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Abstract Kombucha beverage produced through fermen-
tation of sugared tea using bacteria and yeast has gained
attention for its beneficial health benefits. However, the cost
linked to the raw materials often increases the upstream pro-
cess expenses, thereby the overall operating expenditures.
Thus, there is a need to explore alternative waste and cost-
effective raw materials for Kombucha fermentation. The
present study, compared the physico-chemical and micro-
bial growth pattern of Kombucha beverage production using
tea waste from the tea processing industries with that of the
green/black tea, reporting similar trends irrespective of its
type. Further, the amplicon sequencing of 16S rRNA showed
dominant presence of Komagataeibacter rhaeticus and high
throughput sequencing of ITS1 confirmed the presence of
yeast species similar to Brettanomyces bruxellensis in the
tea waste based Kombucha beverage. Appreciable amount
of carbohydrates (8.5/100 g) and energy (34 kcal/100 g) with
appropriate organoleptic properties favourable for human
consumption were also observed during the nutritional
content and qualitative property assessment. The overall
study showed a broad taxonomic and functional diver-
sity existing during Kombucha fermentation process with
tea waste to maintain a sustained eco-system to facilitate
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cost-effective beverage production with desired properties
for safe consumption.
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Abbreviations

AAB Acetic acid bacteria

rRNA Ribosomal ribonucleic acid
ITS Internal transcribed sequencing

SCOBY Symbiotic culture of bacteria and yeast

DNA Deoxyribonucleic acid

BLAST Basic local alignment search tool

NCBI National Centre for Biotechnology Information
SOP Standard operating procedure

FSSAI  Food Safety and Standard Authority of India
Introduction

Microorganisms, since time-immemorial have played a piv-
otal role in nature as they produce various secondary metab-
olites that have numerous social implications. Various food
and beverages produced are supposedly being fermented by
these microorganisms and are of immense beneficial for the
mankind (Ray et al. 2014).

Kombucha is a traditional beverage obtained from the
fermentation of black or green tea (Camellia sinensis)
sweetened with sugar by a symbiotic microbial consortium,
which is mainly composed of acetic acid bacteria (AAB)
(Gluconacetobacter sp.) and osmophilic yeasts (Zygosac-
charomyces sp.) (El Sheikha et al. 2018). The Kombucha
tea is a socially accepted beverage for human consumption
(EI Sheikha and Hu 2020) and has been proposed to pose
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remarkable health benefits owing to the diverse metabolic
content produced by the variability in substrate composition
and different operational processing conditions (Laavanya
et al. 2021). Kombucha tea production involves inoculation
of the culture medium with 5-20% of the previously brewed
tea having the probiotic bacterial and yeast communities in
an active state to disperse homogenously and propagate the
fermentation process. Often the growth parameters and the
chemical constituents in the medium determines the micro-
biome ecology (Villarreal-Soto et al. 2020).

Several researchers (Marsh et al. 2014; Coton et al. 2017)
have analysed the microbiome proposing the presence of
Komagataeibacter sp., Acetobacter sp., and Gluconobac-
ter sp., as the dominant bacterial genera and Brettanomy-
ces sp., and Zygosaccharomyces sp. as the dominant fungal
genera. The symbiotic metabolism of these microbes helps
in the organoleptic properties, enhancing the taste of the
beverage and decides the yield of cellulosic biofilm (Villar-
real-Soto et al. 2020). The yeast metabolizes the complex
sugar (sucrose) into glucose and fructose, which thereby is
metabolized into ethanol (Laavanya et al. 2021). The glucose
molecules are thereby metabolized into organic acids like
acetic, gallic, succinic, gluconic and glucuronic acid by the
glucose oxidase enzyme activity of AAB. Thereafter, Koma-
gataeibacter sp., and Gluconobacter sp., utilizes cellulose
synthase enzyme during oxidative fermentation producing
extracellularly a cellulosic biofilm. Autolysis of yeast also
has been proposed to provide vitamins that promotes the
growth of acetic acid bacteria, thereby the cellulosic bio-
films (Chakravorty et al. 2016). The interaction between the
microbes in the culture medium determines the quantitative
and qualitative properties of the products formed. Therefore,
it is essential to understand and study the microbiome diver-
sity during the variable conditions of Kombucha fermenta-
tion process in-order to obtain the desirable properties.

