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Abstract

Kombucha has recently become popular in the
Brazilian beverage market as a healthy alternative to
soft drinks. However, little is known about the
microbial ~ composition and  physicochemical
characteristics of products available on the market.
To investigate the microbial profile of kombuchas,
high-throughput sequencing of the 16S rRNA and ITS

genes, in samples belonging to six brands was
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utilized. In addition, the drinks were characterized
based on the physicochemical parameters of pH, total
acidity and alcohol content. Through the metagenetic
analysis, the most abundant prokaryotic species
identified were  Liquorilactobacillus  nagelii,
Oenococcus  oeni, Komagataeibacter rhaeticus,
Liquorilactobacillus  ghanensis,  Gluconobacter
oxydans, Komagataeibacter saccharivorans,

Acetobacter peroxydans and Pantoea stewartii, while

Vol. 4 No. 4 - December 2021. [ISSN 2642-1100] 302



J Food Sci Nutr Res 2021; 4 (4): 302-316

the mainly eukaryotic species were Dekkera
bruxellensis, Dekkera anomala, Saccharomyces
cerevisiae and Lanchancea fermentati. Interestingly,
we identified six different oligotypes of D.
bruxellensis, showing a wide diversity of strains
belonging to this species. The results obtained for the
physicochemical analyses, within the shelf life of the
products, presented a range between 2.88 + 0.06 and
3.43 + 0.04 of pH, values between 1.80 £ 0.59 and
4.86 + 0.72 for the total titratable acidity and 1.03 +
0.24 to 2.54 + 0.39 referring to alcohol content,
demonstrating significant differences between brand.
In addition, all samples had alcohol content above
0.5%, resulting in the classification of alcoholic
beverages, which need proper labelling. The data
generated in this work helped to understand the
composition of the kombuchas available in the
Brazilian market, as well as in the development of the

identity and quality standard of the drink.

Keywords: Beverage; Black Tea; Fermentation;

Green Tea; Kombuchas; Legislation

1. Introduction

During the past few decades, kombucha has
transitioned from a homemade fermented drink to a
commercially and industrially produced drink.
According to Kombucha Brewers International [1],
this is the product with the highest growth estimate in
the beverage market [1]. Additionally, while in the
United States, a strong growth rate of 17.5% is
expected for this market between 2019 and 2024 [2],
in Brazil, this sector is quite new. The first factory
was established in 2016 and the Brazilian Association
of Kombucha, founded in 2018, already includes
approximately 25 associated producers [3]. The
diffusion of kombucha is mainly attributed to its
supposed functional properties, particularly related to
the production of organic acids, as well as the
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presence of probiotic microorganisms  and
polyphenols [4]. However, although the beverage is
considered a miracle cure for a variety of diseases,
according to popular wisdom [5], there is little
clinical evidence about its prophylactic and beneficial
effects on human health [6,7]. In addition,
information about the physicochemical and microbial
composition of commercial samples is unknown to
consumers and are important especially for risk
groups such as pregnant women, drivers, children and
immunocompromised patients [8,9]. Slightly sweet
and acidic, the drink is produced from the
fermentation of several substrates [10]. Black or
green teas (Camellia sinensis) are the most used [7].
After preparing the tea in boiled water and adding
sucrose, the initial fermentation takes place at room
temperature and aerobic conditions [4]. Fermentation
is carried out from an initial culture containing
bacteria and yeasts, known as SCOBY (Symbiotic
Culture of Bacteria and Yeasts). The process also
involves adding 10 to 20% of a previously fermented
kombucha to acidify the medium and prevent the
growth of pathogenic microorganisms [11]. After this
fermentation, which takes approximately 7 to 10
days, the resulting product can be refrigerated and
consumed [12]. However, the kombucha can still
undergo a second fermentation. At this stage, a new
source of sugar is added. Usually, the sources used
are juice, fruit or sucrose. Thus, natural carbonation
occurs in the bottle, giving the drink a clear and
sparkling characteristic. Forced carbonation of the
kombucha can also occur through the incorporation
of carbon dioxide. During kombucha fermentation,
the invertase enzymes produced by some yeasts
cleave sucrose into glucose and fructose. In turn,
yeasts convert glucose into ethanol and carbon
dioxide [13]. Meanwhile, bacteria oxidize some of
the ethanol to produce acetic acid, lowering the pH of
the medium. Moreover, several other metabolites,
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such as gluconic, lactic, tartaric and citric acid, are
produced, which may contribute to the drink’s
characteristic flavor. However, the composition and
concentration of the metabolites depends on the
source of SCOBY, the concentration of sugar and tea,
the fermentation time and the temperature used.
Thus, any change in fermentation conditions can
the
characteristics of the final product [12]. It was

