fermentation in both liquid tea (L) and pellicle
(P). Microbial counts, pH (4.42+0.01 and 3.50 +0.02), and
TA% (0.26 +0.02 and 0.60+0.04) were also detected on the
first and 7" days of fermentation. According to metataxo-
nomic results, the dominant bacteria were Komagataeibacter
obediens (%21.13), an acetic acid-producing bacteria, and
the dominant fungal genus was Pichia kudriavzevii (64.35%)
in L while Romboutsia sp. CE17 was the dominant bacteria
(7%) and Pichia kudriavzevii was also the dominant yeast in
P. This study also revealed different species which were not
common in kombucha including propionic acid and butyric
acid-producing bacteria such as Anaerotignum propionicum
and Butyrivibrio fibrisolvens, a butyrivibriocin producing
bacteria. Accordingly, different yeast species were detected
such as Tetrapisispora phaffii and Ogataea polimorpha.
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Abbreviations

ITS Internal Transcribed Spacer

DRBCA Dichloran Rose Bengal Chloramphenicol agar
MRS De Man, Rogosa and Sharpe

PCR Polymerase Chain Reaction

DNA Deoxyribonucleic Acid

QC Quality Control

OTU Operational taxonomic unit

NCBI The National Center for Biotechnology
Information

Introduction

Kombucha or kombucha tea is a traditional, sugared bev-
erage consumed since ancient times and produced through
fermentation of black tea by a complex microbial consor-
tium consisting of yeasts, lactic acid bacteria (not always),
and acetic acid bacteria (AAB) (Villarreal-Soto et al. 2018;
Arikan et al. 2020; Tran et al. 2020). The bacterial con-
sortium of kombucha includes generally Komagataeibacter
xylinum, Acetobacter xylinoides, Gluconobacter oxydans,
Gluconacetobacter hansenii, Oenococcus oeni, Komaga-
taeibacter europaeus, Lactobacillus sp., and yeast ecology
consists of Brettanomyces/Dekkera, Candida, Kloeckera,
Pichia, Saccharomyces, Saccharomycoides, Shizosaccha-
romyces, Torulospora, and Zygosaccharomyces (Teoh et al.
2004; Villarreal-Soto et al. 2018). Mainly, black tea (Camel-
lia sinensis) is used for the fermentation of kombucha but
alternatively, other tea types such as green and oolong tea
have been used (Leal et al. 2018). Since Black tea infusion
contains proteins, amino acids, volatile compounds, lipids,
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enzymes, and polyphenols, it is a good fermentation medium
(Kumar and Joshi 2016). Kombucha tea originated in China
but later spread to the rest of the world and recently has
been very popular (Cvetkovi€ et al. 2019). This consortium
leads to the form of a pellicle called different names such as
“mother”, “tea fungus”, or Symbiotic Culture of Yeast and
Bacteria (“SCOBY”) (Tran et al. 2020). The tea is inocu-
lated with this cellulose pellicle to produce kombucha tea.
During the fermentation process, periplasmic yeasts con-
vert sucrose into glucose and fructose in a period from 7 to
10 days in which converted sugars are used to form a pel-
licle. Tea and sugar are converted to alcohol, organic acids,
and CO, thereby, pH drops around 2.5-3.5 (Leal et al. 2018).
Additionally, vitamins C, B1, B2, B3, B6, B12, and folic
acid are produced, thus, kombucha tea exhibits health-pro-
moting characteristics through anti-microbial, antioxidant,
anticarcinogenic, and antidiabetic effects (Cvetkovi¢ et al.
2019). In addition, kombucha tea improves immune function
and reduces cholesterol levels (Leal et al. 2018). In a study,
apoptotic cell death of the hepatocytes was prevented with
kombucha tea treatment (Bhattacharya et al. 2011).

