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Abstract
Kombucha, a traditional fermented tea beverage, is produced through the combined action of yeast, lactic acid bacteria, and acetic acid bacteria, offering

various health benefits. In this study, green tea Kombucha (K-GT) and black tea Kombucha (K-BT) were prepared using the same batch of tea leaves, and their

sensory  qualities,  microbial  composition,  and  bioactive  components  were  compared.  The  results  indicated  that  K-GT  exhibited  a  fresh  flavor  profile,

characterized by a subtle sweetness and a mild vinegar taste. Additionally, the K-GT biofilm was found to be the thickest and smoothest among the samples.

Komagataeibacter can promote the growth of bacterial cellulose membranes and thicken the biofilm, with the highest proportion of K-GT (97%) in the three

groups. In contrast, K-BT had a sweet and sour taste with a strong vinegar flavor and a fizzy sensation. The yeast community in K-BT group was the most

abundant among the three Kombucha species, and Zygosaccharomyces was the dominant bacterial group. Comparative analysis of active components and

microbial associations revealed that K-BT produced more amino acids, peptides, purines, pyrimidines, and their derivatives compared to K-GT. Many of these

components  are  microbial  metabolites  and  exhibit  stronger  bio-protein  interaction  network  regulatory  capabilities.  This  study  demonstrates  that  using

different types of tea leaves as the fermentation base for Kombucha significantly alters the structure of the microbial community involved in fermentation.

These changes can subtly affect the fermentation quality, bioactive compounds, and biofilm formation of Kombucha, which is highly relevant and valuable

for Kombucha beverage manufacturers, biofilm technology experts, and synthetic ecologists.
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Kombucha  originated  in  China  and  has  a  history  of  over  two

thousand years. Sometimes referred to as 'Sea Treasure' or 'Stomach
Treasure'[1−3],  this  traditional  fermented  acidic  tea  drink  is  widely
acclaimed  for  its  unique  flavor  and  numerous  health  benefits.
Kombucha is widely praised as a beneficial health beverage, known
for  its  antioxidant  properties[4,5],  liver  protection[6],  and  improve-
ment  of  digestive  system  function[7],  among  other  benefits.  In  the
traditional  production  of  Kombucha,  black  tea,  and  sugar  are  the
primary  ingredients.  However,  in  recent  years,  to  enhance the  sen-
sory  appeal  and  bioactivity  of  Kombucha,  people  have  started
experimenting with various herbs and teas in  its  preparation[8].  For
instance, Zou et al.[9] used purple bud tea,  black tea,  and green tea
to  produce  different  Kombucha  samples  and  found  that  their  1,1-
diphenyl-2-picrylhydrazyl  (DPPH)  free  radical  scavenging  capacity
was  enhanced  after  fermentation.  In  contrast,  Jakubczyk  et  al.[10]

discovered  that  the  antioxidant  capacity  of  black  tea,  white
tea,  and  green  tea  decreased  after  fermentation.  Additionally,
Gramza-Michalowska et al.[11] found that the microbial fermentation
process  had  no  significant  impact  on  the  content  of  tea  polyphe-
nols  and  antioxidant  capacity.  Jakubczyk  et  al.[10] reported  that
green tea Kombucha had the greatest antioxidant potential. Recen-
tly, Cardoso et al.[12] reported that the antioxidant capacity of black
tea Kombucha was superior to that of green tea Kombucha.