Most of the microbiological studies related to identifi-
cation of the bacterial and yeast genera are culture based,
mostly relied on the variation of the phenotypic traits (Coton
et al. 2017). These methods often have a low throughput and
leads to misinterpretation of the strains. Marsh et al. (2014)
conducted the first high-throughput sequencing analysis
reporting the presence of Gluconobacter sp., in>85% of
the samples and Zygosaccharomyces sp., as the dominant
yeast in>95% of the samples. Chakravorty et al. (2016)
utilized terminal restriction fragment length polymorphism
and high throughput sequencing reporting the presence of
Komagataeibacter and Candida sp., as the dominant bacte-
ria and yeast respectively. A recent study by Villarreal-Soto
et al. (2020) utilized short-gun metagenomic sequencing
revealing the presence of the bacterial and fungal genera and
their direct linkage with a number of bioactive metabolites.
Most of the above-mentioned studies on genome analysis for
Kombucha beverage has been done utilizing the commercial

black tea/green tea as the nitrogenous source. Since, the
commercial scale production of beverage is influenced by
the raw material costs (Behera et al. 2022), it is essential to
explore the cost-effective substrates without much influence
on the underlying microbial ecology.

Thus, the present study utilized tea leaves discarded as
waste from the tea processing industry as the nitrogen source
during the Kombucha beverage production. The biochemical
composition and the microbial load during the fermentation
with waste tea leaves has been compared with that of the
black and green tea leaves essentially utilized as nitrogenous
substrate during the commercial production of Kombucha
beverage. The 16S rRNA sequencing and high throughput
internal transcribed sequencing (ITS) was utilized to ana-
lyse the bacterial and yeast diversity in the Kombucha bev-
erage produced from tea waste. The physicochemical and
organoleptic properties were also evaluated to confirm its
suitability for human consumption. The study will facilitate
the use of waste and cost-efficient resources for Kombucha
beverage production, thereby bringing down the production
costs during commercialization.

Methodology
Kombucha culture and maintenance

The Kombucha beverage was produced via the process of
fermentation with the tea (C. sinensis) discarded as waste
from the tea processing industry (Parry Agro, Tamil Nadu,
India) and sucrose (common sugar) as substrate. Fermenta-
tion was carried out over a period of 14 days with 8% w/v
sucrose, 1.2% w/v tea, along with 10% v/v of previously
fermented Kombucha tea and 5% w/v of inoculum/symbi-
otic culture of bacteria and yeast [SCOBY] at 30 +5 °C. For
comparative purpose, fermentation under the similar pro-
cess conditions were also carried with black tea and green
tea. Samples were collected from the day of inoculation till
the 14th day at an interval of 2 days for analysing the pH
and glucose via spectrophotometric determination using
dinitrosalicylic acid assay (Miller 1959). Sucrose (°Brix)
and potential alcohol (%v/v) were also estimated using
refractometer (Hanna Instruments, Model HI96813). The
radical scavenging activity of Kombucha beverage sam-
ples were measured using 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) assay (Soni 2014). The growth pattern of bacteria
and yeast during fermentation with different tea substrates
were determined by inoculating the samples drawn at spe-
cific time-intervals in Glucose chalk yeast extract broth and
potato dextrose broth respectively. For metagenomics study,
Kombucha beverage samples prepared from the waste tea
leaves were centrifuged after the completion of 8 days of
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fermentation and the pellets obtained was stored in — 20 °C
until further analysis.