Analysis of environmental samples with metataxonomic
approaches has recently been a powerful tool to reveal
both the non-culturable and culturable microbiota of sam-
ples (Kalamaki and Angelidis 2020). Indeed, metataxo-
nomic analysis of fermentative foods has been a promising
approach to understanding the microbial dynamics of this
complex flora (Kalamaki and Angelidis 2020). Therefore,
some fermentative foods such as cheese, kombucha, boza,
and kimchi have been analyzed with a high-throughput met-
ataxonomic approach in many studies (Castellanos-Rozo
et al. 2020; Kamilari et al. 2020). Therefore, in this study,
the microbial flora of kombucha tea and pellicle was deter-
mined with high-throughput sequencing. In addition, micro-
bial enumeration, pH, and titratable acidity of kombucha
were determined.

Materials and methods
Preparation of kombucha

A solid-phase SCOBY Kombucha cellulose pellicle (mat)
sample was obtained from a local supplier in Ankara, Tiir-
kiye. Production of tea was slightly modified according
to previous studies (Chen and Liu 2000; Cvetkovi€ et al.
2019). 2 spoons of black tea (“Rize”, Tiirkiye) were added
and boiled in 1L of water and then allowed to infuse for
10 min. After removal of the tea, 250 ml of liquid tea
was added to 1L of boiled and cooled sterile water. % 10
(w/v) of sucrose was added to the cooled black tea. Later

on, a freshly grown Kombucha mat was used to inoculate
the liquid tea medium. Kombucha tea was covered with a
clean cloth and fixed with a rubber band. Kombucha was
fermented at room temperature (at 25 +3°C) and out of
light for 7 days. A new Kombucha mat (daughter mat) was
developed on the top of the tea surface during fermenta-
tion. 10 g of the pellicle (named P) and 10 ml of liquid
(named L) samples were kept at +4 °C for metataxonomic
DNA extraction (Marsh et al. 2014; Jung et al. 2019).

Microbial enumeration of liquid and pellicle

The microbial population of liquid kombucha (L) and pel-
licle (P) was enumerated on the first and 7" days of fer-
mentation. MRS agar (Merck, Germany) for lactobacilli
and Dichloran Rose Bengal Chloramphenicol agar (Merck,
Germany) for yeast/mold was used. 1 ml of the liquid tea
sample was added to 9 ml of buffered peptone water and
serially diluted between 107> and 1077, 10 g of pellicles
were measured and homogenized with 90 ml of buffered
peptone water (Merck, Germany). After serially diluting
until 1077, 0.1 ml of each dilution was spread on plates.
DRBCA plates were incubated at 25 °C for up to 7 days
while MRS plates were incubated at 37 °C for 48 °C in an
anaerobic jar. Analyses were repeated three times.

pH and TA % properties of kombucha properties
of Kombucha

pH and titratable acidity of kombucha tea was measured
on the first and 7" days of fermentation. pH was deter-
mined with a digital pH meter (WTW Inolab 720). For
titratable acidity, A 10 ml aliquot of tea sample without
CO, was transferred to a beaker, 3 drops of phenolphtha-
lein (0.1%) were added and then titrated with 0.1N NaOH
(AOAC 2016). The value was calculated according to the
volume consumed in milliliters of 0.1 mol/l NaOH per
100-ml sample and expressed as acetic acid % (Chen and
Liu 2000). Analyses were repeated three times.

Total genomic DNA isolation from kombucha pellet
and liquid tea

Zymo Research “Quick-DNA TM Fecal/Soil Microbe
Miniprep, Cat. No.: D6010” genomic DNA isolation kit
was used to isolate total DNA. Purity and quantitation
of DNA were detected with Qubit 2.0 fluorometer DNA
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protocol (Thermo, USA). Reagent and buffer were mixed
per sample (1:199) and a working solution was prepared.
10 pl of sample DNA was mixed with 190 ul of working
solution. DNA purity and quantitation were read with a
Qubit fluorometer.