The fermentation process of Kombucha involves complex interac-
tions among microbial communities, primarily including acetic acid
bacteria,  yeast,  and  lactic  acid  bacteria[13,14].  Within  the  first  three
days  of  fermentation,  yeast  converts  sucrose  into  glucose  and
fructose[15,16],  generating  ethanol  and  carbon  dioxide  through
glycolysis  and  acetoin  decarboxylation  reactions[10,17].  By  the  6th to

the  8th day  of  fermentation,  yeast  population  and  ethanol  concen-
tration peak[18], at which point acetic acid bacteria consume glucose
and  fructose,  converting  ethanol  into  acetic  acid  and  gluconic
acid,  with  acetic  acid  levels  reaching  their  peak  on  the  15th day  of
fermentation[19,20]. Analysis of Kombucha fermentation broth reveals
that  acetic  acid,  lactic  acid,  and gluconic  acid are its  primary meta-
bolic products[17]. The levels of these compounds and microbial com-
position  dynamically  change  throughout  fermentation,  influenced
not only by fermentation techniques but also closely related to the
types  of  tea  leaves  used  to  brew  Kombucha.  Understanding  these
changes  is  crucial  for  optimizing  the  fermentation  process  of
Kombucha, enhancing its health benefits and flavor characteristics.

Green  tea  and  black  tea  are  the  two  most  commonly  used  tea
bases  for  making  Kombucha.  Studies  have  shown  that Oenococcus
oeni,  which  is  closely  associated  with  green  tea,  is  found  in
Kombucha  made  from  a  green  tea  base,  while  it  is  absent  in
Kombucha  made  from  a  black  tea  base.  During  the  fermentation
process,  black  tea  Kombucha  consumes  glucose  and  fructose  at  a
higher  rate  and  produces  organic  acids  and  cellulose  more  quickly
than green tea Kombucha, with its yeast population peaking on the
7th day, whereas green tea Kombucha reaches the peak on the 10th

day[21].
Building  upon  previous  research,  this  study  used  green  tea  and

black  tea  prepared  from  the  same  raw  materials  as  bases,  emplo-
ying  traditional  Chinese  methods  to  produce  Kombucha.  Through
microbial  testing,  untargeted  metabolomics,  and  network  pharma-
cology  analysis,  the  study  systematically  explored  the  differences
between  the  two  base  Kombuchas  in  terms  of  sensory  quality,
microbial structure, and bioactive components. 
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Experimental materials and methods
 

Materials
Green tea and black tea were prepared from tea leaves harvested

during  the  Grain  Rain  season  in  Fuliang  County,  Jiangxi  Province,
China.  The  Kombucha  SCOBY  (Symbiotic  Culture  of  Bacteria  and
Yeast) was purchased from Beijing Sisi Slow Food Catering Co., LTD
(Beijing, China). 

Preparation and sampling of Kombucha
Using an electronic scale, 5 g of green tea and black tea samples

were  respectively  weighed  and  added  to  containers  with  500  mL
of  boiling  water,  boiled  for  3  min  on  an  induction  cooker.  The
tea  liquid  was  then  topped  up  to  500  mL  and  poured  into  sterile
1,500  mL  glass  jars.  Subsequently,  50  g  of  white  sugar  was  added
and stirred until completely dissolved. The tea liquid was allowed to
cool to room temperature. Twenty g of SCOBY (Symbiotic Culture Of
Bacteria  and  Yeast)  were  measured  and  placed  into  fermentation
tanks,  followed  by  the  addition  of  50  mL  of  Kombucha  original
liquid; The green tea and black tea Kombucha samples were labeled
K-GT and K-BT, respectively. In the control group, except for adding
an equal amount of distilled water without tea, the other steps were
the same as those of the previous two groups and were labeled K-C.
The  fermentation  tank  was  sealed  with  two  layers  of  clean  gauze
and secured with rubber bands. Finally, the fermentation tanks were
placed in an incubator at 28 °C for 14 d of fermentation. Afterward,
they  were  quickly  frozen  with  liquid  nitrogen  for  10  s  and  imme-
diately transferred to a refrigerator at −80 °C for further analysis. 