affect organoleptic and physicochemical
reported that the microbial composition of SCOBY
can vary between fermentations, according to its
origin, climate, geographic location and medium used
for the fermentation process [8,14]. However, many
studies on the kombucha microbiome are carried out
through microbial culture-dependent analysis, which
can produce ambiguous results due to the variability
of the species. In addition, samples can contain non-
cultivable microorganisms, making the description of
the [11]. Thus, DNA

sequencing methods, such as those used in this work,

community unreliable

are efficient tools for a better understanding of the
microbial communities present in the products found
on the shelves.

Therefore, due to the rapid expansion of kombucha in
the Brazilian market and because it is considered a
"healthy" substitute for soft drinks, understanding the
composition of this product becomes particularly

important. In this context, the aim of the present
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study was to evaluate the microbiological and
physicochemical profile of kombuchas produced and
commercialized in Brazil. Samples from six brands
were analyzed using High-Throughput Sequencing
(HTS) of the ITS and 16S rRNA genes. In addition,
the physicochemical parameters, such as total
titratable acidity, pH and ethanol content of the

drinks, were determined.

2. Materials and Methods

2.1 Experimental design and sampling

Six brands of kombucha produced and marketed in
Brazil were evaluated in the present study within the
shelf life of the products (Figure 1). The samples
were kindly provided by the manufacturers and
included three brands of unflavored kombuchas
(original flavor) produced with green tea base (K1,
K3 and K4), one brand of unflavored kombucha
(original flavor) with black tea base (K5) and two
brands of kombuchas flavored with grapes, one
produced with a base of green tea (K6) and the other
with a mixed base of green tea and mate tea (K2).
The samples were transported to the Laboratory of
of
in their

Biochemistry and  Molecular  Biology

Microorganisms (LBMBM [/ UFRGS)
original packaging and kept refrigerated at 4 °C until

pre-processing prior to analysis.

Total samples

Brands N=6

Pool of three lots from
N=18 * the same brand for
DNA extraction

Batches

)

AN N
. Physico-chemical
analyses

. Storage time
at 4 °C (days)

N =54 mlp

Figure 1: Schematic diagram of the sampling method and analyses.

Journal of Food Science and Nutrition Research

Vol. 4 No. 4 - December 2021. [ISSN 2642-1100] 304



J Food Sci Nutr Res 2021; 4 (4): 302-316

2.2 Sample processing

For microbiome analysis, a volume of 50 mL of each
batch sample was centrifuged at 4,000 rpm for 40
minutes. The supernatants were discarded and the
pellets formed for each brand were grouped in pools
and subjected to total DNA extraction. For
physicochemical analysis, the bottles were opened
carefully and the liquid was dispensed into Falcon
tubes. The tubes were centrifuged for 5 minutes at
5,000 g at 4 °C. Then, the collected supernatant was
frozen in liquid nitrogen and stored in an ultra-freezer
(-80 °C). The processing of the samples was carried
out at the LBMBM/UFRGS.