PCR conditions of 16 s V3-V4 and 28 s rRNA D1/D2
regions

Universal primers 341F (5’-CCTACGGGNGGCWGC
AG-3’) and 805R (5’-GACTACHVGGGTATCTAATC
C-3’) were used to amplify 16 s TRNA V3-V4 region while
universal primers F63-F (5 GCATATCAATAAGCGGAG
GAAAAG-3’) and LR3-R (5’-GGTCCGTGTTTCAAG
ACGG-3") were used to amplify 28 s rRNA D1/D2 region
with SimpliAmp Thermal Cycler. PCR conditions were as
follows: 95 °C for 10 min—initial denaturation—35 cycles:
95 °C for 45 s- denaturation, 50-55 °C for 45 s — anneal-
ing, 72 °C for 60 s—extension, and 72 °C for 3 min—final
extension. Amplification results were determined on a 2%
agarose gel (Ilikkan and Bagdat 2021).

Preparing library and sequencing

PCR products were purified with AMPure XP beads
(Beckman Coulter). The library was prepared with “Illu-
mina, Nextera XT DNA Library Prep Kit, Cat. No.:
FC-131-1096” for amplicon products. Indexing was car-
ried out with “TG Nextera XT Index Kit v2 Set A (96
Indices, 384 Samples), Cat. No.: TG-131-2001". Illumina,
Miseq platform was utilized for sequencing with paired-
end (PE) (2x 150 bp paired-end run).

Bioinformatic analysis

The accuracy of microbial diversity was improved by
quality check; therefore, raw sequence data (FastQ) were
subjected to QC check. Sequencing artifacts, contaminat-
ing readings, and low-quality reads were trimmed using
FastQC v0.10.1 (Ilikkan and Bagdat 2021). Sequence data
were clustered OTU classes with the Kraken Metagen-
omic system (Wood and Salzberg 2014). Krona charts and
PCoA analysis were performed by the OmicsBox tool.
The heatmaps were constructed with R studio, pheatmap
package (Ilikkan and Bagdat 2021). All the sample raw
reads have been deposited at NCBI under the BioProject
ID PRINA742890.

The Shannon and Simpson diversity index
Shannon diversity indices were calculated at the species

level for a-diversity. Shannon’s Equitability is a value
between 1.5 and 3.5. The higher this value is, the evenness is

@ Springer

Table 1 Microbial enumeration of kombucha tea on the first and 7th
days of fermentation

Sample Microorganism Enumeration result (log CFU/
ml-g)
st day 7th day
L Lactobacilli <1 3.30+0.00
L Yeast/Mold 4.24+0.05 5.32+0.00
P Lactobacilli 2.26+0.00 3.38+0.00
P Yeast/Mold 4.25+0.05 5.70+0.00

L: Liquid P: Pellicle

higher. The abundance and uniformity of OTUs were used to
calculate Simpson indexes (Thukral 2017). Simpson’s Index
of Diversity (1-D) is a value between 0 and 1. 1 corresponds

to complete evenness (Kalamaki and Angelidis 2020; Ilikkan
and Bagdat 2021).

Results and discussion
pH and TA % properties of kombucha

The pH of Kombucha tea was 4.42+0.01 on the first day
of fermentation and 3.50+0.02 on the 7" day of fermenta-
tion. These results were consistent with other studies which
find pH around 2.5-3.5 (Neffe-Skocinska et al. 2017; Leal
et al. 2018; Yikmis and Tuggiim 2019). Generally, acetic
acid bacteria dominate Kombucha (De Filippis et al. 2018).
Therefore, the TA % value was determined as acetic acid
value (Cvetkovic et al. 2019). TA% was 0.26 +0.02 on the
first day of fermentation and 0.60 +0.04 on the 7" day of
fermentation. However, the kombucha tea from this study
had low acetic acid than other research after 7 days of fer-
mentation while it was similar on the first day (Cvetkovié¢
et al. 2019).