Analysis of microbiome in Kombucha beverage
DNA isolation from Kombucha culture

Deoxyribonucleic acid (DNA) was extracted using the PSP
Spin DNA Plus Kit (Invitek Inc.) as per the given standard
protocol. Using 1 pl DNA sample, the isolated metagen-
omic DNA was tested for purity by A260/280 ratio using a
NanoDrop (Eppendorf, BioPhotometer). Qubit was used to
assess the DNA concentration (ThermoFisher Scientific).
DNA was thereafter resolved on a 0.8% agarose gel at 80 V
for around 30 min to assess the purity and integrity of the
DNA.

16S rRNA sequencing of bacterial isolates

The 16S rRNA amplicon data was generated using Oxford
Nanopore Technologies MinlON platform’s long read
sequencing method (Jain et al. 2016). Universal primer sets
27F (5'-AGAGTTTGATCCTGGCTCAG-3'") and 1492R (5'-
GGTTACCTTGTTACGACTT-3') were utilised to produce
16S rRNA gene amplicons from quality control (QC) passed
genomic DNA (gDNA). Thermal cycling was initiated with
a 3 min denaturation step at 94 °C, followed by 25 cycles of
denaturation at 94 °C for 30 s, primer annealing at 55 °C for
30 s, and elongation at 72 °C for 1 min. Cycling was finished
with a 10 min elongation step at 72 °C. The PCR amplicons
were bead filtered to eliminate the polymerase chain reaction
(PCR) chemicals and other contaminants before being uti-
lized for library preparation, which included end prep, bar-
code and adaptor ligation, according to the protocol for the
native barcoding of amplicons as prescribed by the Oxford
Nanopore technologies. The library was processed with the
SQL-LSK 109 sequencing kit before being put onto the
MinlON Mk1B sequencer at the appropriate concentration.
About 90,000-1,10,000 reads were generated after sequenc-
ing, which was subjected to quality control using the FastQC
software and further bioinformatics analysis was carried out
to taxonomically identify the bacterial genera.

High-throughput internal transcribed sequencing (ITS)
of yeast isolates

The quality of DNA for yeast genera identification was
assessed by running the sample in 1% agarose gel result-
ing in a single high molecular weight DNA band. PCR
was used to amplify a fragment of the ITS region. When
resolved on agarose, a single distinct PCR amplicon band of
around 700 bp was seen. The ITS1 (5'-TCCGTAGGTGAA
CCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATAT
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GC-3') primers were used as forward and reverse primers
respectively for DNA sequencing reaction of PCR ampli-
con on an ABI 3730x1 genetic analyzer using the BDT v3.1
cycle sequencing kit. Using aligner software, a consensus
sequence of the PCR amplicon was constructed from the
forward and reverse sequencing data.

Bioinformatic analysis of the bacterial and yeast
microbiome

Bioinformatics analysis was performed to identify the bac-
terial and yeast genera utilizing a systematic procedure. In
case of bacteria, after removing the adaptor and overrepre-
sented sequences, the high-quality sequences were submitted
to taxonomy categorization using the Kraken2 suite (Wood
et al. 2019) with the SILVA database (Quast et al. 2013) as
the target. For taxonomic annotation, the high-quality reads
were blasted with the NCBI Reference sequence curated
database using more than 97% identity and 90% query
coverage.

In case of yeast, the ITS region sequence was utilized
to perform Basic Local Alignment Search Tool (BLAST)
against the National Centre for Biotechnology Information
(NCBI) Genbank database. Alignment was carried out using
nucleotide BLAST (BLASTN) suite with reference database
as nucleotide collection (nr/nt). The blast program was cho-
sen as megablast with scoring of 1/—2 (match/mismatch)
which is specific for obtaining highly similar sequences. The
top 10 sequences chosen based on maximum identity score
were aligned using Clustal W [a multiple alignment soft-
ware programme] (Larkin et al. 2007). The distance matrix
was obtained, and the phylogenetic tree was generated using
MEGA 7 (Kumar et al. 2016).