2.3 DNA extraction

For bacterial characterization, the DNA of samples
were extracted using the DNeasy Blood & Tissue kit
(QIAGEN, Hilden, Germany). For fungal
characterization, the total DNA was extracted using
the E.Z.N.A.® Stool DNA Kit (Omega Bio-tek). The
extracted DNAs were quantified using a Qubit ® 3.0
fluorimeter (INVITROGEN, California, USA), and
used for partial amplification of the 16S rRNA and
ITS genes through Polymerase Chain Reaction
(PCR). The DNA was eluted in 25 pL Milli-Q water

and stored at -20 °C until the time of analysis.

2.4 Library preparation and amplicon sequencing
The 16S rRNA PCR libraries were generated by
amplifying the V4 region of the 16S rRNA gene,
using primers F515 and R806 [15], both modified to
contain an lllumina-adapting  region.  The
amplification was performed in a 25 pL mixture,
consisting of 12.5 ng genomic DNA, 1 mM MgCI2,
0.2 mM dNTP, 0.5 uM of each primer, 2U Platinum
Tag DNA Polymerase (INVITROGEN, California,
USA) and 1X reaction buffer. Amplification was
performed in the thermocycler (model 170-9703,
MyCycler Termal Cycler, Bio-Rad) with initial
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denaturation for 3 minutes at 94 °C, followed by 30
cycles of 30 seconds at 94 °C, 30 seconds at 55 °C
and 30 seconds at 72 °C, final extension of 5 minutes
at 72 °C. To generate the ITS PCR libraries, the ITS
intergenic region was amplified using the 1TS1 and
ITS2 [16] primers, also modified to contain an
Illumina adapting region. Amplification was
performed in a 25 pL. mixture consisting of 12.5 ng
genomic DNA, 2.5 mM MgCI2, 0.2 mM dNTP, 0.16
uM of each primer, 1U Platinum Taq DNA
Polymerase (INVITROGEN, California, USA) and
1X reaction buffer. Amplification was carried out
with initial denaturation for 5 minutes at 95 °C,
followed by 35 cycles of 45 seconds at 95 °C, 45
seconds at 56 °C and 1 minute at 72 °C, final
extension of 10 minutes at 72 °C. The amplicons
were purified using Agencourt AMPure XP beads
(BECKMAN COUTER, California, USA), following
the manufacturer's instructions. The indexes were
added to the DNA libraries following the
manufacturer's instructions (Illumina Inc., San Diego,
California, USA). The products from each sample
were diluted and pooled for sequencing on the

[llumina MiSeq™ system with a 500 cycle v2 kit.

2.5 Bioinformatic data analysis

The raw 16S rRNA and ITS sequences amplicons
were imported into the FROGS pipeline [17] to
obtain the Operational Taxonomic Units (OTUs).
Then, the sequences with amplicon size from 50 to
500 bp were filtered and pooled into OTUs with
SWARM [16], d=1. The chimera removal was
performed with VSEARCH [18] and OTUs were
filtered to keep at least 0.1% of all sequences.
Taxonomic affiliations were checked using
EzBiocloud database for bacteria, delimited at
98.65% identity [19], and UNITE database for yeasts.
Plot composition and clustering was performed using
the phyloseq and ggplot2 packages in R Studio v.
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3.6.1 [20]. Sequencing data were deposited in the
Sequence Read Archive of the National Centre for
Biotechnology Information (NCBI), access number
PRNJA611694.

2.6 Physicochemical analyses

The physicochemical analyses were performed in
three batches of each brand at the Food Identity and
Quality Laboratory (LFDA-RS / MAPA), where the
samples were thawed and decarbonated in an
ultrasonic bath for 60 minutes. The parameters of pH,
total titratable acidity and ethanol content were
determined. The determination of the pH of the
samples was carried out by reading the digital
potentiometer. The total titratable acidity of the
kombucha samples was measured according to the
methodology described by MAPA [21]. A 10 mL
aliquot of kombucha was titrated with 0.1 N NaOH
and the end point were determined by the inflection
point of phenolphthalein (pH 8.2). Total titratable
acidity was expressed in g of acetic acid per 100 mL
of sample. The alcohol content determination was
performed in an electronic densimeter coupled to a
near infrared spectrophotometer (NIR) Alcolyzer ME
Anton Paar DMA 4500M by the Alcolyzer Beer
method for drinks with low alcohol content, with a
tolerance of up to 0.3%. The results of the alcohol

content were expressed as a percentage of ethanol.

