
Frontiers in Microbiology 01 frontiersin.org

Metagenomic, organoleptic 
profiling, and nutritional 
properties of fermented 
kombucha tea substituted with 
recycled substrates
Suriyapriya Selvaraj 1 and Kalaichelvan Gurumurthy 2*
1 School of Biosciences and Technology, Vellore Institute of Technology, Vellore, Tamil Nadu, India, 
2 VIT School of Agricultural Innovations and Advanced Learning, Vellore Institute of Technology, 
Vellore, Tamil Nadu, India

Kombucha fermentation yields a diverse range of beneficial macro and 
micronutrients. In our study, we examined the metabolites, antioxidant activity, 
organoleptic characteristics, and nutritional attributes of traditionally prepared 
kombucha tea, using black tea and sugar (control) as substrates, and compared 
them with tea made from tea dust and blackstrap molasses (test). Kombucha tea 
crafted from functional raw materials exhibited enhanced sensory qualities and 
improved health-promoting properties. The levels of tannins, flavonoids, and 
phenols play a crucial role in determining the antioxidant activity of kombucha 
tea. Using the DPPH and FRAP methods, we investigated the antioxidant activity 
throughout the fermentation period, ranging from day 0 to day 12, under 
optimized conditions. The results consistently demonstrated an initial increase 
in antioxidant activity from day 0 to 6, followed by a decline from day 6 to 
12. Notably, statistical analysis revealed that the antioxidant activity of the test 
sample was significantly better (p >  0.001) compared to the control sample. The 
nutritional content of the kombucha from day 6 of the test sample is higher 
than the control sample provided sugars (fructose 0.4  ±  0.1, glucose 0.7  ±  0.1, 
sucrose 1.4  ±  0.1) g/100  mL, minerals (calcium, 19.4  ±  0.15, iron 23.1  ±  0.25, and 
potassium 28.3  ±  0.25) mg/100  mL, vitamins (B1 0.58  ±  0.01, B2 0.30  ±  0.02, B3 
0.33  ±  0.02, B6 0.75  ±  0.02, B9 0.19  ±  0.03, B12 0.9  ±  0.03, and C 1.38  ±  0.06) 
mg/100  mL, sodium 4.35  ±  0.25  mg/100  mL, calories 14.85  ±  0.25  mg/100  mL, 
carbohydrates 3.135  ±  0.12, and acids (acetic acid 4.20  ±  0.02, glucuronic acid 
1.78  ±  0.02) mg/100  mL on day 12. The predominant microbial species identified 
in both control and test samples included Komagataeibacter rhaeticus, 
Gluconobacter oxydans, Brettanomyces bruxellensis, and Zygosaccharomyces 
bailli, each with varying dominance levels. These microorganisms play essential 
roles in metabolizing sugars, generating acids, and contributing to the distinctive 
flavor profile of kombucha. Sensory evaluations of the control and test samples 
were analyzed, and the overall preference was 88% for the test sample with tea 
dust and molasses. The sensory characteristics of the test sample included a 
fruity smell (41%), fizzy texture (66%), bright color (47%), and a fruity taste (67%), 
with overall acceptability (56%) rating it as excellent. Our research contributes 
to a deeper understanding of the interplay between raw materials, microbial 
composition, and the resulting composition of bioactive compounds.
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1 Introduction

Kombucha is a fermented tea that is made by fusing sweetened black 
tea with a cellulose mat called SCOBY, which is a symbiotic consortium 
of various strains of bacteria and yeast. It is consumed for its health 
benefits and therapeutic properties. Kombucha is traditionally prepared 
by steeping black tea leaves in hot water. Sugar is added as a sweetener 
and for the growth of the microbes in the culture. A symbiotic 
consortium of bacteria and yeast (SCOBY) is the starter culture, which 
is inoculated into the sweetened tea and allowed to ferment. The 
kombucha tea is best brewed in a glass container that is covered with a 
muslin cloth and secured with rubber bands. It is left to ferment for 
7–10 days at room temperature. Fermented tea has an impact on the 
intestinal microbiota and is rich in bioactive compounds and 
antioxidants (Jayabalan et  al., 2014). The Department of Consumer 
Affairs price monitoring unit has listed the price for sugar as 0.54 USD/
kg and for black tea powder as 3.37 USD/kg. The Ministry of Petroleum 
and Natural Gas has set the price for blackstrap molasses at 0.36 
USD/L. Blackstrap molasses and tea waste are considered by-products of 
the agro-industrial industry and are used as carbon and nitrogen sources, 
respectively. These byproducts are produced in larger quantities and can 
be utilized as the growth medium for kombucha production, and they 
are eco-friendly and cost-effective (Valli et al., 2012; Gargey et al., 2019). 
Blackstrap molasses is a beneficial raw material in the fermentation 
process as it is cost-effective and also rich in minerals, organic 
compounds, and vitamins (Rodrigues et al., 2006; Malbaša et al., 2008). 
Research by Iqbal found molasses to have significantly higher phenolic 
content (3,751 μg GAE/g) compared to raw sugar (27.75 μg GAE/g) and 
refined sugar (23.81 μg GAE/g), making them a beneficial alternative raw 
material for kombucha production (Iqbal et al., 2017). The quality and 
quantity of the starter culture, type of tea, and sugar determine the 
concentration and flavor of the metabolites present in the fermented tea 
(Jayabalan et al., 2014). Kombucha has high beneficial values and is taken 
as a refreshment beverage (Sreeramulu et al., 2000). Green tea, oolong 
tea, lemon balm tea (Četojević-Simin et al., 2012), jasmine tea, and 
mulberry tea (Talawat et al., 2006) were used as nitrogen sources in 
kombucha fermentation. By-product waste like banana peel extract 
(Ebrahimi Pure and Pure, 2016), soybean whey (Tu et al., 2019), and 
acerola (Leonarski et al., 2021) were used as raw materials for kombucha 
fermentation. The bacteria and yeast in kombucha utilize substrates and 
produce various beneficial metabolites. The metabolites of the fermented 
tea beverage consist of macronutrients and microelements, which were 
examined under static conditions (Jayabalan et al., 2014; Kaewkod et al., 
2019; Jakubczyk et al., 2020). Kombucha provides acids (Chen and Liu, 
2000; Sreeramulu et al., 2001; Malbaša et al., 2002), sugars (Chen and Liu, 
2000), metals, anions, vitamins (Bauer-Petrovska and Petrushevska-Tozi, 
2000; Kumar et  al., 2008), amino acids, proteins, enzymes, ethanol, 
antibiotic substances, carbon dioxide, phenol, fiber, tea polyphenols, 
antioxidants (Malbaša et  al., 2011), and trace amounts of alcohol 
(Jayabalan et al., 2007; Leal et al., 2018). D-saccharic acid-1,4-lactone 
(DSL) acid, derived from d-glucaric acid, contributes to detoxifying and 
antioxidant properties (Bhattacharya et al., 2013). The antimicrobial 
effects of oxalic acid, saccharic acid, gluconic acid, succinic acid, and 
carbonic acids in kombucha have potential sleep-improving benefits 
(Sreeramulu et al., 2001). Glucuronic acid and malic acid aid in liver 
detoxification and limit lipid peroxidation (Jayabalan et  al., 2008a). 
Kombucha fermentation also yields various vitamins, including vitamin 
B1, known for its anti-aging properties; vitamin B2, which helps prevent 
arthritis and allergies; vitamin B12, associated with memory 

enhancement (Bauer-Petrovska and Petrushevska-Tozi, 2000); vitamin 
B6, which aids in battling depression, stabilizing mood, enhancing 
concentration, and preventing stroke and obesity; and water-soluble 
vitamin C (Malbaša et al., 2011), which is known to suppress the release 
of cortisol (Dufresne and Farnworth, 2000). Kombucha exhibits 
prophylactic and therapeutic benefits influenced by raw materials, sugar 
type, fermentation duration, and starter culture (Selvaraj and 
Gurumurthy, 2023). Demonstrated biological activities include anti-
inflammatory (Chakravorty et al., 2016; Vázquez-Cabral et al., 2017), 
antibacterial (Cardoso et al., 2020), anti-carcinogenic (Jayabalan et al., 
2011), antimicrobial (Sreeramulu et  al., 2000; Battikh et  al., 2012), 
antioxidant (Chakravorty et al., 2016; Shahbazi et al., 2018; Ivanišová 
et  al., 2020; Jakubczyk et  al., 2020), and anti-proliferative effects 
(Deghrigue et al., 2013; Cardoso et al., 2020). In vivo experiments on 
mice show antioxidative stress effects against chromate (Sai Ram et al., 
2000), lead (Dipti et al., 2003), hypoxia, cold (Pauline et al., 2001), and 
alloxan-induced oxidative stress damage (Aloulou et  al., 2012; 
Bhattacharya et al., 2013). Kombucha prevents myocardial tissue leakage, 
offering cardiac protection (Lobo and Shenoy, 2015). Anti-diabetic and 
renoprotective effects against diabetes have been observed (Hosseini 
et al., 2016; Zubaidah et al., 2019). Kombucha exhibits anti-lipidemic and 
anti-atherogenic effects against alloxan diabetics (Aloulou et al., 2012; 
Lobo et  al., 2017). Anti-virulence activity against Vibrio cholerae 
(Bhattacharya et al., 2020) and cholesterol-lowering activity (Adriani 
et al., 2011) have been explored. Kombucha consumption studies on 
mice demonstrate longevity, improved lifespan, and general health 
(Hartmann et al., 2000). Kombucha protects against nephrotoxicity by 
inhibiting lipid peroxidation (Gharib, 2010). Cytogenic activity 
(Mrdanović et al., 2007) and chromosomal aberrations (Cavusoglu and 
Guler, 2010) were observed in human lymphocytes. Shenoy confirmed 
kombucha’s hypoglycemic activity by monitoring blood sugar levels in 
mice post-consumption (Shenoy, 2000). Banerjee et al. demonstrated 
kombucha’s ability to heal stomach ulcers in mice (Banerjee et al., 2010). 
Kombucha aids in halting phenol-induced cytotoxicity (Yapar et al., 
2010). Četojević et  al. utilized CHO-K1 cell lines from hamsters to 
investigate protection against genotoxic effects (Četojević-Simin et al., 
2012). Kombucha is an easily accessible probiotic drink that can be added 
to the diet for more nutrition and health benefits. Kim and Adhikari 
(2020) noted the absence of dedicated work on kombucha’s sensory or 
consumer evaluation. While some publications mention such research, 
none offer sufficient or accurate details. Recognizing the growing 
research interest in kombucha, a study addressing this gap conducted a 
thorough sensory evaluation and examined consumer preferences. The 
study utilized suitable methodologies, ensuring an accurate interpretation 
of the results. It gains attention for its nutrition and high sources of 
antioxidants from vitamins and polyphenolic compounds. Hence, the 
nutritional value, antioxidants, and sensory properties of kombucha 
fermentation from agro-industrial substrates are analyzed.

2 Materials and methods

2.1 Sample collection

The kombucha starter culture was sourced from Gut Basket through 
Amazon. Table sugar is the most common choice for a fermentable sugar 
source. Tea dust was collected from TANTEA-Tamil Nadu Tea Plantation 
Corporation Limited, Nilgiris, Tamil Nadu (13°02′00.3”N 80°16′03.7″E), 
which is undertaken by the state government. Molasses was supplied by 
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Vellore Cooperative Sugar Mills and Sugar Research Institute, Vellore, 
Tamil Nadu (12°58′36.7”N 79°14′25.1″E).

2.2 Preparation of kombucha tea

The control sample had black tea as a nitrogen source and sugar as 
a carbon source, whereas the test sample had tea dust as a nitrogen 
source and molasses as a carbon source. The tea leaves and tea dust are 
from Camellia sinensis. Kombucha tea for the control sample was 
prepared (Figure 1) by boiling 10 g/L of black tea and allowing it to cool 
to room temperature. 75 g/L of sugar is added to it, and the pH is 
adjusted to 5 using a digital pH meter by Hanna Instruments (model 
number Z655295). The test sample was autoclaved at 121°C under 15 psi 
for 15 min. After cooling, 20 g/L of starter culture was inoculated and 
left for 10 days of incubation at 30°C (Laavanya et al., 2021). The test 
sample was prepared (Figure  1) by boiling 10 g/L of tea dust and 
allowing it to cool to room temperature. 75 g/L of molasses was added 
to it, and the pH was adjusted to 5 using a digital pH meter by Hanna 
Instruments (model number Z655295). The test sample was autoclaved 
at 121°C under 15 psi for 15 min. After cooling, 20 g/L of starter culture 
(mother) was inoculated into both the test and control samples and left 
for 6 days of incubation at 30°C (Selvaraj and Gurumurthy, 2023). The 
mother culture was common for both the control and test samples. The 
kombucha tea was allowed to ferment for 6 days and collected from 
control and test samples for metagenomic analysis. The samples are 
centrifuged and stored at −20°C for further study.

2.3 Physicochemical analysis of the raw 
materials

2.3.1 Physicochemical analysis of the tea leaves 
and tea dust

The physicochemical analysis of the tea leaves and tea dust was 
done to determine the differences or similarities in the content of the 

moisture, total soluble solids, caffeine, polyphenols, nitrogen, and ash 
in them.

2.3.1.1 Analysis of the moisture content of the tea leaves 
and tea dust

The moisture content of the tea leaves and tea dust was determined 
by the International Organization for Standardization (ISO) 7,513. 2 
grams of the tea leaves and tea dust samples were taken separately in 
an aluminium dish and allowed to dry in a hot air oven at 103°C for 
4 h. The dried samples are allowed to cool in a desiccator and weighed. 
The moisture content was calculated using the given formula;

 Moisture Content M M Mo o= −( )×1 100/

where Mo is the initial weight of the sample and M1 is the final 
weight of the dried sample.

2.3.1.2 Analysis of the total soluble content of the tea 
leaves and tea dust

The total soluble content in the tea leaf and tea dust samples 
was estimated by the International Organization for 
Standardization (ISO) 9,768. The soluble components in the tea 
leaves and tea dust are extracted by boiling them through reflex. 
The residues are filtered, washed, and allowed to dry in a hot air 
oven. The water extract is then determined by weight, and the 
soluble matter is expressed as a percentage of the mass on a 
dry basis.

2.3.1.3 Analysis of the caffeine content of the tea leaves 
and tea dust

The determination of caffeine content in both tea leaf and tea dust 
samples was conducted using the International Organization for 
Standardization (ISO) method 10,727, employing High-Performance 
Liquid Chromatography (HPLC). Caffeine was extracted from the 
samples through reflux with water in the presence of magnesium 

FIGURE 1

Preparation of kombucha tea control and test samples (Selvaraj and Gurumurthy, 2023). (A) Preparation of the control sample. (B) Preparation of the 
test sample.
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oxide. Following filtration, the quantification of caffeine content was 
performed using high-performance liquid chromatography with an 
ultraviolet detector, allowing measurements within a wavelength 
range spanning from 254 nm to 280 nm. A reversed-phase C18 type 
column was employed, with methanol serving as the mobile phase. 
After achieving a stable flow rate for the mobile phase and temperature, 
inject the caffeine standard solutions onto the column, followed by an 
equivalent volume of the sample solutions. Repeat the injection of 
standard solutions at regular intervals. Collect and record the data for 
the peaks observed in both the standards and test samples.

2.3.1.4 Analysis of the nitrogen content of the tea leaves 
and tea dust

The determination of total nitrogen content in tea leaf and tea dust 
samples followed the International Organization for Standardization 
(ISO) method 16,634. The Dumas method, an analytical technique for 
quantifying total nitrogen content, involves a process of combustion, 
reduction, separation, and detection. In this method, tea samples are 
heated to high temperatures and burned in the presence of oxygen, 
producing carbon dioxide, water, and nitrogen oxides. The gas mixture 
undergoes reduction and separation over hot copper to eliminate 
oxygen and convert nitrogen oxides to nitrogen. Traps are employed 
to remove water and carbon dioxide from the sample. The released 
total nitrogen content was measured and expressed as a percentage 
mass fraction in the results.