Biochemical analysis of Kombucha beverage

The quality of water used for Kombucha beverage produc-
tion using tea waste along with its nutrition profile com-
prising carbohydrate, protein, total fats, and energy content
was measured by following the standard operating procedure
(SOP) as outlined in the manual of methods for analysis of
foods by the Food Safety and Standard Authority of India
(Food Safety and Standard Authority of India (FSSAI)
2016). The physiochemical properties pH, acidity, total
soluble solids along with the presence of metals like arse-
nic, copper, lead and zinc were analysed as per the FSSAI
regulations using the standard protocols (Food Safety and
Standard Authority of India (FSSAI) 2016).

Organoleptic study was conducted to understand the
consumer acceptability of the fermented Kombucha and its
flavored (apple, orange, kiwi, pomegranate and lemon) pro-
totypes. Sensory evaluation is a scientific method for evalu-
ating a product where research is in the form of preference or
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hedonic tests for untrained participants are utilized. Around
150 untrained people, consisting of mostly students and staff
from the Department of Biotechnology and Medical Engi-
neering, National Institute of Technology (NIT) Rourkela,
participated in this sensory analysis study. The participants
were asked to fill out a questionnaire that requested their
basic demographic information (age, gender) as well as their
familiarity with the beverage, along with a consent form.
Consumer acceptance was determined using the 9-point
hedonic scale and the food action rating scale test. For sen-
sory evaluation, participants were asked to rate the prototype
on a 9-point hedonic scale on attributes such as sweetness,
aroma, flavor, tartness, mouthfeel and overall preference.
The food action rating scale test measured the incidences of
drinking using a 9-point scale. The data collected was then
assessed to find consumer acceptability.
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Results and discussion

Variation in microbial load during Kombucha
fermentation with different tea substrates

The growth rate of microorganisms depicts the progress
of Kombucha fermentation and thereby the nutrient con-
sumption and product yield. The growth rate of bacteria
and yeasts sampled from Kombucha beverage cultured with
different tea substrates over the period of 14 days are rep-
resented in Fig. la, b. For all the tea substrates, the bac-
teria and yeast growth were found to rapidly increase up
to 6th day of fermentation, beyond which a decline was
observed in the present study. Thus, it was confirmed that
the tea waste provided the requisite biochemical components
for the growth of desired bacteria and yeast. Thus, to fur-
ther confirm the capacity of the waste tea leaves to support
microbial growth, the plate count was carried out as shown
in Fig. Ic. Maximum cell density of 4x 10® CFU mL™!
and 3x 10" CFU mL~! was observed for yeast and bacte-
ria respectively after the 6 day in case of tea waste based
Kombucha beverage. Similar results were also obtained
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Fig. 1 Optical density (OD) at 600 nm for a bacterial and b yeast cultures during Kombucha beverage fermentation ¢ cell count of bacterial and

yeast during tea waste based Kombucha beverage fermentation
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by Tran et al. (2022) reporting the maximum cell density
of 6x10° CFU mL~! and 1 x 10" CFU mL™! for yeast and
bacteria respectively in Kombucha beverage prepared from
black tea. Comparable to the present study, the authors have
also reported a decline in growth of microorganism after
7 days due to a decline in pH.

Variation in biochemical constituents
during Kombucha fermentation with different tea
substrates