2.7 Physicochemical statistical analysis

The statistics of physicochemical parameters were
assessed by analysis of variance (One Way ANOVA)
at p <0.05, followed by Tukey’s test or Kruskall-
Wallis, with Dunn's a posteriori test (non-parametric
data). The statistical program used was GraphPad
InStat. For this statistical analysis, outliers were
identified through online software GraphPad
QuickCalcs through Grubb's test (ESD method -
extreme studentized deviate) to determine if one of
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the listed values is a significant amount of the rest of
the data.

3. Results and Discussion

3.1 Taxonomic characterization of Kombuchas by
HTS

In this work, the sequences targeting the 16S rRNA
gene were clustered in 22 bacterial OTUs, while the
sequences targeting the ITS gene were clustered in 13
yeast/fungal OTUs, both with abundance >0.1% in
the kombucha samples (Table S1). From the
standpoint of microbial composition, it has been
reported that kombucha provides a wide source of
bacteria and yeast. Fermentation is carried out by a
symbiotic association of microorganisms known as
SCOBY, consisting of cellulose, acetic acid bacteria,
lactic acid bacteria and yeast [8,22,23]. However,
compared to bacteria, the diversity of yeasts was
considerably lower. As described in the literature,
certain bacteria present in kombucha, in addition to
lowering the pH, have antifungal activity, which is a

hypothesis to explain the result found [16].

3.2 Bacterial community

The analysis of the bacterial community indicated a
predominance of the phyla Firmicutes and
Proteobacteria in the kombucha samples (Figure 2A).
In general, the five brands that had green tea in their
composition (K1, K2, K3, K4 and K6) showed
predominance of the phylum Firmicutes (between 69-
99% of relative abundance), mainly represented by
the Lactobacillaceae family. However, brand K5, the
only one produced with black tea, was dominated
with  99%  relative  abundance by the
Acetobacteraceae family (Figure 2B), belonging to
the phylum Proteobacteria.  Among the genera
identified in the green tea-based kombucha, the
predominant ones were Liquorilactobacillus (K2, K4

and K6) and Oenococcus (K1 and K3), while sample
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K5 (produced with black tea) was dominated by
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Komagataeibacter and Gluconobacter (Figure 3C).
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Figure 2: Bacterial plot depicting the relative abundance of the phyla, family and genera found in six Brazilian

kombucha brands.

The clustering analysis separated the kombuchas in
three groups with different species composition
(Figure 3). The first one is composed by K1 and K3,
which were dominated by Oenococcus oeni with 99%
and 44% of relative abundance, respectively. We
observed that the K3 was also composed by
Liquorilactobacillus ghanensis  (25%), Pantoea
stewartii  (16%) and by species belonging to
Enterobacteriaceae family (7.5%). The second group
is composed by K5; the only sample predominated by
Proteobacteria. The mainly species presents in this
kombucha were Komagataeibacter rhaeticus
(44.7%),  Gluconobacter  oxydans  (22.9%),

Komagataeibacter saccharivorans (11.9%) and

Journal of Food Science and Nutrition Research

Acetobacter peroxydans (11.7%). Concerning the last
clade, we observed three samples with similar
bacterial composition: K2, K4 and K6, where the
predominant species was Liquorilactobacillus nagelii
(varying between 40-92%). The K2 sample was also
composed mainly by Liquorilactobacillus ghanensis
(21.5%), Komagataeibacter rhaeticus  (11%),
Komagataeibacter saccharivorans (10%),
Oenococcus oeni (6%) and Acetobacter peroxydans
(4.6%). Finally, the K6 was majority dominated by
two species of Liquorilactobacillus. The most
dominant was Liquorilactobacillus nagelii (48%) and
the other belonging to an unknown species of this
genus (Table S1; Figure S1).
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Figure 3: Clustering among bacterial OTUs identified in kombuchas and plot depicting the relative abundance of

the species.