Microbial enumerations

Sample L had < 1 log CFU/ml lactobacilli on the first day
while 3.30 log CFU/ml on the 7" day. P had 2.26 log CFU/g
lactobacilli on the first day while 3.38 log CFU/g on the 7™
day. In addition, sample L had 4.24 CFU/ml yeast/mold on
the first day while 5.32 log CFU/ml yeast/mold on the 7%
day. P had 4.25 CFU/g yeast/mold on the first day while
5.70 log CFU/g yeast/mold on the 7 day (Table 1). The
general results showed that microbial counts in pellicle were
slightly higher than in liquid beverage. In another study,
LAB were not detected on the first day of fermentation in
beverage, and yeast counts were close to the current study
(Coton et al. 2017; Neffe-Skocinska et al. 2017). However,
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in another study, yeast counts were higher than current study Komagataeibacter oboediens (syn, Acetobacter oboedi-
(Cvetkovié et al. 2019). ens) was the dominant bacterium in L and this bacterium has

not been seen in P (Fig. 3a and b). Komagataeibacter sp. is
Metataxonomic analysis of kombucha tea (L) acetic acid and cellulose-producing bacterium in Acetobac-
and pellicle (P) teraceae. This genus has been found in other metataxonomic

studies conducted with kombucha (Marsh et al. 2014; Arikan
Bacterial diversity et al. 2020; Harrison and Curtin 2021). Mostly found species

of this genus in kombucha are K. xylinus, K. rhaeticus, K.
According to sequencing statistics, L_16S generated 28,153 saccharivorans, K. intermedius, and K. kombuchae (Harri-
reads/sample while P_16S generated 10,230 reads/sample.  son and Curtin 2021). Komagataeibacter oboediens has not
All classified reads were 100%. Relative abundances of bac-  been reported in kombucha before.
terial OTUs were presented in Fig. 1, namely, four differ- Butyrivibrio fibrisolvens was the third most abundant bac-
ent phyla (Firmicutes, Proteobacteria, Bacteroidetes, and terium in L (3,59%) and fourth in P (4,78%). Butyrivibrio
Actinobacteria) (Fig. 1a), 15 classes (Fig. 1b), 10 orders  fibrisolvens is a butyrate and butyrivibriocin, a bacteriocin-
(Fig. 1c), and 10 families (Fig. 1d). Proteobacteria was  producing ruminal bacterium (Kalmokoff et al. 2003). The
dominant (70%) in liquid phase samples while Firmicutes  probiotic potential has been assessed in a study and it has

was dominant in pellicle (>58%). At a family level, Aceto-  been shown to prevent colorectal cancer (Ohkawara et al.
bacteraceae was dominant (51%) in the liquid phase while ~ 2009). Anaerotignum propionicum (syn, Clostridium pro-
Lachnospiraceae was dominant in pellicle (28%), a probi-  pionicum) was the fourth most abundant bacterium in L

otic family group that produces short-chain fatty acids (Wu  (3,47%) and second in P (5,8%). These latter two bacteria
2020). Members of this family have been known to produce ~ have not been found in kombucha in other studies. Sample P
butyric acid and thereby protect against colon cancer dueto  had a uniform distribution; however, Romboutsia sp. CE17
the characteristic of preventing the growth of some bacteria ~ had a relative abundance of 7.03%. Other bacteria had a rate
(Meehan and Beiko 2014). Lachnospiraceae has also been  below 2% including Flavonifractor plautii, Herbinix lupo-
found in kombucha previously and in this study (Lavefve  rum, Limosilactobacillus fermentum, and Lachnoclostridium

etal. 2021). phocaeense.
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Fig.1 Comparison of bacterial OTUs. Diversity of phyla (a), classes (b), orders (c), and Families (d) in Kombucha tea broth (L) and pellicle (P)
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Krona charts representing the bacterial taxonomic compo-
sition of L and P were presented in Figure S1 and Figure S2,
respectively. The heatmap of bacterial diversity was repre-
sented in Figure S3. Concerning bacterial diversity indexes,
the Shannon index was 4.405 for L while it was 4.683 for
P. Likewise, Simpson indexes (1-D) were 0.9441 for L and
0.9775 for P. According to diversity index results, the rich-
ness and evenness of P were higher than L as expected.