The nitrogenous compounds in tea influences the metabolic
activity of the symbiotic culture of bacteria and yeast, which
thereby affects the biochemical profile of Kombucha bever-
age. Figure 2a—d showed the variation in pH, sugar content,
glucose concentration and potential alcohol in Kombucha
beverage at an interval of two days. The initial sucrose con-
tent (apparent brix) and potential alcohol was found to be
similar in case of all the tea substrates. Over a period of
14 days, the sucrose content (apparent brix) declined from 5°
Brix, by almost 30% in all the cases (Fig. 2a). The potential
alcohol content in all tea samples fairly remained constant
and a slight decline was observed after 14 days (Fig. 2b).
An increase in acid concentration with decline in pH value
was also observed over the given time-period as evident in
Fig. 2c. pH of the Kombucha beverage was found to decline
from 4 gradually to 2, for all the tea substrates after a period
of 14 days This could be corroborated to the reason that
sucrose is metabolized by the yeast to produce glucose
which is then used by the acetic acid bacteria producing
cellulose and acids like glucuronic and gluconic acid etc. As
evident in Fig. 2d, the glucose concentration was found to
increase gradually until the 8th day reaching the maximum
value of 3.5-3.8 g/L, beyond which it was found to decline
for all the tea substrates. Gaggia et al. (2019) reported a
variation in glucose concentration of 8—11 g/L after 7 days
of fermentation depending on the type of tea used i.e., black
tea, green tea or rooibos tea. Since, the nitrogenous com-
ponents and vitamins play an essential role in governing
the metabolism of yeast, thereby its potential to breakdown
sucrose into glucose and fructose, the concentration of glu-
cose in Kombucha beverage might vary with the tea sub-
strate. Kallel et al. (2012) also project a relative variation in
the biochemical profile and the rate of glucose consumption
with the changes in type of tea used during Kombucha fer-
mentation. A decrease in pH of Kombucha beverage samples
were also observed by Zubaidah et al. (2018) due to the
metabolic conversion of glucose by Acetobacter into organic
acids. pH also influences the sensory property of Kombu-
cha beverage as increase in acidity might make the product
too sour for consumption (Jayabalan et al. 2010). Thus, an
incubation time of 8 days with a glucose content of 3.8 g/L
with pH of 3 is good enough for consumption.

@ Springer

The radical scavenging activity of different Kombucha
samples determined by DPPH assay are shown in Table 1.
The DPPH radical scavenging activity was found to increase
with time for all the tea substrates. Maximum radical scav-
enging activity of 56.27 + 1.1% was obtained with green tea
after a period of 14 days. Kombucha beverage produced with
tea waste also showed a comparable antioxidant potential
as that of the black and green tea with radical scavenging
activity of 40.44 +4.38%. Degirmencioglu et al. (2020) have
also studied the Kombucha fermentation with different tea
substrate and found the green tea Kombucha had maximum
antioxidant properties. Muhialdin et al. (2019) showed that
the Kombucha culture exhibited good antioxidant properties
throughout the fermentation period of 14 days (Fig. 2).

Metagenomic study of isolates of Kombucha beverage
produced from tea waste

Microbial taxonomy of bacterial isolates

Sequencing was done to generate 90,000-1,10,000 reads per
sample and were analysed for quality using FastQC. A total
of 113,448 sequences of varying length between 360 and
1646 bp was obtained from sequencing. After the removal
of primers and adapter sequences, the GC content was found
to be 55%. rRNA gene-based results showed that there are
two different bacterial phyla in the Kombucha beverage e.g.
Firmicutes, and Proteobacteria. Among these phyla, Proteo-
bacteria was dominant (>99%) in the sample throughout the
fermentation process. Amplicon analyses showed that 93.4%
of the sequences assigned to the Komagataeibacter rhaeticus
belonged to Proteobacteria phylum (Fig. 3).
Komagataeibacter rhaeticus and Gluconobacter oxydans
were observed to be the two main bacterial species present in
the Kombucha beverage prepared from the tea waste in the
present study. More specifically, at the species level, Koma-
gataeibacter rhaeticus was the dominant bacteria (93%), fol-
lowed by Gluconacetobacter sp. (6%) as evident from Fig. 3.
Similar results were obtained by Villarreal et al. (2020)
showing the presence of 80% of Acetobacteraceae, with the

Table 1 Variation in DPPH radical scavenging activity during Kom-
bucha fermentation with variation in tea substrate

Tea Substrate  Day 0 Day 8 Day 14

Black Tea 29.41+0.095%  35.52+9.3% 48.68 +£2.13%
Green Tea 46.35+5.37% 54.67+222%  56.27+1.1%
Waste Tea 32.03+4.17% 36.3+6.8% 40.44+4.38%