Sensory evaluation
On  the  14th day  of  fermentation,  a  sensory  evaluation  of  the

Kombucha was conducted[22].  A  sensory evaluation was conducted
by a trained panel from Hunan Agricultural University, consisting of
four  females  and  three  males  aged  between  20  to  35  years.  Three
groups  of  250  mL  Kombucha  fermentation  liquid  were  sampled:
100  mL  was  poured  into  a  transparent  glass  for  observing  appea-
rance and color, and 150 mL was transferred into a tasting bowl for
flavor  assessment.  In  conformity  with  a  validated  methodological
framework,  a  sensory  evaluation  of  the  Kombucha  samples  was
carried  out  through  a  quantitative  descriptive  analysis  technique.
The assessment was performed on a scale that spanned a numerical
continuum from 1 to 9, with a higher score indicating a greater pre-
ference for the Kombucha sample. 

Microbial community analysis
The fermentation liquid samples of three groups in 1.3 after 14 d

of  fermentation  were  frozen  in  liquid  nitrogen  for  3  min  and  then
sent  to  BGI  Genomics  for  microbial  community  analysis.  High-
quality  genomic  DNA  (30  ng)  underwent  PCR  using  fusion  primers
targeting  the  V3-V4  and  ITS2  regions  of  total  DNA.  PCR  products
were  purified  with  Agencourt  AMPure  XP  beads,  eluted  in  Elution
Buffer, and prepared for library construction. Library fragment sizes
and  concentrations  were  assessed  using  an  Agilent  2100  Bioana-
lyzer.  Qualified  libraries  were  sequenced  on  the  HiSeq  platform
based on insert  sizes.  Following sample  differentiation,  community
bar  charts,  and  heat  maps  were  generated  at  phylum  and  genus
levels.  The  LEfSe  method  analyzed  bacterial  community  abun-
dances and related categories. PICRUSt2 predicted Kyoto Encyclope-
dia of Genes and Genomes (KEGG) functional abundances based on
KO IDs, representing specific genes and metabolic pathways[23]. 

Non-targeted metabolomics analysis
The fermentation liquid samples of three groups in 1.3 after 14 d

of fermentation were thawed at 4 °C, and 100 μL/sample was mixed
in a 96-well plate with 300 μL extraction solution (methanol : ACN =

2:1,  pre-cooled to −20 °C) and 10 μL internal standards (d3-leucine,
13C9-phenylalanine,  d5-tryptophan,  13C3-progesterone),  vortexed
for 1 min, and incubated at −20 °C for 2 h. After centrifugation (4 °C,
4,000  g,  20  min),  300 μL  supernatant  was  dried  in  a  cold  vacuum
concentrator.  Then,  150 μL  resolvent  (methanol  :  H2O  =  1:1)  was
added, vortexed (1 min),  and centrifuged (4 °C,  4,000 rpm, 30 min).
The  supernatant  was  transferred  to  sample  vials.  Quality  control
used 10 μL of  each supernatant  to  prepare  a  QC sample  for  LC-MS
analysis  repeatability.  The  experiment  utilized  a  Waters  2D  UPLC
coupled  with  a  Q  Exactive  HF  high-resolution  mass  spectrometer
(Thermo Fisher Scientific) for metabolite separation and detection. 

Correlation analysis between microbes and
metabolites

Correlation  analysis  was  conducted  on  the  major  differential
metabolites  enriched  in  the  top  10  KEGG  pathways  of  both  green
tea (K-GT) and black tea (K-BT) Kombucha. Microbial and metabolite
correlation analysis was performed using the OmicStudio tool avai-
lable  at www.omicstudio.cn/tool.  Specifically,  10  differential  meta-
bolites  from the top 10 KEGG pathways  of  K-GT and 22 differential
metabolites  from  K-BT  were  annotated  using  the  PubChem  data-
base  (https://pubchem.ncbi.nlm.nih.gov)  to  convert  into  Simplified
Molecular Input Line Entry System (SMILES) notation and filtered for
bioavailability  score  (BS)  >  0.17.  Target  prediction  of  these  meta-
bolites  was  conducted  using  the  SwissTargetPrediction  database
(www.swisstargetprediction.ch), setting Probability > 0 as a filtering
criterion.  Filtered  target  genes  were  imported  into  the  STRING
database  (https://string-db.org/)  to  predict  protein-protein  interac-
tions (PPI) with a total score ≥ 0.9. Metascape database (www.metas-
cape.org)  was  employed  for  online  functional  annotation  and
enrichment  pathway  analysis  of  target  genes,  selecting  Homo
sapiens as the species.  Cytoscape 3.9.1 (https://cytoscape.org/)  was
used  to  construct  a  network  of  associations  between  active  ingre-
dients and target genes. 