Fungal diversity

According to sequencing statistics, L_ITS generated
74,904 reads/sample while P_ITS generated 28,652 reads/
sample. All classified reads were 100%. Relative abun-
dances of fungal OTUs were presented in Fig. 2. One
phylum, namely, Ascomycota was the dominant phylum
in both samples (100%). 6 classes (Fig. 2a), 8 orders
(Fig. 2b), and 10 families (Fig. 2c) were detected in sam-
ples. Pichiaceae was dominant in both samples (71.73%
for L and 65.6% for P). Therefore, Pichia kudriavzevii
(syn, Issatchenkia orientalis, Candida krusei) was also
the dominant yeast in both L and P (64.35% and 61.18%,
respectively) (Fig. 3c and d). The genus Pichia has been

found in kombucha in previous studies (May et al. 2019).
On the contrary, Pichia kudriavzevii has not been found
in kombucha before. This yeast has been found to have
probiotic potential (Greppi et al. 2017; Tolulope and
Julius 2020). In addition, it is responsible for film for-
mation in over-ripened Kimchi (Moon et al. 2014). The
second dominant yeast was Tetrapisispora phaffii which
produces a killer toxin preventing wine spoilage (Mehlo-
makulu et al. 2014). The third dominant yeast Ogataea
polymorpha (syn, Pichia angusta), is methylotrophic and
converts glucose to ethanol. This yeast has been used as a
biocontrol yeast against postharvest decay of apple fruit
(Fiori et al. 2008).

Krona charts representing the fungal taxonomic com-
position of L and P were presented in Figure S4 and Fig-
ure S5, respectively. The heatmap of bacterial diversity
was represented in Figure S6. Concerning fungal diversity
indexes, the Shannon index was 1.099 for L while it was
1.251 for P. Likewise, Simpson indexes (1-D) were 0.5358
for L and 0.5737 for P. According to diversity index
results, the richness and evenness of P were higher than L.

Principle coordinate analysis showed that the bacterial
diversity of the L and P samples was very close as they
overlapped. However, the fungal diversity of samples was
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Fig.2 Comparison of fungal OTUs. Diversity of classes (a), orders (b), and families (c) in Kombucha tea broth (L) and pellicle (P). All samples

were 100% in Ascomycota phylum
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Fig.3 Diversity piecharts of bacterial (a and b) and fungal (c and d) species found in Kombucha tea broth (L) and pellicle (P)

different as they were placed on different sides of the plot
(Figure S7).

Conclusion

Kombucha teas may have a variable microbiota based on
geographic, climatic, and cultural conditions. To date,
kombucha tea microbiota has been studied from differ-
ent geographic origins and just one sample has been stud-
ied from Adana province, Tiirkiye with a metataxonomic
approach. Therefore, in this study, an artisanal kombu-
cha pellicle from Ankara was used to produce kombucha
tea. The kombucha has been evaluated by lactobacilli and
yeast/mold count, determination of pH and TA%, as well
as microbiota analysis through a metataxonomic approach
of tea liquid and pellicle. Microbiota results revealed that
Komagataeibacter obediens was the dominant bacteria
while Pichia kudriavzevii was the dominant yeast. Com-
pared to other studies using metataxonomic approaches,
Komagataeibacter and Pichia genera were the dominant
members of kombucha but most of the other genera found
in this study such as Butryvibrio, Tetrapisispora sp. are not

common. Although this finding has seemed to support the
idea that SCOBY geographic origin influences microbial
community structure, more studies should be done from
the same regions.
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