*QOther conditions of fermentation comprising 8% w/v sucrose, 1.2%
w/v tea, along with 10% v/v of previously fermented Kombucha
tea and 5% w/v of inoculum/symbiotic culture of bacteria and yeast
[SCOBY] at 30+ 5 °C were kept constant during the entire period of
study
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dominant genera being Komagataeibacter, Gluconoceto-
bacter and Gluconobacter in Kombucha beverage prepared
from black tea. Authors reported the presence of Komaga-
taeibacter rhaeticus as the dominant bacteria followed by
Gluconabacter sp. SXCCI at the species level. Gaggia et al.
(2019) projected that while beverage prepared from black
tea and green tea had Komagataeibacter sp. in dominance,
however, Gluconobacter sp., was found to be dominant in
Kombucha beverage prepared from rooibos tea. The bacte-
rial genera obtained is in agreement with the studies done
by most authors (Marsh et al. 2014; Chakravorty et al. 2016)
on Kombucha tea using black tea as substrate. Thus, it could
be projected that tea waste could act as cheaper substrate
to produce beverage with microbiome and quality similar
to the commercially marketed beverage from black/green
tea. Further, the presence of Komagataeibacter and Glu-
conabacter is also expected to form a symbiotic relationship
with the microbes present in the gut, thereby promoting the
probiotic effect.

Microbial taxonomy analysis of yeast genera

The BLAST results showed the yeast strain in Kombucha
beverage produced from tea waste had high similarity with
the Brettanomyces bruxellensis species (Supplementary
Table S1). Two genera of yeast i.e. Brettanomyces bruxellen-
sis and Dekkera bruxellensis were identified in the Kombu-
cha beverage (Fig. 4). Villarreal-Soto et al. (2020) reported
the abundance of 29.56% of B. bruxellensis and 16.11% of
S. pombe. Contrary to the present study, Marsh et al. (2014)
have reported the presence of Zygosaccharomyces sp., in

Kombucha beverage obtained from black tea. Similar results
were obtained by Coton et al. (2017), suggesting that Kom-
bucha beverage from green tea showed the presence of Dek-
kera bruxellensis, D. anomala, Zygosaccharomyces bailii
and Hanseniaspora valbyensis. Thus, as evident from the
literature comparisons, the type of tea might influence the
presence of yeast genera. The presence of Dekkera sp., in the
present study is also expected to provide a pleasant flavour
to beverage as projected in the study by De Keersmaecke,
(1996), thereby improving its organoleptic properties.

Nutrition content, physicochemical and organoleptic
analysis of Kombucha beverage prepared from tea
waste

Nutritional and physiochemical properties of Kombucha
beverage plays an essential role in influencing the health
aspects during consumption. The nutritional content, trace
metals as well as the microbial and physico-chemical prop-
erties of the Kombucha beverage (light brown in colour)
prepared from tea waste and the water utilized in analysis
was evaluated through the manual of methods for analy-
sis of foods by the Food Safety and Standard Authority of
India (Food Safety and Standard Authority of India (FSSAI)
2016). The quality of water analysed showed no load of
microbial contaminants, and physical as well as chemical
parameters within the agreeable limits, thus ensuring the
safety of product during the regular consumption (Supple-
mentary Table S2). The beverage had significant quantity
of carbohydrates (8.5%) and energy (32 kcal/100 g) with
minimal protein and fat content as provided in Table 2. The

Brettanomyces bruxellensis strain ICMP 21922
Brettanomyces bruxellensis strain JYC2620
Brettanomyces bruxellensis strain JYC2595
Brettanomyces bruxellensis strain JYC2592
Brettanomyces bruxellensis culture CBS 2547
Dekkera bruxellensis strain ATCC 200341
Unknown

Brettanomyces bruxellensis strain JYC2537
Brettanomyces bruxellensis culture CBS 2796