2.3.1.5 Analysis of the polyphenol content of the tea 
leaves and tea dust

The evaluation of polyphenol content in tea leaf and tea dust 
samples adhered to the standards outlined in the International 
Organization for Standardization (ISO) 14,502-1, utilizing the Folin–
Ciocalteu colorimetric method. The analytical tools employed 
included an analytical balance, a water bath, pipettes, tubes, flasks, and 
a spectrophotometer. The key reagents involved in the process were 
acetonitrile, methanol, sodium carbonate solution, gallic acid, and 
Folin–Ciocalteu phenol reagents. The test and control samples were 
stabilized by dissolving them in hot water with 10% acetonitrile. Then 
Folin–Ciocalteu reagent, followed by sodium carbonate, was added to 
10 mL of the filtered control and test samples. The mixture was then 
incubated for two hours at room temperature (37°C). The phospho-
tungstic acids in the samples are oxidized to phenolic hydroxy groups 
by the Folin–Ciocalteu reagent, and a blue colour is produced. The 
absorbance was measured at 765 nm on a BioTek 800 TS Absorbance 
Reader (model number 40-006) with ethanol as the blank. The 
polyphenolic content of the samples was determined with gallic acid 
as a reference standard. Total polyphenol was reported as gallic acid 
equivalent (GAE)/g of the sample.

2.3.1.6 Analysis of the ash content of the tea leaves and 
tea dust

The evaluation of ash content in tea leaf and tea dust samples 
adhered to the standards outlined in the International Organization 
for Standardization (ISO) 1,575. The samples were taken in a dish and 
heated at 525 ± 25°C in a muffle furnace until the ash was visibly free 
from carbon particles. The ash was cooled, moistened with distilled 
water, dried in a steam bath, and then placed on a hot plate. The 
sample was taken in the dish, returned to the furnace, heated for 
60 min, cooled in a desiccator, and weighed. Subsequently, it 

underwent another heating cycle in the furnace for 30 min, followed 
by cooling and weighing. This multi-step process is crucial for the 
accurate determination of the ash content in the tea leaves and 
tea dust.

2.3.2 Physicochemical analysis of molasses
The physicochemical analysis of the molasses was done to 

determine the pH, brix, specific gravity, and total sugars in them.

2.3.2.1 Analysis of the pH of molasses
A digital pH meter (Hanna Advanced pH Benchtop Meter-

HI6221-02) was used to measure the pH of the molasses sample by the 
ISO 10523 method. The pH estimation was done to determine the 
acidity or alkalinity by measuring the concentration of hydrogen ions 
in the molasses.

2.3.2.2 Analysis of the brix of molasses
A Labart (0–90% brix model) handheld refractometer was used 

to determine the brix value of the molasses. It was used to measure the 
sugar (sucrose) concentration in the molasses by weight by the ISO 
2173 method. The refractometer measures the refraction of light as it 
passes through a liquid. The greater the concentration of sugar in the 
liquid, the higher the degree of light refraction.

2.3.2.3 Analysis of the specific gravity of molasses
The evaluation of specific gravity content in molasses was 

conducted following the guidelines outlined in the International 
Organization for Standardization (ISO) 10,349-11. A volume of 2 mL 
of molasses was carefully placed in the test cylinder and stabilized at 
20°C to ensure accurate readings. The insertion of a hydrometer into 
the sample provided a quantitative measure of the relative density of 
molasses when compared to the standard density of water.

2.3.2.4 Analysis of the sugars in molasses
The sugars (fructose, glucose, and sucrose) in the samples were 

analyzed using high-performance liquid chromatography (HPLC) by 
following the method from Wan (Wan Sapawi and Hussin, 2019). The 
sugars were quantified based on calibration curves compared to the 
maltose as standard. 6 μL of filtered control and test samples of the 
kombucha tea were injected into a HPLC system equipped with a 
refractive index detector by an isocratic pump and a column. A 
mixture of acetonitrile and deionised water was used as a mobile 
phase. The flow rate of 1 mL/min was maintained at room temperature. 
The retention times of each sugar are recorded as resolution peaks at 
220 nm. The concentrations of the sugars in both the control and test 
samples were quantified with reference to the standard curves (Wan 
Sapawi and Hussin, 2019).

2.3.2.5 Analysis of the nitrogen content in molasses
The determination of total nitrogen content in molasses sample 

followed the International Organization for Standardization (ISO) 
method 16,634. The Dumas method, an analytical technique for 
quantifying total nitrogen content, involves a process of combustion, 
reduction, separation, and detection. In this method, the molasses was 
heated to high temperatures and burned in the presence of oxygen, 
producing carbon dioxide, water, and nitrogen oxides. The gas mixture 
undergoes reduction and separation over hot copper to eliminate 
oxygen and convert nitrogen oxides to nitrogen. Traps are employed 
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to remove water and carbon dioxide from the sample. The released 
total nitrogen content was measured and expressed as a percentage 
mass fraction in the results.

2.4 Microbial diversity of kombucha

The microbial diversity analysis of kombucha followed the 
protocol established by Kaashyap and Pradhan, as outlined in their 
studies (Kaashyap et al., 2021; Pradhan et al., 2023). 1 mL of 6 day 
fermented kombucha tea was filtered and collected from the control 
and test samples. 1 gram of cellulosic fermented (SCOBY) from the 
control and test samples was collected and chopped into small 
fragments using a sterile blade. The tea and SCOBY samples were 
collected in sterile microfuge tubes to extract the DNA and explore 
the microbial diversity. The whole genome sequencing of the SCOBY 
layer of the control and the test was analyzed by 16S and internal 
transcribed sequencing (ITS). 16S and ITS sequencing are commonly 
used amplicon sequencing methods to identify the bacteria and fungi 
present in a sample. The 16S sequencing method targets the 16S rRNA 
gene, whereas the ITS sequencing method targets the internal 
transcribed spacer regions of fungal DNA. The DNA extraction was 
done using the commercially available gDNA xplorogen kit as per the 
manufacturer’s recommendation. The kombucha samples K1 and K2 
are added to the microfuge tube containing lysis buffer and proteinase 
K. Vortex thoroughly until a homogeneous slurry is obtained, and 
incubate at 65°C for 15 min for cell lysis. An equal volume of phenol, 
chloroform, and isoamyl alcohol was added to the lysate and mixed 
gently. Then centrifuge at 10,000 rpm for 5 min to separate the 
supernatant and pellet. Transfer the supernatant to a new tube and add 
isopropanol to the aqueous phase to precipitate DNA. Mix the solution 
and incubate at −20°C for at least 30 min. Centrifuge at 10,000 rpm 
(4°C) for 10 min to pellet the DNA. Wash the DNA pellet with 70% 
ethanol to remove impurities. Centrifuge at 10,000 rpm for 5 min and 
carefully remove the ethanol. The DNA pellet was allowed to air-dry 
to remove any remaining ethanol. The purified DNA was resuspended 
in sterile, distilled water. The V3-V4 region of the 16 s gene was 
amplified by PCR. The TAQ master mix was composed of high-fidelity 
DNA polymerase, 0.5 mM dNTPs, 3.2 mM MgCl2, and PCR enzyme 
buffer. 40 nanograms of the extracted DNA are used for amplification, 
along with 10 pM of each primer. The primers used for 16 s were 
16sF-5’ AGAGTTTGATGMTGGCTCAG3’ and 16sR-5’ 
TTACCGCGGCMGCSGGCAC3’. The primers used for ITS 
sequencing were ITS1-5’ TTGGTCATTAGAGGAAGTAA 3′ and 
ITS2-5’ GCTGCGTTCTTCATCGATGC3’. The PCR conditions for 
25 cycles were systemized. The initial denaturation was at 95°C, 
followed by denaturation at 95°C for 15 s, annealing at 60°C for 15 s, 
and elongation at 72°C for 2 min. The final extension was at 72°C for 
10 min and halted at 4°C. The amplified DNA can then be further 
analyzed or sequenced for downstream applications, such as 
identifying microbial communities in the case of 16S gene 
amplification or characterizing fungal communities with ITS 
sequencing. The extracted DNA was purified and subjected to library 
preparation. The amplicons from the control and the test samples were 
purified with ampure beads. It removed the unused primers, leaving 
only the desired DNA fragments. Additionally, 8 cycles of PCR were 
performed using Illumina barcoded adapters, which involve attaching 
sequencing adapters with unique barcodes to the purified amplicons. 

These barcodes allow for the identification of individual samples 
during the sequencing process. Libraries were purified using Ampure 
beads to retain only fragments with attached adapters for sequencing. 
Quantification was performed with the Qubit dsDNA High Sensitivity 
assay kit. Sequencing utilized the Illumina Miseq 2x300PE v3 kit for 
accurate quantification of double-stranded DNA with 300 base pair 
reads. Raw data underwent quality checks using FASTQC and 
MULTIQC. TRIM GALORE trimmed adapters and low-quality reads, 
enhancing sequencing data quality. Trimmed reads were merged, and 
chimeric sequences were removed during PCR. QIIME facilitated 
microbial community analysis, including operational taxonomic unit 
(OTU) clustering, while KRAKEN provided taxonomic classification. 
The workflow involved abundance calculation, error correction, and 
accurate investigations at the genus level. Each read was classified 
based on coverage (%) and identity, offering taxonomic insights at the 
genus level. This 16S workflow is valuable for identifying pathogens in 
mixed samples and understanding microbial community composition. 
Accurate investigations at the genus level provide insights into 
microbial diversity and abundance.

2.5 Biochemical analysis and antioxidant 
activity of kombucha

The concentrations of lactic acid, acetic acid, citric acid, gluconic 
acid, and glucuronic acid in both the control and test samples were 
determined by high-performance liquid chromatography (HPLC) 
(Jayabalan et al., 2007). Analytical balance, filtration unit, membrane 
filter, pipettes, tubes, flasks, diode array detector, Phenomenex Luna 
C-18 (2) column, and HPLC. Potassium dihydrogen phosphate, 
methanol, and standards for lactic acid, acetic acid, citric acid, 
gluconic acid, and glucuronic acid. The organic acid content in the 
control (black tea and sugar) and the test (tea dust and molasses) was 
observed for 12 days of fermentation with an interval of 3 days. 5 mL 
of the filtered control sample and test sample were analyzed for lactic 
acid, acetic acid, citric acid, gluconic acid, and glucuronic acid by 
high-performance liquid chromatography (HPLC). A 10 μL sample 
was injected into an HPLC system with a diode array detector and a 
Phenomenex Luna C-18(2) column. The potassium dihydrogen 
phosphate and methanol mixture (97:3) was used as the mobile phase. 
The flow rate of 1 mL/min was maintained at 28°C. The retention 
times of each acid are recorded as resolution peaks at 220 nm. The 
concentrations of organic acids in both the control and test samples 
were quantified with reference to the standard curves (Jayabalan et al., 
2007). The tannin content in the kombucha tea samples was analyzed 
by BioTek 800 TS Absorbance Reader (model number 40-006) at a 
wavelength of 720 nm (Muzaifa et al., 2023). The flavonoids in the 
control and test samples were measured at an absorbance of 510 nm. 
It was determined using rutin as a reference standard for the 
calibration curve. The analysis was performed in triplicate (Jakubczyk 
et al., 2020). The total polyphenol content was determined using the 
Folin–Ciocalteu colorimetric method (ISO 14502-1). Folin–Ciocalteu 
reagent, followed by sodium carbonate, was added to 10 mL of the 
filtered control and test samples. The mixture was then incubated for 
2 hours at room temperature (37°C). The absorbance was measured 
at 750 nm on the BioTek 800 TS Absorbance Reader (model number 
40-006) with ethanol as the blank. The polyphenolic content of the 
samples was determined with gallic acid as a reference standard. Total 
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polyphenol was reported as gallic acid equivalent (GAE)/g of the 
sample. The analysis was carried out in triplicate (Chakravorty et al., 
2016). 0.3 mL of ferric chloride and potassium ferricyanide were 
added to 1 mL of the control and test samples, shaken, and allowed to 
settle. The antioxidant activity of the control (black tea and sugar) and 
test (tea dust and molasses) was observed for 12 days of fermentation 
by FRAP and DPPH assays. A ferric ion reducing antioxidant power 
(FRAP) assay was conducted to assess the reducing capability of 
antioxidants in the kombucha tea samples (Benzie and Strain, 1996). 
During this process, 100 μL of kombucha was mixed with 700 μL of 
the FRAP working solution. The FRAP working solution was prepared 
by combining a solution of 0.3 M acetate buffer, 10 mM TPTZ in 
40 mM HCl, and 20 mM ferric chloride in a ratio of 10:1:1. After a 
60 min incubation in darkness, the absorbance at 593 nm was 
measured using a microplate reader. The FRAP antioxidant activity 
was determined by comparing it to a calibration curve, with ferrous 
sulfate utilized as the standard and expressed as mmol Fe (II)/mL. The 
2,2-diphenyl-1-picrylhydrazyl (DPPH) technique was used to 
measure antioxidant activity in studies due to its stability. The graphs 
were plotted using Microsoft Excel and GraphPad Prism 9.5.0 
software. 100 μL of the test sample was mixed with 1 mL of 0.1 mM 
DPPH in ethanol and 450 ∝L  of 50 mM Tris-HCl buffer with a pH of 
7.4. The solution was incubated in the dark for 30 min at room 
temperature. The free-radical reduction was measured using an 
ELISA plate reader at 517 nm. A sample with black tea and sugar was 
taken as a control, whereas a sample with tea dust and molasses was 
taken as a test (Jayabalan et al., 2008b). This activity is given as % 
DPPH radical scavenging, calculated according to the 
following equation:
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2.6 Nutritional profiling of kombucha tea

Nutritional analysis was done to estimate the nutrition content 
of the fermented tea from control and test samples. Black tea with 
sugar as a substrate for kombucha beverages was used as a control 
sample. A black tea made from tea dust and blackstrap molasses was 
used as a test sample. Kombucha has high beneficial values and is 
taken as a refreshment beverage (Sreeramulu et  al., 2000). The 
nutritional content of kombucha tea is analyzed using sophisticated 
instruments. The experiments were done in triplicate, and the 
values were noted. This contributes to the robustness and reliability 
of the results.

2.6.1 Estimation of sugars in kombucha tea
The sugars (fructose, glucose, and sucrose) in the samples were 

analyzed using high-performance liquid chromatography (HPLC) by 
following the method from Wan (Wan Sapawi and Hussin, 2019). The 
sugars were quantified based on calibration curves compared to the 
standard. Analytical balance, filtration unit, membrane filter, pipettes, 
tubes, flasks, isocratic pump, refractive index detector, and 
HPLC. Standards of fructose, glucose, sucrose, acetonitrile, and 
deionised water. 6 μL of filtered control and test samples of the 

kombucha tea was injected into a HPLC system equipped with a 
detector by an isocratic pump and a column. A mixture of acetonitrile 
and deionised water was used as a mobile phase. The flow rate of 1 mL/
min was maintained at room temperature. The retention times of each 
sugar are recorded as resolution peaks at 220 nm. The concentrations 
of the sugars in both the control and test samples were quantified with 
reference to the standard curves (Wan Sapawi and Hussin, 2019).

2.6.2 Estimation of minerals in kombucha tea
Kombucha tea has trace elements of minerals that provide 

nutritional significance. The samples were analyzed according to the 
Food Safety and Standards Authority of India (FSSAI) manual of 
methods of food analysis by atomic absorption spectrophotometer 
(2016). Analytical balance, filtration unit, membrane filter, pipettes, 
tubes, flasks, and atomic absorption spectrophotometer. Standard 
solutions of minerals such as calcium, iron, copper, and potassium are 
used as references. The control and test samples were analyzed for 
minerals such as calcium, iron, copper, and potassium by an atomic 
absorption spectrophotometer. The air acetylene flame induces the 
ionization of the minerals that are detected by the spectrometry. 
Potassium and calcium are measured at a wavelength of 766.5 nm and 
422.7 nm, respectively. A calibration graph was plotted with 
absorbance readings against the mass concentrations of each mineral 
in the samples.