Oenococcus oeni seems to play an important, but not
indispensable, role in the fermentation of kombucha.
The species is not present in all samples, but has a
high relative abundance in the samples in which it is
present. It is often found in ciders and wines and is
the main lactic acid bacteria responsible for
malolactic fermentation, contributing positively to
the organoleptic characteristics of wines [25,26].
Other bacteria found in both wines and kombucha is
L. nagelii [27]. This species has been described in
other spontaneously fermented foods and beverages
such as cocoa beans, water kefir and cassava [28]. In
addition, L. ghanensis was found in some kombucha
brands in this study with significant relative
abundance. This microorganism was also previously
isolated from fermented cocoa [29]. In this sense, the
presence of bacteria of the Liquorilactobacillus genus
is interesting due to its potential to confer probiotic

Journal of Food Science and Nutrition Research

properties [30]. The presence of bacteria from the
Enterobacteriaceae family was also described in other
works that investigated the microbial composition of
kombuchas using molecular biology methodologies
[8,31]. Some species of this family naturally inhabit
the intestines of mammals, while others are potential
causes of disease [30]. However, the low pH of
kombucha, resulting from the biosynthesis of organic
acids during fermentation, prevents the development
of potential pathogens [32]. On the other hand, K.
rhaeticus and K. saccharivorans was detected in all
kombucha samples analyzed here and as found in
other studies, these bacteria are associated with
cellulose production [33,34]. Finally, the bacteria G.
oxydans and A. peroxydans found in this study are
considered spoilage in wine and beer. However, in
kombucha they play a fundamental role in the
fermentation process [8,35]. These bacteria promote
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the oxidation of ethanol to acetic acid which is
important to protect the kombucha from the growth
of pathogenic microorganisms and to decrease the

final ethanol concentration in the beverage.

3.3 Fungal community

For all kombucha samples, the fungal class detected
was Saccharomycetales, belonging to the phylum
Ascomycota (Table S1). Regarding the eukaryotic
family, the dominant one was Pichiaceae (which
ranged from 76.9 to 100% of relative abundance in
all samples) (Figure 4A). The kombuchas K1 and K3
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also had important  proportions of  the
Saccharomycetaceae family, with 23 and 15.2% of
relative abundance, respectively. The Picchiaceae
family was represented mostly by the genus Dekkera,
while the Saccharomycetaceae by the genera
Saccharomyces spp. and Lachancea spp. in samples
K1 and K3, respectively (Figure 4B). An interesting
fact is that Saccharomyces cerevisiae was present
with the highest significant relative abundance in the
K1 brand, which was also the brand that showed the
ethanol in the

highest  concentrations  of

physicochemical analyses.

(B)

Genus

W candida

Dekkera
0.50 B issatcheniia

. Lachancea
0.25
0.00 I — l
- o o &
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B saccharomyces

0 ©
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Figure 4: Fungal plot depicting the relative abundance of the genera and family found in six Brazilian kombucha

brands.

Dekkera anomala and Dekkera bruxellensis were the
most prevalent species, identified in all samples;
however, interestingly, we identified six different
oligotypes corresponding to D. bruxellensis (Figure
S2; Table S1). This presence of multiple strains per
species highlights the intraspecific diversity. The
clustering analysis for the eukaryotic OTUs separated
the kombuchas in three groups (Figure 5). The first
one with only one sample (K3), that was mainly
dominated by D. anomala (63.7%), followed by D.

Journal of Food Science and Nutrition Research

bruxellensis (Dbl, 16.8%), Lachancea fermentati
(13.9%) and
second clade was composed by K2 and K4 samples,

Issatchenkia orientalis (3%). The

majority dominated by different oligotypes of D.
dekkera (Dbl, Db2 and Db4 in common) (Figure 5).
The last group contain the K1, K5 and K6
kombuchas and is composed mainly by D.
bruxellensis Db1, with amounts that varied between

27.1to 95% (Table S1).
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Figure 5: Clustering among fungal OTUs identified in kombuchas, barplot depicting the relative abundance of the

species and pie charts showing the abundance of D. bruxellensis oligotypes.