Network pharmacology analysis
To identify  active ingredients of  differential  metabolites in green

tea and black tea Kombucha, metabolite SMILES numbers obtained
from  PubChem  were  inputted  into  SwissADME  for  screening,
particularly  focusing  on  metabolites  with  a  'Bioavailability  Score  ≥
0.17'. The Swiss Target Prediction database was used to analyze the
targets  of  active  ingredients  to  obtain  potential  targets,  filtering
based on probability > 0 and removing duplicates. Import the gene
names  of  potential  targets  into  STRING  (www.string-db.org),  select
the species as 'Homo sapiens', and perform protein-protein interac-
tion  (PPI)  network  analysis.  Save  the  PPI  diagram  and  import  the
analysis data into Cytoscape 3.9.1 for further analysis. Use the values
of  Degree  Centrality  (DC),  Betweenness  Centrality  (BC),  and  Close-
ness  Centrality  (CC)  from  the  analysis  results  for  screening.  First,
perform  an  initial  screening  based  on  the  median  values  of  these
three  metrics,  then  adjust  the  screening  values  for  further  refine-
ment  to  identify  potential  core  targets.  Finally,  a  diagram  of  core
target-active  ingredient  relationships  was  constructed,  with  node
color indicating compound categories, node size related to degree,
and edges representing connections. 

Results and analysis
 

Sensory evaluation of Kombucha
After  fermentation,  a  sensory  assessment  was  performed  on

Kombucha  samples  from  various  groups,  with  the  findings
presented  in Fig.  1.  Detailed  sensory  descriptions  are  shown  in
Supplementary  Tables  S1 and S2.  The  assessment  results  in Fig.  1a
show  that  the  green  tea  Kombucha  group  (K-GT)  exhibited  a  pale
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yellow-green  liquid  color,  while  the  black  tea  Kombucha  (K-BT)
displayed  an  amber-colored  liquid. Figures  1b and c indicate  that
the green tea Kombucha had a smooth and subtly sweet taste with
a  hint  of  vinegar  flavor  and  a  fresh  tea  aroma.  The  black  tea
Kombucha  had  a  robust  vinegar  flavor  intertwined  with  the  floral
and  fruity  notes  characteristic  of  black  tea,  with  a  sweet  and  sour
taste and a fizzy texture. Compared to the other two groups, it had
the  highest  sweet  taste  score  and  the  lowest  sourness  score,  offe-
ring a superior overall sensory experience. 

Microbial composition analysis of Kombucha liquor 

Analysis of bacterial 16S rRNA sequencing in fermentation
liquor

16S  rRNA  sequencing  analysis  was  performed  on  12  Kombucha
samples,  resulting  in  the  identification  of  615  operational  taxo-
nomic units (OTUs) through clustering analysis. Among them, the K-
BT  group  exhibited  the  highest  number  of  unique  OTUs,  totaling
158; whereas the K-GT group had the fewest unique OTUs, with 38.
There were 210 core OTUs identified across all samples, which were
present universally (Fig. 2a).

Rarefaction  curves  demonstrated  that  as  sequencing  depth
increased,  the  number  of  OTUs  gradually  rose  and  stabilized  after
reaching  a  certain  level  (Fig.  2b).  This  indicates  high  sequencing
accuracy and comprehensive coverage of OTUs, reflecting the micro-
bial diversity of Kombucha liquor comprehensively.