2.6.3 Estimation of vitamins in kombucha tea
The concentrations of vitamins in both the control and test 

samples were determined by high-performance liquid chromatography 
(HPLC) (Jayabalan et al., 2007). Analytical balance, filtration unit, 
membrane filter, pipettes, tubes, flasks, detector, column, and 
HPLC. Standard solutions of vitamins (B1, B2, B3, B6, B9, B12, and 
C) for reference. The vitamin (B1, B2, B3, B6, B9, B12, and C) content 
in the control (black tea and sugar) and the test (tea dust and molasses) 
was observed for 12 days of fermentation with an interval of 3 days. 
5 μL of filtered control and test samples of the kombucha tea was 
injected into a HPLC system equipped with a detector by an isocratic 
pump and a column. The flow rate of 1 mL/min was maintained at 
room temperature. The retention times of each vitamin are recorded 
as resolution peaks at 270 nm. The concentrations of the vitamins in 
both the control and test samples were quantified with reference to the 
standard curves (Jayabalan et al., 2007).

2.6.4 Estimation of ethanol content in kombucha 
tea

The ethanol content in the samples was determined by the 
dichromate method and quantified using the BioTek 800 TS 
Absorbance Reader (model number 40-006) based on the retention 
time (Muzaifa et  al., 2023). An analytical balance, pipettes, test 
tubes, beakers, a cuvette, and a spectrophotometer are required for 
the experiment. Potassium dichromate, sulfuric acid, potassium 
sulphate, distilled water, and ethanol. 1 mL of potassium dichromate, 
sulfuric acid, and potassium sulphate were mixed with 2 mL of the 
control and the test samples, respectively. The samples were 
incubated in the dark for 2 h. A green colour is formed if the sample 
contains ethanol in it. 1 mL of the sample is diluted with 25 mL of 
distilled water and measured at 460 nm using the BioTek 800 TS 
Absorbance Reader (model number 40-006) (Wan Sapawi and 
Hussin, 2019).
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2.6.5 Estimation of protein content in kombucha 
tea

The total protein concentration in the control and test samples 
was quantified by the Lowry method colorimetric assay (Lowry et al., 
1951). The proteins in the samples reacted with the Folin–Ciocalteu 
reagent and produced a blue coloured phosphomolybdotungstate 
complex. The intensity of the color is directly proportional to the 
concentration of proteins in the sample. An analytical balance, 
filtration unit, membrane filter, pipettes, test tubes, beakers, water 
bath, hot air oven, a cuvette, and the BioTek 800 TS Absorbance 
Reader (model number 40-006) required for the experiment. The 
reagent A is an alkaline copper solution, which is made of 2% sodium 
carbonate (Na₂CO₃) solution and 1% copper sulfate (CuSO₄) solution. 
The reagent B is the Folin–Ciocalteu phenol reagent, which is 
commercially available. Bovine serum albumin (BSA) is used as the 
protein standard. A standard curve is created by a series of 0, 25, 50, 
100, and 200 μg/mL of known protein concentration with bovine 
serum albumin (BSA) as a protein standard. The sample concentration 
was within the range of the standard curve. Reaction tubes were set 
for standards, samples, and blanks. 0.1 mL of the protein standard and 
2.0 mL of Reagent A (alkaline copper solution) were added to the 
sample and mixed well. The tubes were incubated at room temperature 
for 10 min. After the incubation, 0.2 mL of Reagent B (Folin–Ciocalteu 
reagent) was added to each tube and mixed thoroughly. The tubes 
were incubated at room temperature for 30 min. The absorbance of 
each tube was measured at 750 nm using the BioTek 800 TS 
Absorbance Reader (model number 40-006). The development of the 
blue colour was observed. The blank with the reagents was used for 
reference. The absorbance values of the standard solutions were 
plotted against their respective concentrations to create a standard 
curve. The standard curve was used to determine the protein 
concentration of the samples based on the absorbance values (Lowry 
et al., 1951).

2.6.6 Estimation of total fat in kombucha tea
The total fat content was determined by using a solvent extraction 

method (ISO 11085) that involves extracting fat using a suitable 
petroleum ether in a Randall-type apparatus. The extracted fat in the 
kombucha tea sample was then determined gravimetrically. An 
analytical balance, filtration unit, membrane filter, pipettes, tubes, 
beakers, a water bath, and a hot air oven are required for the 
experiment. A drying oven is used for the drying of the fat from the 
sample. An analytical balance is used to measure the extracted fat 
content. Randall extraction apparatus is generally used for determining 
fat content. Petroleum ether was used as a solvent for the extraction. 5 g 
of test and control samples were loaded into the Randall extraction 
apparatus. Petroleum ether was added and left for 15 h to extract the fat 
from the sample. The extract was filtered and transferred to a conical 
flask, and the solvent was allowed to evaporate. The sample in the flask 
was dried in an oven at 80°C. The extracted fat obtained was weighed 
to determine the fat content of the control and test samples, respectively.

2.6.7 Estimation of fiber in kombucha tea
The fiber content in the test and control samples of kombucha tea 

was quantified by (ISO 15598) International Standard Guidelines. The 
tea was diluted with an acid and alkali solution to remove soluble 
substances where the fiber was settled. An analytical balance, crucible, 
filtration unit, membrane filter, pipettes, tubes, beakers, water bath, 

digestion flasks, muslin cloth, and a hot air oven are required for the 
experiment. The reagents, like sulphuric acid (acid) and sodium 
hydroxide (alkali) solution, are required for digestion, washing, and 
neutralization. 2 g of the test and samples were transferred into 
separate beakers. 200 mL of boiling sulphuric acid was added to each 
beaker. It was connected to the digestion apparatus and boiled for 
30 min. The samples were filtered through muslin cloth, and the 
leftover residue on the cloth was transferred into the flask with 200 mL 
of boiling sodium hydroxide solution. The flask was connected 
immediately to the digestion apparatus and boiled for 30 min. The 
flask was removed and then filtered by the Gooch crucible. It was 
washed with hot water until it was free from alkali, and then with 
10 mL of alcohol. The samples were dried at 100°C in a hot air oven 
for 2 h, allowed to cool, and weighed. The crude fiber in the samples 
was determined by the weight of the residue.

2.6.8 Estimation of sodium in kombucha tea
ISO 9964-2 specifies a method for determining the dissolved 

sodium in the samples using flame atomic absorption spectrometry. 
The sodium in the sample is atomized by a flame furnace, and the 
concentration is measured at an absorbance of 590 nm. An analytical 
balance, filtration unit, pipettes, membrane filter, conical flasks, water 
bath, test tubes, a cuvette, and flame atomic absorption spectrometry 
are required for the experiment. An atomic absorption spectrometer 
is used for wavelength measurement. Hydrochloric acid (HCl), nitric 
acid (HNO3), caesium chloride (CsCl), distilled water, and sodium 
solution. The caesium chloride solution is used as an ionization 
suppressant. The control and test samples of kombucha tea were 
filtered using a 0.45 μm pore size filter. 2 mL of the samples were 
transferred to a 100 mL conical flask, and 10 mL of the caesium 
chloride solution was added to each of them. The concentration of the 
samples was adjusted to the optimum range of 0.l mg/l to 1.0 mg/L of 
sodium using distilled water. Add 10 mL of caesium chloride solution 
to each of a series of 100 mL one-mark volumetric flasks to make the 
calibration solution. Pipette out 0 mL, 1 mL, 2 mL, 4 mL, 6 mL, and 
10 mL of the sodium standard solution and make up the calibration 
solution concentrations as 0 mg/L, 0.l mg/l, 0.2 mg/L, 0.4 mg/L, 
0.6 mg/L, and 1.0 mg/L of sodium using distilled water. The samples 
were observed at 590 nm, and distilled water was used as a blank. A 
calibration graph was plotted with absorbance readings against the 
mass concentrations of sodium in the samples.

2.6.9 Estimation of carbohydrate content in 
kombucha tea

The carbohydrate content in the control and test samples was 
determined by ISO 11292, an international standard, using high-
performance anion-exchange chromatography. It involves the 
separation of carbohydrate components from the filtered samples by 
ion chromatography on a high-performance anion-exchange 
chromatography, followed by detection and quantification. Sodium 
hydroxide, demineralized water (eluent 1), hydrochloric acid (eluent 
2), and carbohydrate standard (arabinose, fructose, galactose, glucose, 
mannose, sucrose, and mannitol). 100 mg of each carbohydrate are 
diluted to make up 1,000 mg/L in separate flasks. Analytical balance, 
volumetric flask and cylinders, vacuum filtration system, membrane 
filter, water bath, disposable membrane filters and C18 filter cartridges, 
metal-free filter chromograph, integrator, and pulsed amperometric 
detector (PAD). The standard and test solutions were filtered through 
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0.2 μm membrane filters. 20 μL of filtered standard and test solutions 
were injected into the chromatograph, and the carbohydrates were 
separated. The column flowrate was 1 mL/min, and the post-column 
flowrate was 0.6 mL/min with eluent 2 at ambient temperature. The 
carbohydrates in the sample solution were identified, quantified, and 
compared with retention times and peaks obtained with reference to 
the standard solution.

The carbohydrate content (ω), expressed as a percentage by mass, 
is equal to,

 ω = − − ×A m V0 100

 A m V0 0− −

A is the peak area of the individual carbohydrate in the test. A0 is 
the peak of the individual carbohydrate in the standard. m is the mass 
of the test, and m0 is the mass of the carbohydrate in the standard. V 
is the volume of the test, and V0 is the volume of the standard.

2.6.10 Estimation of calories in kombucha tea
The Atwater system was generally used to determine the energy 

value based on the contribution of protein, fat, carbohydrates, and 
alcohol components of the sample. Energy was calculated by using the 
general Atwater factor of 4 kilocalories (kcal) per gram of protein, 
9 kcal per gram of fat, and 4 kcal per gram of carbohydrate (Merrill, 
Usda Handbook 74, 1995).
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2.6.11 Estimation of cholesterol in kombucha tea
The cholesterol content in the control and test samples was 

determined by ISO 11702, an international standard determined 
enzymatically using the BioTek 800 TS Absorbance Reader (model 
number 40-006). Cholesterol standard solution, chloroform, enzymes 
such as cholesterol esterase and cholesterol oxidase, hydrogen 
peroxide, test tubes, flasks, pipettes, a cuvette, and a spectrophotometer. 
The cholesterol in the control and test samples was extracted using 
chloroform. The cholesterol esterase enzyme has hydrolyzed the 
cholesterol esters into cholesterol. Then the free cholesterol is oxidized 
to cholest-4-en-3-one and hydrogen peroxide by cholesterol oxidase. 
The hydrogen peroxide was reacted to form yellow-coloured 
4-aminoantipyrine and phenol in the presence of the peroxidase 
enzyme. The coloured solution was further measured at 550 nm using 
the BioTek 800 TS Absorbance Reader (model number 40-006). A 
calibration curve was constructed using known concentrations of the 
cholesterol standard solution. The concentration of cholesterol in the 
sample was determined based on the absorbance and the 
calibration curve.

2.6.12 Estimation of caffeine in kombucha tea
The determination of caffeine content in both tea leaf and tea dust 

samples was conducted using the International Organization for 
Standardization (ISO) method 10,727, employing High-Performance 
Liquid Chromatography (HPLC). Caffeine was extracted from the 
samples through reflux with water in the presence of magnesium 

oxide. Following filtration, the quantification of caffeine content was 
performed using high-performance liquid chromatography with an 
ultraviolet detector, allowing measurements within a wavelength 
range spanning from 254 nm to 280 nm. A reversed-phase C18 type 
column was employed, with methanol serving as the mobile phase. 
After achieving a stable flow rate for the mobile phase and temperature, 
inject the caffeine standard solutions onto the column, followed by an 
equivalent volume of the sample solutions. Repeat the injection of 
standard solutions at regular intervals. Collect and record the data for 
the peaks observed in both the standards and test samples.

2.7 Sensory analysis

2.7.1 Membrane filtration and coliform test
A filtration column was connected to a vacuum pump and used 

for membrane filtration. A nitrocellulose membrane with a pore size 
of 0.45 μm is used for filtration to capture bacterial cells present in a 
sample. A nitrocellulose membrane is placed between the chamber 
and catchment vessels. When the vacuum is passed, the sample gets 
filtered through the nitrocellulose membrane and collected in the 
vessel. 100 mL of each sample, the test and the control, were filtered 
separately (Forster and Arango Pinedo, 2016). A coliform test is 
performed to test the quality of the sample and detect pathogenic fecal 
coliforms in the sample. Eosin-Methylene Blue (EMB) agar is 
generally used in coliform testing. The kombucha tea made from black 
tea and sugar was taken as the control, and the tea made from tea dust 
and molasses was taken as the test. Both the tea samples were 
subjected to a coliform test to check their quality. 50 mL of EMB agar 
was prepared and sterilized at 121°C for 15 min. The plates were 
poured and labelled as control and test. The membrane filter with 
residues from the control and test samples was aseptically removed 
using sterile forceps and placed on the agar plate. The plates were 
labelled and allowed to incubate at 35°C for 24 h (Abu-Sini et al., 
2023). After incubation, the plates were examined for any bacterial 
coliform colonies. The results were used to evaluate the quality of the 
kombucha tea samples to ensure their safety and identify 
contamination that poses a health risk to consumers.

2.7.2 Evaluation of organoleptic properties
Sample A is the control sample, whereas sample B is the test. 

Production of 1 litre of samples A and B included 20 grams of SCOBY 
(Symbiotic Culture of Bacteria and Yeast) and 10 mL of starter tea in 
1 litre of water. Sample A had 10 grams of black tea powder as a 
nitrogen source and 75 grams of sugar as a carbon source, whereas 
sample B had 10 grams of tea dust as a nitrogen source and 75 grams 
of molasses as a carbon source. The starter tea refers to the fermented 
tea, whereas the SCOBY layer is the cellulose layer that is formed in 
the air-liquid interface from the previous batch of fermentation 
(Villarreal-Soto et  al., 2018). The ingredients and proportions of 
samples A (control) and B (test) of fermented tea for sensory analysis 
were prepared according to Table 1.

The panel members were asked to answer five questions for both 
the test and control samples. And also, they were asked their 
preference between the test sample and the control sample. The five 
questions include the smell, oral texture, colour, taste, and overall 
acceptability. All five questions were given four options to choose 
from. The smell options are comprised of fruity, citrus, pleasant, and 
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stinky. The oral texture options are comprised of soft, fizzy, creamy, 
and sticky. The colour options were comprised of bright, pale, average, 
and bad. The taste options are comprised of acidic, fruity, alcoholic, 
and sweet. Lastly, respondents assessed overall acceptability with 
options such as excellent, good, average, and poor. All these questions 
had a criterion to understand the acceptability of the potential health 
drink on the market. A consent form was given to the panel members 
along with the questionnaire and a note. It stated that they volunteered 
and were convinced by the organizer to try at their own risk. They 
were requested to take the sensory tests and give an honest review to 
share their genuine perceptions. The evaluation of the organoleptic 
characteristics of the kombucha tea beverage was conducted through 
the participation of an untrained taste panel consisting of 100 
evaluators within the age range of 25 to 35 years. They were asked to 
give a hedonic rating by evaluating key attributes including smell, 
appearance, flavor, taste, and overall acceptability. A comparative 
analysis was carried out on all the parameters between the control 
sample A (black tea and sucrose) and the test sample B (tea from tea 
dust and molasses).

2.8 Statistical analysis

The results were expressed as mean ± standard deviation. The 
differences between the means were analyzed by a student’s t-test at 
the p < 0.05 level. The results were statistically analyzed by Microsoft 
Excel and GraphPad Prism 9.5.0 software.