The main species of yeasts found in this study (D.
bruxellensis and D. anomala) are acid tolerant,
known for their important role during the
fermentation of Belgian Lambic beers. They have a
positive contribution in taste through the production
of acetic acid. Even so, the natural fermentation
carried out from these yeasts, produces phenolic
compounds, with sensory descriptors of typical
aromas such as burnt plastic, horse sweat and stable.
In wine, D. bruxellensis is considered one of the main
deteriorating microorganisms, but it is also an
aromatic profile characteristic of some products, such
as the French Chéateau de Beaucastel [36].
Predominant presence of these species in kombucha
has been reported in several studies [8,37,5] and
appears to play an important role in the fermentation
of the drink. In the alcoholic fermentation of wine,
the highest adaptation rate of D. bruxellensis was

demonstrated, to survive in the must, in comparison
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with other wild yeasts [38]. Thus, considering the
similar conditions of the two environments, this may
explain the predominance of these species in most of
the kombucha samples analyzed in this work. In
addition, L. fermentati was detected in sample K3
and with a relative frequency <1% in sample K2. In
this context, the genus Lachancea appears frequently
in the fungal composition of kombucha described in
other works [39,12]. It has also attracted attention in
recent years, due to its unusual metabolic
characteristic of being able to produce lactic acid
during alcoholic fermentation. Its use is being
investigated to reduce pH and increase total acidity in
wine production [40,41], and to produce low alcohol
beers [39]. The use of L. fermentati has also been
used in the production of acidic beers, for the
production of beverages without the use of bacteria
or the addition of the lactic acid reagent. Although L.

fermentati is considered non-pathogenic, there is a
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report of a case of fungemia in an
immunocompromised patient, related to this species
[42]. In turn, I. orientalis is a species reported in
oenology, being frequently found on the surface of
fruits and fruit juices. This fungus is capable of
converting glucose and fructose at elevated
temperatures, above those tolerated by the yeast
Saccharomyces cerevisiae, thus being able to act
cooperatively with this species [43].

3.4 Physicochemical analysis

There were statistically significant differences
between the products of the brands in the analyzed
physicochemical parameters of pH, total titratable
acidity and alcohol content (Table 1). During
kombucha fermentation, the pH of the tea, which
initially is approximately 5, decreases due to the
increase in the concentration of organic acids
produced by microorganisms during the fermentation
process [44,45]. In the pH analysis, performed in
Brazilian kombuchas, the values found between the
brands varied between 2.88 £+ 0.06 and 3.43 + 0.04,
indicating that kombuchas may have different acid
features that could influence in the organoleptic
characteristics. Thus, these pH values found below
indicate the production of organic acids, which
interrupt and inhibit the proliferation of most
pathogenic microorganisms [46]. In addition, this
parameter is relevant due to the fact that the pH must
be higher than 2.0, to avoid dental and / or
gastrointestinal  problems for consumers and
guarantee a sensorially pleasant drink [45].
Furthermore, as evidenced in this work, kombucha
fermentation resulted in the formation of ethanol,
exceeding Brazil's regulatory limit of 0.5% (v / v) for
non-alcoholic beverages, defined in normative
statement N°41 of Ministry of Agriculture,
Livestock and Food Supply [47]. However, the
kombuchas analyzed had no indication of the alcohol
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content on their labels and were analyzed before the
legislation came into effect. Likewise, in a study
using gas chromatography as a methodology, in
which 18 kombuchas available on the American
market were analyzed, ethanol values in the range of
1.12-2.00% (v / v) were observed [9], indicating that
the problem of alcohol content is not exclusive to
Brazilian products. These results demonstrate the
importance of adequate labelling and the
development and use of quality control
methodologies for these products, mainly to monitor
the ethanol concentration of commercial kombuchas.
As the production of the drink occurs in an aerobic
environment, part of the ethanol is oxidized by
bacteria to produce acetic acid [10]. The
concentration and composition of the different
organic acids determine the taste and aroma of the
products [6]. Thus, in order to obtain a sensorial
pleasant drink, according to literature, fermentation
must end when the total acidity reaches the ideal
range of 4to 5 g/ L [48]. In our study, the analysis of
total titratable acidity indicated values between 1.80
+0.59 and 4.86 + 0.72 g/L. In addition, the results of
measuring total titratable acidity can be influenced by
the addition of components in secondary
fermentation, such as fruits and spices, which also
have a very variable matrix [9,49,50]. According to
the variation in the results obtained by evaluating the
physicochemical parameters of kombucha samples in
this work, a diversity of kombuchas is present in the
Brazilian market. Since approximately 25 small
companies currently market their products, the data
generated by this study represent an initial mapping
that has helped to create an improved understanding
of the composition of kombuchas. Moreover, the use
of simple methodologies for sample characterization,
such as those used in this work, serves to indicate a
method for fast and efficient quality control of this
drink.
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Physicochemical parameters