At  the  species  level  classification, Komagataeibacter  hansenii
emerged as the predominant species in all  samples, demonstrating
significant dominance (Fig. 2c). In the analysis of microbial composi-
tion at the genus level, the main microbial genera identified include
Komagataeibacter and Fusobacterium.  Among  them, Komagataei-
bacter was  overwhelmingly  dominant  across  all  samples,  with  an
average  abundance  exceeding  84%,  belonging  to  the Acetobacte-
raceae family.  Specifically,  the  relative  abundances  of Koma-
gataeibacter in  K-C,  K-GT,  and  K-BT  were  97%,  98.6%,  and  92.97%,
respectively  (Fig.  2d). Komagataeibacter  hansenii serves  as  a  model
organism  that  can  be  genetically  engineered  to  produce  specific
biomaterials  like  bacterial  cellulose  or  metabolic  products  such  as
acetic acid.

Predictive  functional  analysis  of  KEGG  pathways  was  conducted
for the three groups of Kombucha samples (Fig. 2e). The results indi-
cate  that  K-BT  exhibited  the  highest  total  abundance  of  functional
genes,  particularly  highlighting  its  prominence  in  metabolic  path-
ways. This suggests that Kombucha based on black tea shows signifi-
cant advantages in metabolic activity and functional diversity. 

ITS analysis of fungi in Kombucha tea
Through ITS gene sequencing analysis, a total of 204 Operational

Taxonomic  Units  (OTUs)  were  detected  across  the  three  groups  of

samples.  Among  these,  the  K-GT  group  exhibited  the  highest
number  of  unique  OTUs,  totaling  94;  followed  by  the  K-BT  group
with 89;  and a  core set  of  36 OTUs common to all  groups (Fig.  3a).
Species  rarefaction  curves  from  ITS  sequencing  (Fig.  3b)  demon-
strate  high  accuracy  and  comprehensive  OTU  coverage  of  the
sequencing results.

Through ITS sequencing, the top ten genera with the highest rela-
tive abundance were found at the genus level,  as shown in Fig.  3c.
The  three  groups  of  samples  included Zygosaccharomyces, Ther-
moascus, Saccharomyces, Aspergillus, Hanseniaspora, and Saccha-
romycopsis,  Dekkera,  Issatchenkia,  Plenodomus, and Zygosaccha-
romyces were predominant in the K-BT group (88.27%), followed by
74.5% in the K-C group and 50.94% in the K-GT group.

At the species level analysis, major yeast species in Kombucha tea
included Zygosaccharomyces  bailii,  which  occupied  a  significant
proportion  across  all  groups:  88.27%  in  K-BT,  74.5%  in  K-C,  and
50.95% in K-GT.  Additionally, Saccharomyces  cerevisiae and Dekkera
bruxellensis were also prominent in all three groups. Notably, the K-
BT group showed the highest yeast proportion among fungi, reach-
ing 97.74%, followed by 85.28% in K-GT, and approximately 85.07%
in  K-C  (Fig.  3d, e).  This  indicates  that  the  K-BT  group  has  superior
yeast  abundance and diversity  compared to  the  other  two groups,
highlighting  the  significant  advantages  of  black  tea-based  Kombu-
cha tea in yeast richness and biological activity. 

Metabolomic analysis of Kombucha fermentation
broth

Metabolites  from  three  types  of  Kombucha  were  separated  and
detected using LC-MS/MS in both positive and negative ion modes.
The base peak chromatograms (BPCs) of all  quality control samples
in  positive  and  negative  ion  detection  modes  are  shown  in Fig.  4a
and b,  indicating  good  reproducibility  and  stability  of  the  analysis.
Principal  Component  Analysis  (PCA)  and  Partial  Least  Squares  Dis-
criminant  Analysis  (PLS-DA)  were  employed  to  explore  the  correla-
tion  between  K-GT  and  K-BT  groups.  The  results  demonstrate  that
PCA and PLS-DA effectively distinguish between samples from diffe-
rent groups in both positive and negative ion modes (Fig. 4c & d).