3 Results and discussion

3.1 Physicochemical analysis of the raw 
materials

Traditionally kombucha is made from black tea and sugar as 
substrates (Selvaraj and Gurumurthy, 2023). We  propose to use 
cheaper by-products that is tea dust and blackstrap molasses as 
nitrogen and carbon source for kombucha production. Hence these 
raw materials were analyzed for physico-chemical characters.

3.1.1 Physicochemical analysis of the tea leaves 
and tea dust

Tea leaves are harvested from the Camellia sinensis plantation, 
whereas tea dust is spilled waste material that is obtained during the 
conversion of the leaves into dried leaves (Khan et al., 2016). The 
physicochemical properties of the leaves and dust have a slighter 

difference due to various factors during the processing method. 
Moisture content is an important parameter of tea for quality 
assurance in the tea industry. Tea is generally hygroscopic, which 
means it observes the moisture content in the air easily, which leads 
to contamination and deterioration in the brewing quality. The shelf 
life, chemical, and sensory properties should be  maintained by 
proper storage to protect against moisture content (Aaqil et  al., 
2023). The moisture content in the tea dust (3.5 ± 0.3%) was higher 
than the tea leaves (3.1 ± 0.5%) due to the increased surface area of 
the tea dust, which could potentially cause moisture absorption from 
the air (Shchegoleva et al., 2021). The ISO 9768 standard suggested 
that the moisture content of the tea sample should be in the range of 
3–7% for a good storage condition. Since the moisture content of 
both tea leaves and tea dust are similar the substitution may not 
affect the final process. Tea leaves contain a minimum of 25% solid 
matter that is soluble in water, referred to as extract. However, the 
quantity of extracts tends to decrease as the intervals between 
plucking lengthen and as the leaves undergo aging. The tea’s aqueous 
extract should be at least 32% of its dry mass, as specified by ISO 
3720. The soluble matter in the tea leaves was 35.3 ± 0.3% and the tea 
dust was 43.2 ± 0.4%, which implies that the tea leaves have higher 
soluble content like polyphenols, caffeine, acids, and minerals 
(Shchegoleva et al., 2021). The tea leaf had a higher caffeine value of 
1.8 ± 0.4%, and the tea dust had 2.1 ± 0.2%. The presence of tea stems 
in tea dust, along with the cut, crushed, or torn processing, increases 
the surface area of the tea particles, promoting a higher extraction 
of caffeine during brewing. The tea leaves have less exposed surface 
area, resulting in a less concentrated brew and a lower caffeine level 
(Aroyeun, 2012). In the context of kombucha fermentation, the 
caffeine found in tea infusion serves as a nitrogen source for the 
synthesis of bacterial cellulose during the fermentation process 
(Jakubczyk et al., 2020). The increased caffeine content in tea dust 
might help to increase the kombucha production. Tea contains 
essential macronutrients such as nitrogen, phosphorus, and 
potassium, contributing to its nutritional value. The nitrogen content 
serves as a crucial indicator for assessing tea quality, with good-
quality tea typically exhibiting a nitrogen content ranging from 3 to 
7%. Tea leaves, with a nitrogen content of 4.9 ± 0.3%, have a higher 
nitrogen concentration compared to tea dust, which has a nitrogen 
content of 4.4 ± 0.2%. This difference is attributed to the processing 
method, which results in a loss of nitrogen content, favouring higher 
concentrations in tea leaves over tea dust (Shchegoleva et al., 2021). 
According to the International Organization for Standardization 
(ISO) 11,287, the polyphenol content in the tea sample should range 
from 15–35%. The polyphenol content in tea leaf was 17.5 ± 0.4%, 
whereas the tea dust was 23.8 ± 0.5% higher due to the high catechin 
content. The reduction in polyphenol levels in tea leaves results from 
the oxidative fermentation of catechins during the primary 
processing of fresh leaves (Shchegoleva et al., 2021). The catechin in 
the dust is high due to the presence of broken stems along with the 
tea leaves. Both the leaf and the dust have rich antioxidant content 
that protects against free radicals. According to the International 
Organization for Standardization (ISO) 1,575, the ash content 
should fall within a range of approximately 4 to 7.5% on a dry weight 
basis for an overall good quality of the tea. The total ash content in 
the tea dust was 6.3 ± 0.3% and in the tea leaves was 5.7 ± 0.2%. The 
higher ash content in tea dust suggests a richer mineral composition 
in comparison to tea leaves (Shchegoleva et al., 2021).

TABLE 1 Ingredients and proportions used for the production of the 
fermented tea.

Sample A (Control) Sample B (Test)

Ingredients Quantity/L Ingredients Quantity/L

SCOBY 20 g SCOBY 20 g

Starter tea 10 mL Starter tea 10 mL

Black tea powder 10 g Tea dust 10 g

Water 1 L Water 1 L

Sugar 75 g Molasses 75 g
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3.1.2 Physicochemical analysis of molasses
Sucrose is a common ingredient in fermentation processes 

because it provides a readily available source of fermentable sugars 
that microorganisms can metabolize. In the context of kombucha 
fermentation, sugar is a critical component as it is the primary 
energy source for the SCOBY (Symbiotic Culture of Bacteria and 
Yeast). Molasses, being rich in sucrose and other nutrients, can 
be  used as a substitute for traditional sugar in kombucha 
fermentation. We found that the sucrose content was 38.2 ± 0.3% in 
the blackstrap molasses. Even though the sucrose content is lower, 
the presence of glucose (6.3 ± 0.5%) and fructose (10.8 ± 0.2%) helps 
the kombucha fermentation. This analysis provides valuable 
information about various aspects of the molasses, including its pH, 
brix, specific gravity, and sugar. The utilization of blackstrap 
molasses in this process has the additional benefit of introducing 
unique flavors and nutrients to the final product, thereby 
contributing to a distinct and intricate profile that influences the 
taste and characteristics of the kombucha (Devanthi et al., 2021). 
Blackstrap molasses is a byproduct of sugar refining, and its pH is 
influenced by the presence of organic acids formed during the sugar 
extraction process. The pH of blackstrap molasses is typically in the 
range of 4.5 to 5.5, making it slightly acidic. The pH of the blackstrap 
molasses was 5.3 ± 0.1, which was suitable for the activity of yeast 
during fermentation (Devanthi et al., 2021). The Brix value serves as 
a percentage measure for the total soluble solids in a solution, 
including sugars, organic acids, salts, and proteins. The brix value is 
often used as an indicator of the overall sweetness or concentration 
of a solution. The brix value of the blackstrap molasses was 
determined to be 76.4 ± 0.2% using the handheld refractometer. This 
falls within the standard range of 75 to 85%, affirming that blackstrap 
molasses is a notably rich source of sugars and nutrients, as 
highlighted in the study by Devanthi et al. (2021). The molasses had 
a good source of total nitrogen content 1.3 ± 0.2% which also 
enhanced the yeast growth in the culture during the fermentation 
process (Devanthi et  al., 2021). The specific gravity of molasses, 
measured at 1.4 ± 0.1, aligns with findings from Devanti’s study and 
falls within the standard range of 1.35–1.45% (Devanthi et al., 2021). 
The specific gravity provides valuable information about the 
concentration, composition, and characteristics of molasses to 
maintain quality, optimize processes, monitor fermentation, and 
ensure the desired outcome. The sugar composition of molasses is 
detailed with specific percentages, indicating the presence of 
6.3 ± 0.5% glucose, 10.8 ± 0.2% fructose, and 38.2 ± 0.3% sucrose. 
When compared to established standard ranges, the sugar content 
of molasses aligns with the anticipated baseline parameters. The 
sucrose content ranges from 30 to 40%, showcasing the dominance 

of disaccharides in molasses. The measured values for fructose 
(5–12%) and glucose (4–9%) fall within the expected range, as 
reported by Teclu et al. (2009).

3.2 Microbial diversity of kombucha

Kombucha tea is generally comprised of osmophilic strains of 
yeast, such as Brettanomyces spp., Candida spp., Lachancea spp., Pichia 
spp., Saccharomyces spp., Schizosaccharomyces spp., Zygosaccharomyces 
spp., and acetic acid bacteria, including Acetobacter spp., Gluconobacter 
spp., Gluconacetobacter spp., Komagataeibacter spp., and Lactobacillus 
spp. (Teoh et  al., 2004; Jayabalan et  al., 2014). During kombucha 
fermentation, the yeast species in the culture produce invertase, which 
hydrolyzes sucrose into glucose and fructose and metabolizes ethanol. 
The obligate anaerobic acetic acid bacteria in the culture oxidize 
ethanol and excrete acetic acid (Figure 2) (Selvaraj and Gurumurthy, 
2023). The samples were sequenced, and the quality was analysed 
using FastQC. The control sample from the black tea and sugar had 
(Figure  3) Komagataeibacter rhaeticus (57%) and Gluconobacter 
oxydans (11%) as the major bacterial species. The test sample from the 
tea dust and molasses had Komagataeibacter rhaeticus (78%) and 
Gluconobacter oxydans (31%) as the major bacterial species. The main 
fungal species in the control sample were Brettanomyces bruxellensis 
(62%), and Zygosaccharomyces bailli (24%). The main fungal species 
in the test sample were Brettanomyces bruxellensis (90%), and 
Zygosaccharomyces bailli (6%). The most commonly found bacterial 
species in the control and test samples are Komagataeibacter rhaeticus 
(Semjonovs et al., 2017; De Roos and De Vuyst, 2018; Machado et al., 
2018; Gaggìa et al., 2019) and Gluconobacter oxydans (Greenwalt et al., 
2000; Watawana et al., 2015; Chakravorty et al., 2016) and the yeast 
species in the control and the test samples are Brettanomyces 
bruxellensis (Liu et al., 1996; Teoh et al., 2004; Nguyen et al., 2015; 
Villarreal-Soto et al., 2018; Gaggìa et al., 2019) and Zygosaccharomyces 
bailli (Liu et  al., 1996; Greenwalt et  al., 2000; Teoh et  al., 2004; 
Jayabalan et al., 2008a; Watawana et al., 2015; Villarreal-Soto et al., 
2018; Gaggìa et al., 2019). Machado had studied that Komagataeibacter 
rhaeticus was able to produce bacterial cellulose using sugarcane-
substituted culture medium as a carbon source (Machado et al., 2018). 
K. rhaeticus metabolizes the fructose and glucose to form cellulose 
(Rangaswamy et al., 2015). It oxidizes the ethanol to acetic acid by the 
alcohol dehydrogenase and acetaldehyde dehydrogenase enzymes 
(Nascimento et al., 2021). Gluconobacter oxydans is an acetic acid 
bacterium that is widely used in industries to produce acids like 
ascorbic acid, gluconic acid, aldehydes, and ketones like 
dihydroxyacetone from sugars and alcohols (Da Silva et al., 2022). 
Brettanomyces bruxellensis produces lactic acid, acetic acid, phenols 

FIGURE 2

Kombucha metabolism during fermentation (Selvaraj and Gurumurthy, 2023).
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and N-heterocyclic compounds; and tetrahydropyridines form lysine, 
which causes off flavors. B. bruxellensis is well known as a dietary 
supplement as it boosts the immune system through the probiotic 
effects that aid digestion and inflammation (Berbegal et al., 2018). 
Zygosaccharomyces bailli is fructophilic, fermenting fructose more 
favorably than glucose to produce alcohols, polyphenols, and fatty 
acids. Z. bailli produces CO2 and acetic acid and is resistant to ethanol 
(Fernandes et al., 1997). The Komagataeibacter strains are well-known 
for their ability to efficiently metabolize ethanol through a process 
known as ethanol oxidation. This metabolic pathway allows them to 
convert ethanol into acetic acid (Nascimento et al., 2021). The ethanol 
present in both the control and test samples undergoes metabolism, 
resulting in the production of acetic acid.

3.3 Biochemical analysis and antioxidant 
activity of kombucha

3.3.1 Estimation of acid content in kombucha tea
Acidity is a natural preservative that inhibits the growth of 

harmful microorganisms and is also responsible for the sour taste of 
kombucha tea. The concentrations of acetic and glucuronic acids in 
the test samples were consistently high in the control sample 
throughout the entire 12 day fermentation period (Figure 4B). The 
acid content in the samples demonstrates a proportional relationship 
with the duration of fermentation, with an extension in fermentation 
days leading to an increase in acid levels (Jayabalan et al., 2007). The 
citric acid content was not detectable on any day between 1 and 
18 days of fermentation (Jayabalan et al., 2007). Similarly, the levels of 
gluconic acid and citric acid in the control and the test were below the 
detection level, which is less than 0.1 mg/100 mL. The lactic acid 
content was not detectable on any day between 1 and 10 days of 
fermentation (Neffe-Skocińska et al., 2017). Similarly, the lactic acid 
levels were in a detectable range after day 9 in the control sample and 
day 12 in the test sample. However, a trace amount of lactic acid was 
identified in the test sample, likely attributed to the presence of 
molasses. Malbaša et  al. (2008) have studied that the lactic acid 
content in molasses is naturally higher. In the test sample, the acetic 

acid concentration is measured at 4.20 ± 0.02%, while in the control 
sample, it is recorded at 3.79 ± 0.02%. The lactic acid content in the test 
sample is higher than the control sample, as the dominance of 
Saccharomyces is high in the test sample. The enhanced production of 
acetic acid in the test sample is linked to the greater prevalence of the 
Gluconobacter and Komagataeibacter strains, which account for 31 
and 78%, respectively. This is in contrast to the control sample, where 
the dominance of these strains is lower, at 11 and 57%, respectively. 
The acetic and glucuronic acid concentrations in both the control and 
test samples initially started at low levels, but as fermentation 
progressed, higher concentrations of acids were observed. This 
increase can be attributed to the hydrolysis of sugar by yeast in the 
culture, followed by the conversion of sugars into acids by bacteria, as 
highlighted by the study conducted by Selvaraj and Gurumurthy 
(2023). The meticulous analysis of acid profiles in kombucha 
fermentation reveals dynamic changes in acetic, glucuronic, citric, and 
lactic acids, each contributing uniquely to the overall composition and 
flavor profile of the fermented beverage. The sugar substrates are 
utilized, creating an increase in the production of pH and organic 
acids throughout the fermentation period, along with a reduction in 
alcohol. The interplay of these acids is a testament to the complex 
biochemical processes that occur during kombucha fermentation.