Dekkera bruxellensis voucher Bb FS USJ3

Fig. 4 Phylogenetic tree generated using neighbor joining algorithm for identification of the closely related evolutionary strains in Kombucha

beverage produced from the tea waste
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Table 2 Nutritional and trace

Parameters Unit Result Test method

metal content of Kombucha

beverage produced from the tea  Carhohydrates g/100 g 8.5 KLPL/SOP/FOOD-139

waste Energy Keal/100 g 34.0 KLPL/SOP/FOOD-139
Protein g/100 g <04 KLPL/SOP/FOOD-160
Total fat g/100 g <0.1 KLPL/SOP/FOOD-139
Total soluble solids % by mass 8.2 Manual of methods, metals FSSAI 2016
Acidity as citric acid % by mass 0.012 FSSAI Manual 2016
Arsenic (As) mg/kg <0.001 Manual of methods, metals FSSAL,2016
Copper (Cu) mg/kg <0.5 Manual of methods, metals FSSAL2016
Lead (P) mg/kg <0.02 Manual of methods, metals FSSAI 2016
Zinc (Zn) mg/kg <0.1 Manual of methods, metals FSSAI2016

pH of the beverage was 3.4, with total acidity (in terms of
citric acid content) of 0.012% weight. 100% raw Kombucha
contained 12 kcal of energy with 3.33 g carbohydrates in
100 ml of sample (U.S. Department of Agriculture 2019).
Kaashyap et al. (2021) reported a pH of 3.0, with 1.87 g/L.
glucose, 1.11 g/L sucrose and 3.31 pg/ml in Kombucha bev-
erage prepared from 75% green tea and 25% oolong tea.
Very minimal concentration of trace metals was observed
in Kombucha beverage, showing its suitability for consump-
tion. Bauer-Petrovska and Petrushevska-Tozi (2000) also
showed negligible presence of trace elements in Kombucha
beverage. Jakubczyk et al. (2020) projected that the bio-
chemical and nutritional composition of Kombucha bever-
age is influenced by the tea type, since it provides the major
source of nitrogenous components for promoting the growth
of the microbial community.

Evaluation of the sensory value of Kombucha tea showed
maximum acceptability for the natural brew, followed by
moderate acceptability for other flavours. On the Hedon-
ics scale from 1 to 9, the Kombucha beverage overall was
rated with a scale of 7.17+1.76. The ratings for other
attributes were highest in flavour (7.47 + 1.34), followed
by mouthfeel (7.13 +1.76), tartness (7.01 £ 1.77), sweet-
ness (6.99 +1.60) and aroma (6.84 + 1.80). On the Food
Action Rating Scale Test (1 to 9), the average rating for the
beverage was 6.50 + 1.76 referring to “I like this and would
drink it now and then”. Thus, it could be concluded that the
Kombucha beverage produced from the tea waste had the
desirable nutritional qualities and organoleptic properties
for consumption.

Conclusion

Tea waste produced from the tea processing industries
could act as an alternative to the commonly utilized black
and green tea leaves during Kombucha beverage produc-
tion. The microbial load, nutrient profile along with the
product yield and antioxidant scavenging potential of the

Kombucha beverage produced from the tea waste were
comparable to that of the green and black tea. The pre-
sent study also reported the presence of Komagataeibacter
rhaeticus (93% abundance), while the yeast species was
found to have 98% similarity with Brettanomyces bruxel-
lensis in Kombucha beverage prepared from tea waste. The
nutritional content analysis revealed the presence of sig-
nificant amount of carbohydrates (8.5 g/100 g) and energy
(34 kcal/100 g) with organoleptic properties suitable for
human consumption. Even-though the symbiotic presence
of the identified bacterial and yeast microbiota is expected
to favourably influence the gut microbiota, detailed pro-
biotic assays are essential to confirm their health impacts.
More such studies linked with metabolomics are required
to establish the linkage between the diversity in micro-
biome with the changes in the bioprocessing conditions
influencing the functional properties of the beverage, pro-
moting its beneficial applications.
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