The  heatmap  analysis  of  differential  metabolites  shows  that,
according  to  the  secondary  classification  standards  of  the  HMDB
database, 120 upregulated metabolites were identified in K-GT, pri-
marily  including  41  phenylpropanoids  and  polyketides,  17  benze-
noids,  12  organic  acids  and  derivatives,  11  organic  oxygen  com-
pounds,  and  11  organoheterocyclic  compounds.  In  contrast,  188
upregulated metabolites were identified in K-BT, primarily including
45 phenylpropanoids and polyketides, 31 organic acids and deriva-
tives,  29  organoheterocyclic  compounds,  and  29  benzenoids.
Compared to K-GT,  K-BT may produce more amino acids,  peptides,
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Fig. 1    Sensory evaluation results of Kombucha. (a) The appearance of dried tea, tea infusion according to sensory analysis. (b) The effects of three type
of Kombucha on the taste, aroma, and soup color according to sensory analysis. (c) Taste evaluation of three type of Kombucha.

Comparison of green tea and black tea Kombucha
 

Yuan et al. Beverage Plant Research 2025, 5: e011   Page 3 of 10



purines,  and  pyrimidines  in  terms  of  abundance  and  diversity
(Fig. 5a).

KEGG  functional  clustering  analysis  of  differential  metabolites  in
the  fermentation  liquids  of  K-GT  and  K-BT  revealed  that  K-GT's
differential  metabolites  were  mainly  enriched  in  11  pathways
(Fig. 5c). Pearson correlation coefficients analysis of these key meta-
bolites  with  strains  showed  that  K-GT  was  associated  with  eight
major  microbial  metabolites,  including  flavin  mononucleotide,  N-
acetyl-L-glutamic acid, 3-hydroxybutanoate, urocanate, homogenti-
sate,  (+/−)-pantetheine,  1,2-dihydroxy-3-keto-5-methylthiopentene,
and  4-acetamidobutanoic  acid  (Fig.  5d).  These  metabolites  were
significantly  enriched  in  pathways  such  as  riboflavin  metabolism,
arginine  biosynthesis,  histidine  metabolism,  and pantothenate  and
CoA  biosynthesis  (Fig.  5e).  These  metabolites  were  significantly
associated with the bacterium Komagataeibacter and fungi Dekkera,
Saccharomyces, Hanseniaspora, Plenodomus, and Aspergillus (Fig. 5d).

In  addition,  K-BT's  differential  metabolites  were  mainly  enriched
in 21 pathways (Fig.  5c).  Pearson correlation coefficients analysis of
the  top  ten  pathways'  differential  metabolites  with  strains  identi-
fied  13  microbial  metabolites,  including  Saicar,  saccharopine,
pyridoxamine,  nicotinic  acid  mononucleotide,  Nepsilon,nepsilon,
nepsilon-trimethyllysine,  indole-3-acetic  acid,  guanine,  dopamine,
D-(−)-aspartic  acid,  cytidine  5'-monophosphate,  beta-alanine,
adenine,  and  acetyl-n-formyl-5-methoxykynurenamine.  These

metabolites  were  primarily  enriched  in  pathways  such  as  purine
metabolism,  lysine  degradation,  tyrosine  metabolism,  nicotinate
and  nicotinamide  metabolism,  and  beta-alanine  metabolism
(Fig.  5f).  These  metabolites  were  significantly  associated  with  the
bacterium Komagataeibacter and Fusobacterium,  as  well  as  fungi
Zygosaccharomyces, Dekkera, Saccharomyces, Hanseniaspora, Plen-
odomus, Thermoascus,  and Aspergillus (Fig.  5d).  The  results  suggest
that there may be mutually promoting relationships between these
microorganisms and metabolites. 