3.3.2 Estimation of tannin, flavonoid, and total 
polyphenol content in kombucha tea

During fermentation, the tannins decrease while the phenols 
increase, indicating the dynamic nature of the biochemical 
transformations that occur during prolonged fermentation (Hawashi 
et  al., 2019). In contrast, the flavonoid content increases as the 
polyphenols increase, contributing to the augmentation of kombucha’s 
reducing power as the fermentation duration extends. The colour 
changed from dark brown to light brown with the progress of 
fermentation (Chakravorty et al., 2016). The transition from yeast to 
lactic acid bacteria dominance on the 6th day of fermentation 
indicates that the increased diversity of microorganisms significantly 
contributes to the enhanced antioxidant properties of kombucha tea 
(Chakravorty et  al., 2016). Subsequently, after the sixth day of 
fermentation, the growing dominance of lactic acid bacteria leads to 

FIGURE 3

Dendrogram of the microbial diversity of kombucha tea.
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the release of enzymes that break down polyphenols, resulting in a 
decline in flavonoids—a subgroup of polyphenols. This process 
contributes to the reduction of antioxidant activity in the kombucha 
tea after day 7 of fermentation (Christiani Dwiputri and Lauda 
Feroniasanti, 2019). Tannins, polyphenolic compounds found 
abundantly in tea leaves, play a significant role in the flavor and 
properties of tea. The analysis of tannin content in both the control 
and test samples of kombucha tea, as presented in Figure 4C-i, reveals 
intriguing insights into the composition of these samples. The 
recorded tannin content in the control sample demonstrates a range 
from 0.47 to 0.95%, while the test sample exhibits a range varying 
from 0.39 to 0.88%. Notably, the tannin content in the control sample 
is higher than that in the test sample. This suggests that the tannin 
content of the tea leaves used in the control is higher than that of the 
tea dust employed in the test sample. The microbial activity within the 
SCOBY (Symbiotic Culture of Bacteria and Yeast) layer, a crucial 

component of the kombucha fermentation process, is highlighted as 
a transformative force. The breakdown of tannins by these microbes 
results in the generation of catechins and gallic acid, as detailed in the 
study by Muzaifa (Muzaifa et al., 2023). Catechins and gallic acid are 
bioactive compounds known for their potential health benefits and are 
considered valuable contributors to the overall antioxidant capacity of 
tea (Ivanišová et al., 2020). The observed differences in tannin content 
between the control and test samples emphasize the dynamic nature 
of the fermentation process and the role of microbial activity in 
modifying the chemical composition of the tea. This information 
sheds light on the intricate interplay between tannins, microbial 
transformation, and the resultant generation of beneficial compounds, 
enriching our understanding of the complex biochemical processes 
underlying kombucha fermentation. As the fermentation process of 
kombucha tea progresses, a noticeable shift in its pH indicates changes 
in the composition of flavonoids within the sample, as documented by 

FIGURE 4

Biochemical analysis and antioxidant activity of kombucha tea from the test and the control samples. (A) Estimation of pH in the test and the control 
samples. (B) Estimation of acid content in the test and the control samples. (C) Estimation of tannin, flavonoid, and total polyphenol content of the test 
and the control samples. (D) Antioxidant activity by the DPPH method and the FRAP method in the test and the control samples.

https://doi.org/10.3389/fmicb.2024.1367697
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Selvaraj and Gurumurthy 10.3389/fmicb.2024.1367697

Frontiers in Microbiology 13 frontiersin.org

Jakubczyk et al. (2020). Flavonoids, being phenolic compounds, play 
a crucial role in conferring antioxidant properties to tea. The 
flavonoids in the control and test samples increased from day 0 to day 
6, as indicated in Figure 4C-ii, wherein the microbial activity enhanced 
the concentration of flavonoids, reinforcing the antioxidant potential 
of the tea. After the 6th day of fermentation, there is an inclination in 
the content of flavonoids in both samples. This inclination suggests 
that the fermentation process, as it matures, continues to foster the 
accumulation of flavonoids, emphasizing the intricate relationship 
between fermentation duration and the composition of bioactive 
compounds (Jakubczyk et al., 2020). The observed shift in pH and the 
parallel increase in flavonoid content during the fermentation of 
kombucha underscore the dynamic interplay between microbial 
activity and the enhancement of antioxidant properties. These findings 
contribute to a deeper understanding of the temporal changes in the 
composition of flavonoids, during kombucha fermentation. The 
correlation between color intensity and phenolic content becomes 
evident, with the high intensity of blue color serving as an indicator of 
elevated phenolic value, a metric directly associated with antioxidant 
activity. According to the findings presented in Figure 4C-iii, both the 
control and test samples exhibit an increase in phenolic content with 
prolonged fermentation periods. This aligns with the observations 
made by Chakravorty et al. (2016), highlighting a positive correlation 
between polyphenol levels and the duration of fermentation. The 
microorganisms break down complex polyphenols into smaller 
molecules in the course of fermentation, potentially leading to an 
elevation in the overall phenolic content in the kombucha sample, as 
investigated by Ivanišová et al. (2020). Blackstrap molasses emerges as 
a significant contributor to the polyphenolic richness of the samples. 
The control samples, utilizing molasses, display a higher total phenolic 
content compared to the test samples. This disparity is attributed to 
the fact that black strap molasses, employed in the test samples, is a 
superior source of polyphenols when compared to sugarcane juice and 
syrup, as emphasized by Guan et al. (2014). Kombucha, renowned for 
its high polyphenol content and robust antioxidant activity, further 
substantiates these findings. Both Alejandra and Villarreal (Villarreal-
Soto et al., 2019; Alejandra Villarreal-Soto et al., 2020) have attested 
to the elevated polyphenolic and antioxidant properties associated 
with kombucha, affirming its status as a valuable functional beverage 
with potential health benefits.

3.3.3 Antioxidant activity by the DPPH method 
and the FRAP method in kombucha tea

The fermentation process, catalyzed by microbial 
biotransformation, has been recognized as a key contributor to 
enhancing antioxidant activity (Hu et al., 2020). DPPH and FRAP 
methods were used to assess antioxidant activity, enhancing the 
reliability and robustness of the analysis. DPPH evaluated the 
sample’s ability to neutralize free radicals, while FRAP measured its 
reducing capacity. This comprehensive approach ensured a more 
thorough understanding of the sample’s antioxidant potential, 
validated the results, and provided a more robust assessment of its 
antioxidant activity. The results of the analysis of the antioxidant 
potential of the control sample (black tea and sugar) revealed a range 
between 68.3 ± 0.2% and 88.3 ± 0.1% DPPH inhibition. In contrast, 
the antioxidant potential of the test sample (tea dust and molasses) 
revealed a range between 72.3 ± 0.2% and 93.1 ± 0.2% DPPH 
inhibition. The substituted substrate (test) displayed a progressive 

increase in antioxidant potential from days 1 to 6, reaching its peak 
on day 6 at 93.1 ± 0.2%. However, beyond day 6, the antioxidant 
activity showed a decreasing trend, emphasizing the importance of 
monitoring fermentation duration. This observed peak in 
antioxidant activity on day 6 aligns with findings by Jakubczyk et al. 
(2020), who reported the highest antioxidant activity in kombucha 
from day 1 to day 7. The green tea displayed an antioxidant activity 
of 94.61% ± 1.29 on the first day and 91.40 ± 0.57 on day 7 (Jakubczyk 
et  al., 2020), and this level of activity closely resembled the 
antioxidant activity observed in our experimental kombucha made 
from tea dust and molasses on the sixth day. The antioxidant activity 
was measured using the ferric ion reducing antioxidant power 
(FRAP) assay for the control samples with black tea and sugar, and 
the test samples with tea dust and molasses. The analysis of the 
antioxidant potential in the control sample (black tea and sugar) 
indicated a range between 34.2 ± 0.3% and 49.7 ± 0.3%. Conversely, 
the test sample (tea dust and molasses) demonstrated an antioxidant 
potential ranging from 39.3 ± 0.1% to 54.1 ± 0.4%. The Free Radical-
Scavenging Activity (FRAP) values for both the control and test 
samples of kombucha tea exhibited a rise during the fermentation 
period, followed by a distinct decrease after the 6th day. This trend 
aligns with the findings documented in the study conducted by 
Gaggia and Jakubczyk (Gaggìa et al., 2019; Jakubczyk et al., 2020). 
The kombucha’s antioxidant activity, assessed by FRAP and DPPH 
methods, consistently showed that test samples prepared with tea 
dust and molasses outperformed control samples over the 12 day 
duration. This indicated enhanced antioxidant activity compared to 
black tea and sugar. Both methods revealed a consistent trend of 
higher antioxidant activity in test samples, with a similar magnitude 
of difference compared to control samples. The test samples 
consistently exhibit higher antioxidant activity compared to the 
control samples across the 5 days. This indicates that the combination 
of tea dust and molasses contributes to enhanced antioxidant 
potential compared to the black tea and sugar combination in the 
control samples. The correlation analysis revealed statistically 
significant relationships between tannin, flavonoid, phenol levels 
and antioxidant activity (Figure 4). The varied correlation patterns 
between tea leaves and tea dust over the fermentation period 
highlight the dynamic impact of raw materials on kombucha 
composition. Kombucha tea derived from agro-industrial waste, as 
demonstrated by the test sample, exhibited significantly higher 
activity compared to traditionally prepared tea with a high statistical 
significance (***p > 0.001 at 99.9%). The data are expressed as the 
mean ± SD, where the number of samples was 3 (n = 3 samples). The 
change in raw materials, particularly the incorporation of tea dust 
and molasses, significantly influenced the antioxidant activity of the 
test sample. The study aligns with previous research, indicating an 
inverse relationship between antioxidant activity and fermentation 
time (Jakubczyk et  al., 2020). Comparing the test (tea dust and 
molasses) with the control (black tea and sugar) on all 12 days 
revealed the test sample’s potentially higher antioxidant activity. The 
correlations with vitamin C production and acids further emphasize 
the multifaceted nature of factors influencing antioxidant activity in 
kombucha (Malbaša et  al., 2011). These findings underscore the 
impact of raw material selection and fermentation duration on the 
antioxidant properties of kombucha, highlighting the potential of 
kombucha made from tea dust and molasses as a rich source 
of antioxidants.
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3.4 Nutritional profiling of kombucha

The nutritional assessment of kombucha fermentation was 
conducted on day 6, a time point when antioxidant levels were 
observed to be  higher in both the control and test samples. The 
nutritional composition of kombucha tea, produced from black tea 
and sugar (control) and tea dust and molasses (test), was thoroughly 
analyzed (refer to Table 2). The content of saturated fat, trans fat, 
protein, cholesterol, dietary fiber, ethanol, copper, and vitamin A in 
the control and test samples was determined to be below the detection 
level (BDL), measuring less than 0.1 g/100 mL and undetectable using 
the analytical methods applied at the specific time point of 
measurement. The increase in acetic acid production during 
fermentation leads to the demolishment of the alcohol in the 
kombucha samples during fermentation (Jayabalan et  al., 2010). 
Notably, the content of carbohydrates, sodium, calcium, iron, and 
potassium was found to be higher in the test sample compared to the 
control, although still within acceptable limits. While the test sample 
exhibited elevated levels of these nutritional components, they 
remained below the critical limit, indicating that the nutritional profile 

of the test sample falls within the range deemed suitable for human 
consumption. This underscores the positive nutritional attributes of 
kombucha produced with tea dust and molasses, affirming its potential 
as a nutritious beverage option. Blackstrap molasses stands out for its 
richness in sugars, encompassing sucrose, glucose, and fructose. The 
glucose and fructose levels of the test samples are higher than the 
control samples and are statistically significant. Specifically, the 
glucose level in the control is recorded at 0.6 ± 0.1 g/100 mL, while in 
the test, it reaches 0.7 ± 0.1 g/100 mL. Similarly, the fructose content in 
the control is noted as 0.1 ± 0.05 g/100 mL, whereas in the test, it 
elevates to 0.4 ± 0.1 g/100 mL. Notably, the sucrose level in the test 
sample is substantially higher at 1.4 ± 0.1 g/100 mL compared to the 
control sample, which registers at 0.7 ± 0.1 g/100 mL, and this 
difference is highly significant. The elevated sugar content in the test 
sample can be attributed to a slower fermentation rate than in the 
control sample. During the fermentation process, yeast in the culture 
hydrolyzes sucrose into glucose and fructose, leading to a gradual 
decrease in sugar levels as the fermentation days progress. This 
intricate interplay between fermentation dynamics and sugar 
composition underscores the complexity of the biochemical 

TABLE 2 Nutritional labelling of kombucha tea from control (black tea and sugar) and test (tea dust and molasses).

S. No Parameters Unit Sample A (Control) Sample B (Test)

1 Saturated fat g/100 mL BDL (DL:1.0) BDL (DL:1.0)

2 Trans fat g/100 mL BDL (DL:1.0) BDL (DL:1.0)

3 Protein g/100 mL BDL (DL:1.0) BDL (DL:1.0)

4 Cholesterol g/100 mL BDL (DL:1.0) BDL (DL:1.0)

5 Dietary fiber g/100 mL BDL (DL:1.0) BDL (DL:1.0)

6 Ethanol g/100 mL BDL (DL:1.0) BDL (DL:1.0)

7 Sodium mg/100 mL 2.95 ± 0.15 4.35 ± 0.25

8 Calories Kcal/100 mL 6.64 ± 0.32 14.85 ± 0.25

9 Carbohydrates g/100 mL 1.41 ± 0.18 3.135 ± 0.12

Minerals

1 Calcium mg/100 mL 1.6 ± 0.30 19.4 ± 0.15

2 Iron mg/100 mL 1.1 ± 0.20 23.1 ± 0.25

3 Potassium mg/100 mL 2.4 ± 0.20 28.3 ± 0.25

4 Copper mg/100 mL BDL (DL:1.0) BDL (DL:1.0)

Sugars

1 Fructose g/100 mL 0.1 ± 0.05 0.4 ± 0.1

2 Glucose g/100 mL 0.6 ± 0.1 0.7 ± 0.1

3 Sucrose g/100 mL 0.7 ± 0.1 1.4 ± 0.1

Vitamins

1 Vitamin A mg/100 mL BDL (DL:0.1) BDL (DL:1.0)

2 Vitamin B1 mg/100 mL 0.42 ± 0.01 0.58 ± 0.01

3 Vitamin B2 mg/100 mL BDL (DL:0.1) 0.30 ± 0.02

4 Vitamin B3 mg/100 mL BDL (DL:0.1) 0.33 ± 0.02

5 Vitamin B6 mg/100 mL 0.44 ± 0.01 0.75 ± 0.02

6 Vitamin B9 mg/100 mL 0.12 ± 0.01 0.19 ± 0.03

7 Vitamin B12 mg/100 mL 0.8 ± 0.01 0.9 ± 0.03

8 Vitamin C mg/100 mL 1.26 ± 0.02 1.38 ± 0.06

BDL, below the detection level; DL, detection level which is less than 0.1 mg/100 mL.
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transformations occurring in kombucha, particularly when utilizing 
substrates like blackstrap molasses. Molasses, being inherently rich in 
minerals, contributed significantly to the high mineral content 
observed in the test sample compared to the control sample. The 
metabolic activity of kombucha and the SCOBY (Symbiotic Culture 
of Bacteria and Yeast) plays a pivotal role in metabolizing minerals, as 
emphasized by Bauer-Petrovska and Petrushevska-Tozi (2000). The 
mineral composition of calcium, iron, and potassium in the test 
sample was notably higher at 19.4 ± 0.15, 23.1 ± 0.25, and 
28.3 ± 0.25 mg/100 mL, respectively, in comparison to the control 
sample with values of 1.6 ± 0.3, 1.1 ± 0.2, and 2.4 ± 0.2 mg/100 mL, 
respectively. It is essential to highlight that the copper levels in both 
the control and test samples were below the detection level (BDL), 
measuring less than 0.1 g/100 mL. The levels of iron, potassium, and 
calcium in the test sample, compared to the control, are highly 
statistically significant and can be  attributed to the presence of 
molasses in the test sample. The influence of molasses contributes 
significantly to the mineral enrichment of the test sample, showcasing 
the impact of varied substrates on the mineral composition of 
kombucha. Molasses, as established by Jamir et al. (2021), is known 
for its abundance of essential vitamins such as B2, B6, and B12. In 
parallel, kombucha tea, as noted by Bauer-Petrovska and Petrushevska-
Tozi (2000), is recognized for its richness in vitamins B and C. In the 
analysis of both the control and test samples, it was observed that the 
vitamin A levels were below the detection level (BDL), measuring less 
than 0.1 g/100 mL. Examining the control sample revealed that the 
levels of vitamins B2 and B3 were below the detection level (BDL), 
specifically less than 0.1 mg/100 mL. In contrast, the test sample 
exhibited detectable levels of vitamin B2 at 0.30 ± 0.02 mg/100 mL and 
vitamin B3 at 0.33 ± 0.02 mg/100 mL. The inclusion of molasses in the 
test sample significantly contributed to the improvement of the overall 
vitamin content, rendering it more nutritionally enriched. The test 
sample displayed higher levels of vitamins B1, B6, B9, B12, and C 
compared to the control sample, and this difference was found to 
be statistically significant (p > 0.1). Research conducted by Malbaša 
et al. (2011) highlighted that the levels of vitamin B2 (9.60 mg/100 mL) 
and vitamin C (28.98 mg/L) in green tea are higher on day 10 of 
fermentation than in native kombucha made from black tea. This 
underscores the dynamic nature of the biochemical properties of 
kombucha, which are influenced by nitrogenous compounds derived 
from tea waste. These compounds contribute to the vitamin 
composition, providing valuable insights into the nutritional attributes 
of kombucha.