Brands Alcohol % (V/V) pH Total titratable acidity (g/L Hac)
k1l 2,54 £0,39a,b,c (***) 3,23+0,08 ¢ (*) 4,55£0,45 b (***), e (**)

k2 1,11 +0,38 2,94+0,33 4,8620,72 f (***), i (**), h (*)
k3 1,07 +0,32 3,24+0,06 j (*) 1,80+0,59

k4 1,03+ 0,24 2,88+0,06 3,20£0,34

k5 2,02+0,42 h,km (*) 3,21+0,06 2,80+0,56

k6 1,85+0,35n (*) 3,43+0,04 1,0 (*) n (***) 2,52+0,60

Values expressed as mean £ OD. ANOVA test with Dunn's posteriori for the “Brands” variable. Values considered

statistically significant with p *** <0.001. **p <0,01. *p <0,05. a) K1 vs. K2; b) K1 vs. K3; ¢) K1 vs. K4; d) K1 vs.

K5; e) K1 vs. K6, f) K2 vs. K3; g) K2 vs. K4; h) K2 vs. K5; i) K2 vs. K6, j) K3 vs. K4; k) K3 vs. K5; I) K3 vs. K6;
m) K4 vs. K5; n) K4 vs. K6; 0) K5 vs. K6.

Table 1: Physicochemical parameters of six different kombucha brands

4. Conclusion

This study was the first to use HTS to analyse the
microbiome  of kombuchas produced and
commercialized in Brazil. Here, the taxonomy of
microorganisms found in six Brazilian kombucha
brands was identified. However, their respective
contributions to the fermentation process and the
organoleptic characteristics of the kombucha have yet
to be elucidated. In addition, the difference in
physicochemical composition found between the
brands can be explained by the use of different
matrices in the preparation of kombuchas, different
origins of SCOBY acquisition, in addition to
fermentation and handling conditions. In this way,
the data generated in this work stimulate new
scientific discussions and investigations about
kombucha and highlight the importance of carrying
out analyses and adequate labelling. Finally, together
with additional data from samples collected on the
spot by the Ministry of Agriculture, Livestock and
Supply (MAPA), the physicochemical data obtained
in this study helped to build the standard of identity
and quality of kombucha in Brazil (P1Q), resulting in

Normative Instruction 41/2019 [47].
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Figure S1: Phylogenetic tree of the 22 bacterial OTUS (16S rRNA sequences) generated from the six kombucha

samples.
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Figure S2: Phylogenetic tree of the 13 eukaryotic OTUS (ITS sequences) generated from the six kombucha

samples.

This article is an open access article distributed under the terms and conditions of the

t:QC-EA Creative Commons Attribution (CC-BY) license 4.0

Vol. 4 No. 4 - December 2021. [ISSN 2642-1100]

316

Journal of Food Science and Nutrition Research