3.5 Sensory analysis

3.5.1 Coliform test
A coliform test was done with the membrane filter method to 

check for the presence of any pathogenic fecal coliforms. The test was 
negative; the absence of organisms indicates that it is safe for human 
consumption (Abu-Sini et al., 2023). Hence, the samples were further 
tested for organoleptic properties by sensory evaluation.

3.5.2 Evaluation of organoleptic properties
The organoleptic properties are examined through the senses- 

taste, sight, smell, and touch of individual experiences with tea 

samples (Figure 5). Sensory analysis is done with the texture (soft, 
fizzy, creamy, and sticky), the smell (fruity, citrus, pleasant, and 
stinky), the color (bright, pale, average, and bad), the taste (alcoholic, 
fruity, acidic, and bad), and the acceptability (excellent, good, 
average, and poor) of kombucha from the control (black tea and 
sugar) and the test (tea dust and molasses). Kombucha beverages 
obtained from the test sample were citrusy, fizzy, bright, fruity, and 
good. The kombucha made from black tea and sugar (the control) 
had a smell of 22% pleasant, 31% fruity, and 47% citrus as dominant, 
but was not stinky at all. The texture was 28% soft and 72% fizzy, but 
not creamy 0% or sticky 0%. Color: 23% bright, 60% pale, 17% 
average but not bad, 0%. Taste: 24% acidic, 49% fruity, 2% alcoholic, 
and 25% sweet. The overall acceptability was 19% excellent, 72% 
good, and 8% average, but not poor, 0%. The kombucha made from 
tea dust and molasses (tested) had a smell of 23% pleasant, 36% 
citrus, and 41% fruity, and was dominant but not stinky at all. The 
texture was 34% soft and 66% fizzy, but not creamy (0%) or sticky 
(0%). Color: 47% are bright, 40% are pale, and 13% are average but 
not bad 0%. Taste: 16% acidic, 67% fruity, 3% alcoholic, and 14% 
sweet. The overall acceptability was 56% excellent, 41% good, and 
3% average, but not poor (0%). Kombucha beverages obtained from 
the control sample attracted consumers because of their fruity taste, 
fizz texture, bright color, and fruity smell. The overall acceptability 
was given as excellent. The results show that the control and test 
samples are almost similar in texture (fizzy), color (bright), and taste 
(fruity). The smell of the samples was different, as the test had a 
citrus odor and the control had a fruity odor. This is because the 
sweetness in the molasses provided a fruity odor. The overall 
acceptability of the test and the control was also good for the test and 
excellent for the control. The preference of the consumer was also 
noted: out of 100 people, 12 thought A was better than B, and 88 
thought B was better than A. The test sample (substituted substrates) 
had good sensory properties and an approval score compared to the 
control sample. The kombucha made from yarrow extract was acidic 
and had a pleasant taste and odour (Vitas et  al., 2018). Neffe-
Skocińska et al. (2017) showed the average quality of the kombucha 
and that the smell of tea, and sour taste were detected with high 
intensity. Ivanišová et al. (2020) have prepared fresh kombucha with 
a pleasant smell and a sour to fruity taste. The kombucha tastes sour 
due to the reduction in pH. The kombucha from the control and test 
samples was rated good and excellent, respectively. A high score for 
smell and taste correlates with the fruity, acidic, and citrus flavours 
of the sample. The texture and colour were mostly fizzy and pale, 
respectively. The samples are fizzy in texture, non-alcoholic (<0.5%), 
and carbonated. This is because the yeast in the kombucha produces 
alcohol and carbon dioxide. The tannins in the kombucha make it 
darker and paler the longer you brew it. The acetic acid bacteria 
Komagataeibacter rhaeticus and Gluconobacter oxydans produced 
acetic acid, which gave kombucha its tangy flavor and fruity aroma 
(Bishop et al., 2022). They also produced CO2, which was responsible 
for the fizzy profile of the kombucha drink. The yeast strains 
Brettanomyces bruxellensis and Zygosaccharomyces bailii produced 
fruity esters and phenols that enhanced the fruity smell and flavor 
(Bishop et al., 2022). The approval of the test sample is determined 
by the overall preference of the consumers. The sensory properties 
of kombucha from both raw materials were comparatively good 
and acceptable.
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4 Conclusion

Traditionally, kombucha is prepared with black tea and table 
sugar, chosen as the control sample. In contrast, the substituted raw 
materials, tea dust, and molasses are taken as test samples and 
compared for further experimental analysis. The microbial diversity 
of kombucha, characterized by the presence of yeast and acetic acid 
bacteria, was explored through sequencing and analysis. The 
predominant microbial species identified in both control and test 
samples included Komagataeibacter rhaeticus, Gluconobacter oxydans, 
Brettanomyces bruxellensis, and Zygosaccharomyces bailli, with varying 
dominance levels for each organism as they followed a common 
fermentation pathway. These microorganisms play essential roles in 
metabolizing sugars, producing acids, and contributing to the unique 
flavor profile of kombucha. Biochemical analysis revealed dynamic 
changes in acid content during the fermentation period, with a 
proportional increase in acetic and glucuronic acids. The test sample 
exhibited higher levels of acetic acid, attributed to the dominance of 
Gluconobacter and Komagataeibacter strains. Tannin, flavonoid, and 
total polyphenol content showed variations during fermentation, with 
the test sample consistently displaying higher antioxidant potential 
compared to the control. The outcomes of kombucha’s antioxidant 
activity were consistent across both FRAP and DPPH assays, showing 
an increase from day 1 to 6 and subsequent declines. Consumers, 
being health-conscious in terms of diet and intake, have recently 
shown increased interest in probiotic drinks. A proper sensory 
evaluation study was conducted to provide a clear view of flavor 
profiles and consumer acceptance. The test sample attracted 

consumers with its fruity smell, fizzy texture, bright color, and fruity 
taste, resulting in a noticeably excellent acceptability rate. The 
nutritional properties of kombucha are an additional benefit to the 
consumer beyond their overall liking and preference. The microbes 
produced metabolites like acetic acid, phenols, and CO2, resulting in 
a tangy and carbonated taste with a fruity aroma. A unique 
organoleptic profile was achieved by the microbial synergy of the 
microorganisms and their metabolic activity. Nutritional profiling 
indicated that kombucha produced from tea dust and molasses had 
elevated levels of minerals, carbohydrates, and vitamins compared to 
the control. The inclusion of molasses contributed to increased sugar 
content and enhanced mineral composition, showcasing the 
nutritional richness of the test sample. The antioxidant activity, 
organoleptic properties, and nutritional profiling of kombucha 
fermentation from molasses are remarkably high and statistically 
significant in the kombucha tea sample with tea dust and molasses. 
The research presented here achieved mass production of kombucha 
probiotic drink from cost-effective substitutes. In a comparative 
analysis, it becomes apparent that the test sample excels beyond the 
control sample, particularly in terms of bioactive and nutritional 
compounds. The impact of raw material selection, fermentation 
duration, and microbial activity on the microbial, biochemical, 
nutritional, and sensory aspects of kombucha have been studied in 
detail. The utilization of tea dust and molasses as alternative substrates 
demonstrated potential benefits in terms of microbial diversity, 
antioxidant activity, and nutritional enrichment, presenting 
opportunities for the development of novel kombucha formulations. 
This work has propelled and levelled up the insight for the production 

FIGURE 5

Sensory analyses of kombucha tea from the control (black tea and sugar) and test (tea dust and molasses).
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of economically feasible and nutrition-rich kombucha tea on a large 
scale. The research outcomes not only contribute to a deeper 
understanding of the interplay between relationships among raw 
materials, microbial composition, and bioactive compounds but also 
shed light on the resulting nutritional value, ensuring acceptable 
sensory attributes. The emerging kombucha brewing industry can 
leverage our study’s evidence-based insights on raw material selection, 
fermentation dynamics, and product quality optimization to develop 
novel formulations with improved nutrition, antioxidants, and 
consumer appeal. The challenges and future perspectives encompass 
key considerations such as standardizing and scaling up kombucha 
production, exploring novel ingredients as raw materials with health 
and safety considerations, consumer education, market acceptance, 
and the environmental sustainability of kombucha products.

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found in the article/supplementary material.

Author contributions

SS: Writing – original draft, Software, Methodology, Investigation, 
Formal analysis, Data curation. KG: Writing – review & editing, 
Visualization, Validation, Supervision, Resources, Project 
administration, Conceptualization.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors sincerely thank and acknowledge Vellore Institute of 
Technology (VIT) for providing the lab facility to conduct the study. 
We are also thankful to the Vellore Institute of Technology-Technology 
Business Incubator (VIT-TBI) for providing access to 
sophisticated instruments.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Aaqil, M., Peng, C., Kamal, A., Nawaz, T., Zhang, F., and Gong, J. (2023). Tea 

Harvesting and Processing Techniques and Its Effect on Phytochemical Profile and Final 
Quality of Black Tea: A Review. Foods, 12:4467. doi: 10.3390/foods12244467

Abu-Sini, M. K., Maharmah, R. A., Abulebdah, D. H., and Al-Sabi, M. N. S. (2023). 
Isolation and identification of coliform Bacteria and multidrug-resistant Escherichia coli 
from water intended for drug compounding in community pharmacies in Jordan. 
Healthcare (Switzerland) 11:30299. doi: 10.3390/healthcare11030299

Adriani, L., Mayasari, N., Angga, A., and Kartasudjana, R. (2011). The effect of feeding 
fermented kombucha tea on HLD, LDL, and total cholestrol levels in the duck bloods. 
Biotechnol Animal Husbandr 27, 1749–1755. doi: 10.2298/bah1104749a

Alejandra Villarreal-Soto, S., Bouajila, J., Pace, M., Leech, J., Souchard, J.-P., 
Taillandier, P., et al. (2020). Metabolome-microbiome signatures in the fermented 
beverage. Kombucha 333:108778. doi: 10.1016/j.ijfoodmicro.2020.108778

Aloulou, A., Hamden, K., Elloumi, D., Ali, M. B., Hargafi, K., Jaouadi, B., et al. (2012). 
Hypoglycemic and antilipidemic properties of kombucha tea in alloxan-induced 
diabetic rats. BMC Complement. Altern. Med. 12:e63. doi: 10.1186/1472-6882-12-63

Aroyeun, S. O. (2012). Crude fibre, water extracts, total ash, caffeine and moisture 
content as diagnostic factors in evaluating green tea quality. Ital. J. Food Sci 10:e21. doi: 
10.47556/B.OUTLOOK2012.10.21

Banerjee, D., Hassarajani, S. A., Maity, B., Narayan, G., Bandyopadhyay, S. K., and 
Chattopadhyay, S. (2010). Comparative healing property of kombucha tea and black tea 
against indomethacin-induced gastric ulceration in mice: possible mechanism of action. 
Food Function. 1, 284–293. doi: 10.1039/c0fo00025f

Battikh, H., Bakhrouf, A., and Ammar, E. (2012). Antimicrobial effect of kombucha 
analogues. LWT Food Sci. Technol. 47, 71–77. doi: 10.1016/j.lwt.2011.12.033

Bauer-Petrovska, B., and Petrushevska-Tozi, L. (2000). Mineral and water soluble 
vitamin content in the kombucha drink. Int. J. Food Sci. Technol. 35, 201–205. doi: 
10.1046/j.1365-2621.2000.00342.x

Benzie, I. F. F., and Strain, J. J. (1996). The ferric reducing ability of plasma (FRAP) as 
a measure of “antioxidant power”: the FRAP assay. Anal. Biochem. 239, 70–76. doi: 
10.1006/abio.1996.0292

Berbegal, C., Spano, G., Fragasso, M., Grieco, F., Russo, P., and Capozzi, V. (2018). 
Starter cultures as biocontrol strategy to prevent Brettanomyces bruxellensis 

proliferation in wine. Appl. Microbiol. Biotechnol. 102, 569–576. doi: 10.1007/
s00253-017-8666-x

Bhattacharya, S., Gachhui, R., and Sil, P. C. (2013). Effect of kombucha, a 
fermented black tea in attenuating oxidative stress mediated tissue damage in 
alloxan induced diabetic rats. Food Chem. Toxicol. 60, 328–340. doi: 10.1016/j.
fct.2013.07.051

Bhattacharya, D., Sinha, R., Mukherjee, P., Howlader, D. R., Nag, D., Sarkar, S., et al. 
(2020). Anti-virulence activity of polyphenolic fraction isolated from kombucha against 
Vibrio cholerae. Microb. Pathog. 140:103927. doi: 10.1016/j.micpath.2019.103927

Bishop, P., Pitts, E. R., Budner, D., and Thompson-Witrick, K. A. (2022). Kombucha: 
biochemical and microbiological impacts on the chemical and flavor profile. Food Chem 
Adv 1:100025. doi: 10.1016/j.focha.2022.100025

Cardoso, R. R., Neto, R. O., dos Santos D’Almeida, C. T., do Nascimento, T. P., 
Pressete, C. G., Azevedo, L., et al. (2020). Kombuchas from green and black teas have 
different phenolic profile, which impacts their antioxidant capacities, antibacterial and 
antiproliferative activities. Food Res. Int. 128:108782. doi: 10.1016/j.foodres.2019.108782

Cavusoglu, K., and Guler, P. (2010). Protective effect of kombucha mushroom (KM) 
tea on chromosomal aberrations induced by gamma radiation in human peripheral 
lymphocytes in-vitro. J. Environ. Biol. 31, 661–666

Četojević-Simin, D. D., Velićanski, A. S., Cvetković, D. D., Markov, S. L., 
Mrdanović, J. Ž., Bogdanović, V. V., et al. (2012). Bioactivity of lemon balm kombucha. 
Food Bioprocess Technol. 5, 1756–1765. doi: 10.1007/s11947-010-0458-6

Chakravorty, S., Bhattacharya, S., Chatzinotas, A., Chakraborty, W., Bhattacharya, D., 
and Gachhui, R. (2016). Kombucha tea fermentation: microbial and biochemical 
dynamics. Int. J. Food Microbiol. 220, 63–72. doi: 10.1016/j.ijfoodmicro.2015.12.015

Chen, C., and Liu, B. Y. (2000). Changes in major components of tea fungus 
metabolites during prolonged fermentation. J. Appl. Microbiol. 89, 834–839. doi: 
10.1046/j.1365-2672.2000.01188.x

Christiani Dwiputri, M., and Lauda Feroniasanti, Y. M. (2019). Effect of fermentation 
to total titrable acids, flavonoid and antioxidant activity of butterfly pea kombucha. J. 
Phys. Conf. Ser. 1241:012014. doi: 10.1088/1742-6596/1241/1/012014

Da Silva, G. A. R., Oliveira, S. S.de, Lima, S. F., Do Nascimento, R. P., Baptista, A. R. 
De S., and Fiaux, S. B. (2022). The industrial versatility of Gluconobacter oxydans: 

https://doi.org/10.3389/fmicb.2024.1367697
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.3390/foods12244467
https://doi.org/10.3390/healthcare11030299
https://doi.org/10.2298/bah1104749a
https://doi.org/10.1016/j.ijfoodmicro.2020.108778
https://doi.org/10.1186/1472-6882-12-63
https://doi.org/10.47556/B.OUTLOOK2012.10.21
https://doi.org/10.1039/c0fo00025f
https://doi.org/10.1016/j.lwt.2011.12.033
https://doi.org/10.1046/j.1365-2621.2000.00342.x
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1007/s00253-017-8666-x
https://doi.org/10.1007/s00253-017-8666-x
https://doi.org/10.1016/j.fct.2013.07.051
https://doi.org/10.1016/j.fct.2013.07.051
https://doi.org/10.1016/j.micpath.2019.103927
https://doi.org/10.1016/j.focha.2022.100025
https://doi.org/10.1016/j.foodres.2019.108782
https://doi.org/10.1007/s11947-010-0458-6
https://doi.org/10.1016/j.ijfoodmicro.2015.12.015
https://doi.org/10.1046/j.1365-2672.2000.01188.x
https://doi.org/10.1088/1742-6596/1241/1/012014


Selvaraj and Gurumurthy 10.3389/fmicb.2024.1367697

Frontiers in Microbiology 18 frontiersin.org

current applications and future perspectives. World J. Microbiol. Biotechnol. doi: 10.1007/
s11274-022-03310-8, 38,:134

De Roos, J., and De Vuyst, L. (2018). Acetic acid bacteria in fermented foods and 
beverages. Current opinion in Biotechnology, 49, 115–119. Elsevier Ltd.

Deghrigue, M., Dellai, A., Akremi, N., Le Morvan, V., Robert, J., and Bouraoui, A. 
(2013). Evaluation of antiproliferative and antioxidant activities of the organic extract 
and its polar fractions from the Mediterranean gorgonian Eunicella singularis. Environ. 
Toxicol. Pharmacol. 36, 339–346. doi: 10.1016/j.etap.2013.04.014

Department of Consumer Affairs’ price monitoring unit. Accessed on June 10, 2023, 
Available at: https://consumeraffairs.nic.in/price-monitoring-cell/price-monitoring-cell

Devanthi, P. V. P., Kho, K., Nurdiansyah, R., Briot, A., Taherzadeh, M. J., and 
Aslanzadeh, S. (2021). Do kombucha symbiotic cultures of bacteria and yeast affect 
bacterial cellulose yield in molasses? J Fungi 7:e705. doi: 10.3390/jof7090705

Dipti, P., Yogesh, B., Kain, A. K., Pauline, T., Anju, B., Sairam, M., et al. (2003). Lead 
induced oxidative stress: beneficial effects of kombucha tea. Biomed. Environ. Sci. 16, 
276–282

Dufresne, C., and Farnworth, E. (2000). Tea, kombucha, and health: a review. Food 
Res. Int. 33, 409–421. doi: 10.1016/S0963-9969(00)00067-3

Ebrahimi Pure, A., and Pure, E. (2016). Antioxidant and antibacterial activity of 
kombucha beverages prepared using Banana Peel, common nettles and black tea 
infusions. Appl Food Biotechnol 3, 125–130. doi: 10.22037/afb.v3i2.11138

Fernandes, L., Cô Rte-Real, M., Loureiro, V., Loureiro-Dias, M. C., and Leã, C. (1997). 
Glucose respiration and fermentation in Zygosaccharomyces bailii and Saccharomyces 
cerevisiae express different sensitivity patterns to ethanol and acetic acid. Lett Appl 
Microbiol 25, 249–253. doi: 10.1046/j.1472-765X.1997.00214.x

Forster, B., and Arango Pinedo, C. (2016). Bacteriological examination of waters: membrane 
filtration protocol. Available at: https://api.semanticscholar.org/CorpusID:90078612

FSSAI, (2016), Manual of methods of analysis of food-metals, Available at: https://
fssai.gov.in/upload/uploadfiles/files/Manual_Metals_25_05_2016(1)

Gaggìa, F., Baffoni, L., Galiano, M., Nielsen, D. S., Jakobsen, R. R., Castro-Mejía, J. L., 
et al. (2019). Kombucha beverage from green, black and rooibos teas: a comparative 
study looking at microbiology, chemistry and antioxidant activity. Nutrients 11:e1. doi: 
10.3390/nu11010001

Gargey, I. A., Indira, D., Jayabalan, R., and Balasubramanian, P. (2019). Optimization 
of etherification reactions for recycling of tea fungal biomass waste into 
Carboxymethylcellulose 29, 337–346. doi: 10.1007/978-981-13-1202-1_29,

Gharib, O. (2010). Review article: does kombucha tea attenuate the hepato-
nepherotoxicity induced by a certain environmental pollutant? Egypt Acad J Biol Sci B 
2, 11–18. doi: 10.21608/eajbsz.2010.15868

Greenwalt, C. J., Steinkraus, K. H., and Ledford, R. A. (2000). Kombucha, the 
fermented tea: microbiology, composition, and claimed health effects. J. Food Prot. 63, 
976–981. doi: 10.4315/0362-028X-63.7.976

Guan, Y., Tang, Q., Fu, X., Yu, S., Wu, S., and Chen, M. (2014). Preparation of 
antioxidants from sugarcane molasses. Food Chem. 152, 552–557. doi: 10.1016/j.
foodchem.2013.12.016

Hartmann, A. M., Burleson, L. E., Holmes, A. K., and Geist, C. R. (2000). Effects of chronic 
kombucha ingestion on open-field behaviors, longevity, appetitive behaviors, and organs in 
C57-BL/6 mice: a pilot study. Nutrition 16, 755–761. doi: 10.1016/S0899-9007(00)00380-4

Hawashi, M., Altway, A., Widjaja, T., and Gunawan, S. (2019). Optimization of process 
conditions for tannin content reduction in cassava leaves during solid state fermentation 
using Saccharomyces cerevisiae. Heliyon 5:e02298. doi: 10.1016/j.heliyon.2019.e02298

Hosseini, S. A., Rasouli, L., Gorjian, M., and Yadollahpour, A. (2016). A comparative 
study of the effect of kombucha prepared from green and black teas on the level of blood 
glucose and lipid profile of diabetic rats. Int. J. Pharm. Res. Allied Sci.,

Hu, H., Li, H., Han, M., Cao, Q., Liang, H., Yuan, R., et al. (2020). Chemical 
modification and antioxidant activity of the polysaccharide from Acanthopanax 
leucorrhizus. Carbohydr. Res. 487:107890. doi: 10.1016/j.carres.2019.107890

Iqbal, M., Afzal Qamar, M., Bokhari, T. H., Abbas, M., Hussain, F., Masood, N., et al. 
(2017). Total phenolic, chromium contents and antioxidant activity of raw and processed 
sugars. Inf. Process. Agric. 4, 83–89. doi: 10.1016/j.inpa.2016.11.002

ISO 10349-11:1992. Photographic-grade chemicals-determination of specific gravity-
test method. International Organization for Standardization

ISO 10523:2008. Water quality—determination of pH-detection method. International 
Organization for Standardization

ISO 10727:2002 Tea and instant tea in solid form—Determination of caffeine content-
Detection Method using high-performance liquid chromatography. International 
Organization for Standardization

ISO 11085:2015. Instant tea in solid form—determination of crude fat and total fat—
Randall extraction method. International Organization for Standardization

ISO 11287:2011. Green tea—definition and basic requirements. International 
Organization for Standardization

ISO 11292 (1995). Instant tea in solid form- determination of free and total carbohydrate 
content-detection method using high-performance anion-exchange chromatography: 
International Organization for Standardization.

ISO 11702:2016. Instant tea in solid form-enzymatic determination of total sterols 
content. International Organization for Standardization

ISO 14502-1:2005. Determination of substances characteristic of green and black 
tea—content of total polyphenols in tea—colorimetric method using Folin-Ciocalteu 
reagent. International Organization for Standardization

ISO 15598:1999. Tea-determination of crude fibre content-detection method. 
International Organization for Standardization

ISO 1575:1987. Instant tea in solid form—determination of total ash-detection 
method. International Organization for Standardization

ISO 16634-1:2008. Food products—determination of the total nitrogen content by 
combustion according to the dumas principle and calculation of the crude protein 
content. International Organization for Standardization

ISO 2173 (2003). Instant tea in solid form—determination of soluble solids—
Refractometric method: International Organization for Standardization.

ISO 3720:2011. Black tea-definition and basic requirements. International 
Organization for Standardization

ISO 7513 (1990). Instant tea in solid form—determination of moisture content-detection 
method: International Organization for Standardization.

ISO 9768 (1994). Instant tea—determination of total soluble content-detection method: 
International Organization for Standardization.

ISO 9964-1 (1993). Instant tea in solid form-determination of sodium content-detection 
atomic absorption spectrometry method: International Organization for Standardization.

Ivanišová, E., Meňhartová, K., Terentjeva, M., Harangozo, Ľ., Kántor, A., and 
Kačániová, M. (2020). The evaluation of chemical, antioxidant, antimicrobial and 
sensory properties of kombucha tea beverage. J. Food Sci. Technol. 57, 1840–1846. doi: 
10.1007/s13197-019-04217-3

Jakubczyk, K., Kałduńska, J., Kochman, J., and Janda, K. (2020). Chemical profile and 
antioxidant activity of the kombucha beverage derived from white, green, black and red 
tea. Antioxidants 9:e50447. doi: 10.3390/antiox9050447

Jamir, L., Kumar, V., Kaur, J., Kumar, S., and Singh, H. (2021). Composition, 
valorization and therapeutical potential of molasses: a critical review. Environmental 
technology reviews, 10, 131–142). Taylor and Francis Ltd.

Jayabalan, R., Chen, P. N., Hsieh, Y. S., Prabhakaran, K., Pitchai, P., Marimuthu, S., 
et al. (2011). Effect of solvent fractions of kombucha tea on viability and invasiveness of 
cancer cells-characterization of dimethyl 2-(2-hydroxy-2-methoxypropylidine) 
malonate and vitexin. Indian J. Biotechnol. 89:e10955,

Jayabalan, R., Malbaša, R. V., Lončar, E. S., Vitas, J. S., and Sathishkumar, M. (2014). 
A review on kombucha tea-microbiology, composition, fermentation, beneficial effects, 
toxicity, and tea fungus. Comprehensive reviews in food science and food safety, 13, 
538–550. Blackwell Publishing Inc.

Jayabalan, R., Malini, K., Sathishkumar, M., Swaminathan, K., and Yun, S. E. (2010). 
Biochemical characteristics of tea fungus produced during kombucha fermentation. 
Food Science and Biotechnology. 19, 843–847. doi: 10.1007/s10068-010-0119-6

Jayabalan, R., Marimuthu, S., and Swaminathan, K. (2007). Changes in content of 
organic acids and tea polyphenols during kombucha tea fermentation. Food Chem. 102, 
392–398. doi: 10.1016/j.foodchem.2006.05.032

Jayabalan, R., Marimuthu, S., Thangaraj, P., Sathishkumar, M., Binupriya, A. R., 
Swaminathan, K., et al. (2008a). Preservation of kombucha tea - effect of temperature 
on tea components and free radical scavenging properties. J. Agric. Food Chem. 56, 
9064–9071. doi: 10.1021/jf8020893

Jayabalan, R., Subathradevi, P., Marimuthu, S., Sathishkumar, M., and Swaminathan, K. 
(2008b). Changes in free-radical scavenging ability of kombucha tea during 
fermentation. Food Chem. 109, 227–234. doi: 10.1016/j.foodchem.2007.12.037

Kaashyap, M., Cohen, M., and Mantri, N. (2021). Microbial diversity and 
characteristics of kombucha as revealed by metagenomic and physicochemical analysis. 
Nutrients 13:24446. doi: 10.3390/nu13124446

Kaewkod, T., Bovonsombut, S., and Tragoolpua, Y. (2019). Efficacy of kombucha 
obtained from green, oolongand black teas on inhibition of pathogenic bacteria, 
antioxidation, and toxicity on colorectal cancer cell line. Microorganisms 7:20700. doi: 
10.3390/microorganisms7120700

Khan, M. M. R., Rahman, M. W., Ong, H. R., Ismail, A. B., and Cheng, C. K. 
(2016). Tea dust as a potential low-cost adsorbent for the removal of crystal violet from 
aqueous solution. Desalin. Water Treat. 57, 14728–14738. doi: 10.1080/19443994. 
2015.1066272

Kim, J., and Adhikari, K. (2020). Current trends in kombucha: marketing perspectives 
and the need for improved sensory research. Beverages 6, 1–19. doi: 10.3390/
beverages6010015

Kumar, S. D., Narayan, G., and Hassarajani, S. (2008). Determination of anionic 
minerals in black and kombucha tea using ion chromatography. Food Chem. 111, 
784–788. doi: 10.1016/j.foodchem.2008.05.012

Laavanya, D., Shirkole, S., and Balasubramanian, P. (2021). Current 
challenges, applications and future perspectives of SCOBY cellulose of kombucha 
fermentation. Journal of cleaner production, 295. doi: 10.1016/j.jclepro.2021.126454, 
126454

https://doi.org/10.3389/fmicb.2024.1367697
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1007/s11274-022-03310-8
https://doi.org/10.1007/s11274-022-03310-8
https://doi.org/10.1016/j.etap.2013.04.014
https://consumeraffairs.nic.in/price-monitoring-cell/price-monitoring-cell
https://doi.org/10.3390/jof7090705
https://doi.org/10.1016/S0963-9969(00)00067-3
https://doi.org/10.22037/afb.v3i2.11138
https://doi.org/10.1046/j.1472-765X.1997.00214.x
https://api.semanticscholar.org/CorpusID:90078612
https://fssai.gov.in/upload/uploadfiles/files/Manual_Metals_25_05_2016(1
https://fssai.gov.in/upload/uploadfiles/files/Manual_Metals_25_05_2016(1
https://doi.org/10.3390/nu11010001
https://doi.org/10.1007/978-981-13-1202-1_29
https://doi.org/10.21608/eajbsz.2010.15868
https://doi.org/10.4315/0362-028X-63.7.976
https://doi.org/10.1016/j.foodchem.2013.12.016
https://doi.org/10.1016/j.foodchem.2013.12.016
https://doi.org/10.1016/S0899-9007(00)00380-4
https://doi.org/10.1016/j.heliyon.2019.e02298
https://doi.org/10.1016/j.carres.2019.107890
https://doi.org/10.1016/j.inpa.2016.11.002
https://doi.org/10.1007/s13197-019-04217-3
https://doi.org/10.3390/antiox9050447
https://doi.org/10.1007/s10068-010-0119-6
https://doi.org/10.1016/j.foodchem.2006.05.032
https://doi.org/10.1021/jf8020893
https://doi.org/10.1016/j.foodchem.2007.12.037
https://doi.org/10.3390/nu13124446
https://doi.org/10.3390/microorganisms7120700
https://doi.org/10.1080/19443994.2015.1066272
https://doi.org/10.1080/19443994.2015.1066272
https://doi.org/10.3390/beverages6010015
https://doi.org/10.3390/beverages6010015
https://doi.org/10.1016/j.foodchem.2008.05.012
https://doi.org/10.1016/j.jclepro.2021.126454


Selvaraj and Gurumurthy 10.3389/fmicb.2024.1367697

Frontiers in Microbiology 19 frontiersin.org

Leal, J. M., Suárez, L. V., Jayabalan, R., Oros, J. H., and Escalante-Aburto, A. (2018). A 
review on health benefits of kombucha nutritional compounds and metabolites. 
CYTA—J Food 16, 390–399. doi: 10.1080/19476337.2017.1410499

Leonarski, E., Cesca, K., Zanella, E., Stambuk, B. U., de Oliveira, D., and Poletto, P. 
(2021). Production of kombucha-like beverage and bacterial cellulose by acerola 
byproduct as raw material. LWT 135:110075. doi: 10.1016/j.lwt.2020.110075

Liu, C. H., Hsu, W. H., Lee, F. L., and Liao, C. C. (1996). The isolation and identification 
of microbes from a fermented tea beverage, Haipao, and their interactions during 
Haipao fermentation. Food Microbiol. 13, 407–415. doi: 10.1006/fmic.1996.0047

Lobo, R., Chandrasekhar Sagar, B., and Shenoy, C. (2017). Bio-tea prevents membrane 
destabilization during isoproterenol-induced myocardial injury. J Microsc Ultrastructure. 
5, 146–154. doi: 10.1016/j.jmau.2016.09.001

Lobo, R. O., and Shenoy, C. K. (2015). Myocardial potency of bio-tea against 
isoproterenol induced myocardial damage in rats. J. Food Sci. Technol. 52, 4491–4498. 
doi: 10.1007/s13197-014-1492-6

Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. (1951). Protein 
measurement with the folin phenol reagent. Available at: https://www.researchgate.net/
publication/303259786

Machado, R. T. A., Meneguin, A. B., Sábio, R. M., Franco, D. F., Antonio, S. G., 
Gutierrez, J., et al. (2018). Komagataeibacter rhaeticus grown in sugarcane molasses-
supplemented culture medium as a strategy for enhancing bacterial cellulose production. 
Ind. Crop. Prod. 122, 637–646. doi: 10.1016/j.indcrop.2018.06.048

Malbaša, R., Lončar, E., and Djurić, M. (2008). Comparison of the products of 
kombucha fermentation on sucrose and molasses. Food Chem. 106, 1039–1045. doi: 
10.1016/j.foodchem.2007.07.020

Malbaša, R. V., Lončar, E. S., and Kolarov, Lj. (2002). L-lactic, L-ascorbic, total and 
volatile acids contents in dietetic kombucha beverage. Roumanian Biotechnol. Lett., 
Available at: https://www.researchgate.net/publication/285137028

Malbaša, R. V., Lončar, E. S., Vitas, J. S., and Čanadanović-Brunet, J. M. (2011). 
Influence of starter cultures on the antioxidant activity of kombucha beverage. Food 
Chem. 127, 1727–1731. doi: 10.1016/j.foodchem.2011.02.048

May, A., Narayanan, S., Alcock, J., Varsani, A., Maley, C., and Aktipis, A. (2019). 
Kombucha: A novel model system for cooperation and conflict in a complex multi-
species microbial ecosystem. PeerJ 7:e7565. doi: 10.7717/peerj.7565

Merrill, A. L. (1949). Agriculture handbook, vol. 1: US Department of Agriculture.

Ministry of Petroleum and Natural Gas. Accessed on June 10, 2023, Available at: 
https://mopng.gov.in/en

Mrdanović, J., Bognadović, G., Cvetković, D., Velićanski, A., and Četojević-Simin, D. 
(2007). The frequency of sister chromatid exchange and micronuclei in evaluation of 
cytogenetic activity of kombucha on human peripheral blood lymphocytes. Arch. Oncol. 
15, 85–88. doi: 10.2298/AOO0704085M

Muzaifa, M., Abubakar, Y., Safrida, N., and Irfan. (2023). Phytochemicals and sensory 
quality of cascara kombucha made from coffee by-products. Curr. Res. Nutr. Food Sci. 
11, 605–616. doi: 10.12944/CRNFSJ.11.2.12

Nascimento, F. X., Torres, C. A. V., Freitas, F., Reis, M. A. M., and Crespo, M. T. B. 
(2021). Functional and genomic characterization of Komagataeibacter uvaceti FXV3, a 
multiple stress resistant bacterium producing increased levels of cellulose. Biotechnol. 
Rep. 30:e00606. doi: 10.1016/j.btre.2021.e00606

Neffe-Skocińska, K., Sionek, B., Ścibisz, I., and Kołożyn-Krajewska, D. (2017). 
Contenido de ácido y efectos de las condiciones de fermentación en las propiedades 
fisicoquímicas, microbiológicas y sensoriales de bebidas de té de kombucha. J. Food 15, 
601–607. doi: 10.1080/19476337.2017.1321588

Nguyen, N. K., Nguyen, P. B., Nguyen, H. T., and Le, P. H. (2015). Screening the 
optimal ratio of symbiosis between isolated yeast and acetic acid bacteria strain from 
traditional kombucha for high-level production of glucuronic acid. LWT Food Sci. 
Technol. 64, 1149–1155. doi: 10.1016/j.lwt.2015.07.018

Pauline, T., Dipti, P., Anju, B., Kavimani, S., Sharma, S. K., Kain, A. K., et al. (2001). 
Studies on toxicity, anti-stress and Hepato-protective properties of kombucha tea. 
Biomed. Environ. Sci. 14, 207–213

Pradhan, S., Prabhakar, M. R., Karthika Parvathy, K. R., Dey, B., Jayaraman, S., 
Behera, B., et al. (2023). Metagenomic and physicochemical analysis of kombucha 
beverage produced from tea waste. J. Food Sci. Technol. 60, 1088–1096. doi: 10.1007/
s13197-022-05476-3

Rangaswamy, B. E., Vanitha, K. P., and Hungund, B. S. (2015). Microbial cellulose 
production from Bacteria isolated from rotten fruit. Int. J. Polym. Sci. 2015, 1–8. doi: 
10.1155/2015/280784

Rodrigues, L. R., Teixeira, J. A., and Oliveira, R. (2006). Low-cost fermentative 
medium for biosurfactant production by probiotic bacteria. Biochem. Eng. J. 32, 
135–142. doi: 10.1016/j.bej.2006.09.012

Sai Ram, M., Anju, B., Pauline, T., Prasad, D., Kain, A. K., Mongia, S. S., et al. (2000). 
Effect of kombucha tea on chromate(VI)-induced oxidative stress in albino rats. J. 
Ethnopharmacol. 71, 235–240. doi: 10.1016/S0378-8741(00)00161-6

Selvaraj, S., and Gurumurthy, K. (2023). An overview of probiotic health booster-
kombucha tea. Chinese herbal medicines, 15, 27–32. Elsevier B.V

Semjonovs, P., Ruklisha, M., Paegle, L., Saka, M., Treimane, R., Skute, M., et al. (2017). 
Cellulose synthesis by Komagataeibacter rhaeticus strain P  1463 isolated from 
kombucha. Appl. Microbiol. Biotechnol. 101, 1003–1012. doi: 10.1007/s00253-016-7761-8

Shahbazi, H., Hashemi Gahruie, H., Golmakani, M. T., Eskandari, M. H., and 
Movahedi, M. (2018). Effect of medicinal plant type and concentration on 
physicochemical, antioxidant, antimicrobial, and sensorial properties of kombucha. 
Food Sci. Nutr. 6, 2568–2577. doi: 10.1002/fsn3.873

Shchegoleva, I. D., Molchanova, E. N., Maslova, O. V., and Sokolova, O. S. (2021). 
Justification for the use of waste from tea production. IOP Conf. Series 640:022014. doi: 
10.1088/1755-1315/640/2/022014

Shenoy, K. C. (2000). Hypoglycemic activity of bio-tea in mice. Indian J. Exp. Biol. 38, 
278–279

Sreeramulu, G., Zhu, Y., and Knol, W. (2000). Kombucha fermentation and its 
antimicrobial activity. J. Agric. Food Chem. 48, 2589–2594. doi: 10.1021/jf991333m

Sreeramulu, G., Zhu, Y., and Knol, W. (2001). Characterization of antimicrobial 
activity in kombucha fermentation. Acta Biotechnol. 21, 49–56. doi: 
10.1002/1521-3846(200102)21:1<49::AID-ABIO49>3.0.CO;2-G

Talawat, S., Ahantharik, P., Laohawiwattanakul, S., Premsuk, A., and Ratanapo, S. 
(2006). Efficacy of fermented teas in antibacterial activity. Nat. Sci. Available at: https://
www.researchgate.net/publication/286738487

Teclu, D., Tivchev, G., Laing, M., and Wallis, M. (2009). Determination of the 
elemental composition of molasses and its suitability as carbon source for growth of 
sulphate-reducing bacteria. J. Hazard. Mater. 161, 1157–1165. doi: 10.1016/j.
jhazmat.2008.04.120

Teoh, A. L., Heard, G., and Cox, J. (2004). Yeast ecology of kombucha fermentation. 
Int. J. Food Microbiol. 95, 119–126. doi: 10.1016/j.ijfoodmicro.2003.12.020

Tu, C., Tang, S., Azi, F., Hu, W., and Dong, M. (2019). Use of kombucha consortium 
to transform soy whey into a novel functional beverage. J. Funct. Foods 52, 81–89. doi: 
10.1016/J.JFF.2018.10.024

Valli, V., Gómez-Caravaca, A. M., Di Nunzio, M., Danesi, F., Caboni, M. F., and 
Bordoni, A. (2012). Sugar cane and sugar beet molasses, antioxidant-rich alternatives to 
refined sugar. J. Agric. Food Chem. 60, 12508–12515. doi: 10.1021/jf304416d

Vázquez-Cabral, B. D., Larrosa-Pérez, M., Gallegos-Infante, J. A., 
Moreno-Jiménez, M. R., González-Laredo, R. F., Rutiaga-Quiñones, J. G., et al. (2017). 
Oak kombucha protects against oxidative stress and inflammatory processes. Chem. Biol. 
Interact. 272, 1–9. doi: 10.1016/j.cbi.2017.05.001

Villarreal-Soto, S. A., Beaufort, S., Bouajila, J., Souchard, J. P., Renard, T., Rollan, S., 
et al. (2019). Impact of fermentation conditions on the production of bioactive 
compounds with anticancer, anti-inflammatory and antioxidant properties in kombucha 
tea extracts. Process Biochem. 83, 44–54. doi: 10.1016/j.procbio.2019.05.004

Villarreal-Soto, S. A., Beaufort, S., Bouajila, J., Souchard, J. P., and Taillandier, P. 
(2018). Understanding kombucha tea fermentation: A review. J. Food Sci. 83, 580–588. 
doi: 10.1111/1750-3841.14068

Vitas, J. S., Cvetanović, A. D., Mašković, P. Z., Švarc-Gajić, J. V., and Malbaša, R. V. 
(2018). Chemical composition and biological activity of novel types of kombucha 
beverages with yarrow. J. Funct. Foods 44, 95–102. doi: 10.1016/j.jff.2018.02.019

Wan Sapawi, C., and Hussin, M. (2019). Effects of sugar sources and fermentation time 
on the properties of tea fungus (kombucha) beverage. Int. Food Res. J. 26:e1111,

Watawana, M. I., Jayawardena, N., Gunawardhana, C. B., and Waisundara, V. Y. 
(2015). Health, wellness, and safety aspects of the consumption of kombucha. J. Chem. 
2015:591869. doi: 10.1155/2015/591869

Yapar, K., Cavusoglu, K., Oruc, E., and Yalcin, E. (2010). Protective effect of kombucha 
mushroom (KM) tea on phenol-induced cytotoxicity in albino mice. J. Environ. Biol. 31, 
615–621

Zubaidah, E., Afgani, C. A., Kalsum, U., Srianta, I., and Blanc, P. J. (2019). 
Comparison of in  vivo antidiabetes activity of snake fruit kombucha, black tea 
kombucha and metformin. Biocatal. Agric. Biotechnol. 17, 465–469. doi: 10.1016/j.
bcab.2018.12.026

https://doi.org/10.3389/fmicb.2024.1367697
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1080/19476337.2017.1410499
https://doi.org/10.1016/j.lwt.2020.110075
https://doi.org/10.1006/fmic.1996.0047
https://doi.org/10.1016/j.jmau.2016.09.001
https://doi.org/10.1007/s13197-014-1492-6
https://www.researchgate.net/publication/303259786
https://www.researchgate.net/publication/303259786
https://doi.org/10.1016/j.indcrop.2018.06.048
https://doi.org/10.1016/j.foodchem.2007.07.020
https://www.researchgate.net/publication/285137028
https://doi.org/10.1016/j.foodchem.2011.02.048
https://doi.org/10.7717/peerj.7565
https://mopng.gov.in/en
https://doi.org/10.2298/AOO0704085M
https://doi.org/10.12944/CRNFSJ.11.2.12
https://doi.org/10.1016/j.btre.2021.e00606
https://doi.org/10.1080/19476337.2017.1321588
https://doi.org/10.1016/j.lwt.2015.07.018
https://doi.org/10.1007/s13197-022-05476-3
https://doi.org/10.1007/s13197-022-05476-3
https://doi.org/10.1155/2015/280784
https://doi.org/10.1016/j.bej.2006.09.012
https://doi.org/10.1016/S0378-8741(00)00161-6
https://doi.org/10.1007/s00253-016-7761-8
https://doi.org/10.1002/fsn3.873
https://doi.org/10.1088/1755-1315/640/2/022014
https://doi.org/10.1021/jf991333m
https://doi.org/10.1002/1521-3846(200102)21:1<49::AID-ABIO49>3.0.CO;2-G
https://www.researchgate.net/publication/286738487
https://www.researchgate.net/publication/286738487
https://doi.org/10.1016/j.jhazmat.2008.04.120
https://doi.org/10.1016/j.jhazmat.2008.04.120
https://doi.org/10.1016/j.ijfoodmicro.2003.12.020
https://doi.org/10.1016/J.JFF.2018.10.024
https://doi.org/10.1021/jf304416d
https://doi.org/10.1016/j.cbi.2017.05.001
https://doi.org/10.1016/j.procbio.2019.05.004
https://doi.org/10.1111/1750-3841.14068
https://doi.org/10.1016/j.jff.2018.02.019
https://doi.org/10.1155/2015/591869
https://doi.org/10.1016/j.bcab.2018.12.026
https://doi.org/10.1016/j.bcab.2018.12.026

	Metagenomic, organoleptic profiling, and nutritional properties of fermented kombucha tea substituted with recycled substrates
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Preparation of kombucha tea
	2.3 Physicochemical analysis of the raw materials
	2.3.1 Physicochemical analysis of the tea leaves and tea dust
	2.3.1.1 Analysis of the moisture content of the tea leaves and tea dust
	2.3.1.2 Analysis of the total soluble content of the tea leaves and tea dust
	2.3.1.3 Analysis of the caffeine content of the tea leaves and tea dust
	2.3.1.4 Analysis of the nitrogen content of the tea leaves and tea dust
	2.3.1.5 Analysis of the polyphenol content of the tea leaves and tea dust
	2.3.1.6 Analysis of the ash content of the tea leaves and tea dust
	2.3.2 Physicochemical analysis of molasses
	2.3.2.1 Analysis of the pH of molasses
	2.3.2.2 Analysis of the brix of molasses
	2.3.2.3 Analysis of the specific gravity of molasses
	2.3.2.4 Analysis of the sugars in molasses
	2.3.2.5 Analysis of the nitrogen content in molasses
	2.4 Microbial diversity of kombucha
	2.5 Biochemical analysis and antioxidant activity of kombucha
	2.6 Nutritional profiling of kombucha tea
	2.6.1 Estimation of sugars in kombucha tea
	2.6.2 Estimation of minerals in kombucha tea
	2.6.3 Estimation of vitamins in kombucha tea
	2.6.4 Estimation of ethanol content in kombucha tea
	2.6.5 Estimation of protein content in kombucha tea
	2.6.6 Estimation of total fat in kombucha tea
	2.6.7 Estimation of fiber in kombucha tea
	2.6.8 Estimation of sodium in kombucha tea
	2.6.9 Estimation of carbohydrate content in kombucha tea
	2.6.10 Estimation of calories in kombucha tea
	2.6.11 Estimation of cholesterol in kombucha tea
	2.6.12 Estimation of caffeine in kombucha tea
	2.7 Sensory analysis
	2.7.1 Membrane filtration and coliform test
	2.7.2 Evaluation of organoleptic properties
	2.8 Statistical analysis

	3 Results and discussion
	3.1 Physicochemical analysis of the raw materials
	3.1.1 Physicochemical analysis of the tea leaves and tea dust
	3.1.2 Physicochemical analysis of molasses
	3.2 Microbial diversity of kombucha
	3.3 Biochemical analysis and antioxidant activity of kombucha
	3.3.1 Estimation of acid content in kombucha tea
	3.3.2 Estimation of tannin, flavonoid, and total polyphenol content in kombucha tea
	3.3.3 Antioxidant activity by the DPPH method and the FRAP method in kombucha tea
	3.4 Nutritional profiling of kombucha
	3.5 Sensory analysis
	3.5.1 Coliform test
	3.5.2 Evaluation of organoleptic properties

	4 Conclusion
	Data availability statement
	Author contributions

	References