Network pharmacology analysis of differential
metabolites

Based on the results  of  the active ingredient  association analysis
from  the  protein-protein  interaction  (PPI)  network  (Fig.  6a),  key
active ingredients were selected using Degree Centrality (DC) grea-
ter than the median of 10, Betweenness Centrality (BC) greater than
the median of 0.000683, and Closeness Centrality (CC) greater than
the  median  of  0.243137255.  In  the  PPI  network,  the  active  ingre-
dients of green tea Kombucha (K-GT) included 300 nodes and 3,954
edges,  involving  a  total  of  79  bioactive  components.  These  mainly
included  11  types  of  benzene  and  its  derivatives,  seven  types  of
flavonoids, three types of indoles and their derivatives, two types of
organic  acids,  two  types  of  terpenes,  two  types  of  alcohols,
two  types  of  amino  acids  and  their  derivatives,  two  types  of
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Fig.  2    16S  sequencing  analysis  of  Kombucha  fermentation  liquor  among  different  groups.  (a)  Venn  diagram  of  16S  sequencing  OTUs.  (b)  Species
accumulation curve. (c) Graphlan diagram. (d) Heat map displaying distribution of species at the bacterial species level. (e) Relative abundance of major
metabolic  pathways  from  the  KEGG  database  (based  on  16S  rRNA  sequencing  data).  To  ensure  data  comparability  and  accuracy,  functional  gene
abundances have been log10 transformed and normalized using z-score standardization (zero-mean normalization).
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Fig. 3    Analysis of ITS sequencing of Kombucha fermentation fungi.  (a) Venn diagram of ITS sequencing OTUs. (b) Species accumulation curve. (c) Bar
chart of fungal genus-level species distribution. (d) Heat map of fungal species-level species distribution. (e) Graphlan diagram.
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Fig.  4    Non-targeted metabolomic  data  analysis  of  different  types  of  Kombucha.  (a),  (b)  Overlay  of  base peak chromatograms (BPCs)  in  negative and
positive ion modes for QC samples. (c), (d) PCA and PLS-DA score plots depicting the analysis models between K-GT and K-BT groups.
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Fig. 5    Differential metabolite analysis of K-GT and K-BT fermentation liquids. (a) Heatmap of differential metabolites. (b) KEGG enrichment analysis of
differential  metabolites  in  K-GT.  (c)  KEGG enrichment  analysis  of  differential  metabolites  in  K-BT.  (d)  Correlation analysis  between key  metabolites  and
microorganisms  in  K-GT  and  K-BT.  The  top  10  key  metabolites  enriched  in  KEGG  from  the  differential  metabolites  of  K-GT  and  K-BT  were  analyzed  for
Pearson correlation with bacterial and fungal species. The x-axis represents bacterial and fungal genera, and the y-axis represents key metabolites. Red
and blue indicate positive and negative Pearson correlation coefficients (r), respectively. * and ** denote significance levels of 0.01 < p < 0.05 and 0.001 <
p < 0.01, respectively. (e), (f) Cluster analysis scatter plots of metabolites obtained from the correlation analysis in the K-GT and K-BT groups, respectively.
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carbohydrates,  two  types  of  carbonyl  compounds,  two  types  of
polyketides,  one  type  of  amines  and  their  derivatives,  one  type  of
phenols  and  their  derivatives,  and  24  other  types.  Based  on  the
degree  of  connectivity,  important  active  ingredients  in  K-GT  are
benzene  and  its  derivatives,  flavonoids,  and  some  components  in
other categories (Fig. 6a).

Using  Degree  Centrality  (DC)  greater  than  the  median  of  10,
Betweenness  Centrality  (BC)  greater  than  the  median  of
0.000329272, and Closeness Centrality (CC) greater than the median
of 0.241144057 as criteria, the active ingredients in the PPI network
of black tea Kombucha (K-BT) included 492 nodes and 3,251 edges,
involving  a  total  of  183  active  ingredients.  The  main  components
included 20  types  of  amino acids  and their  derivatives,  15  types  of
benzene and its derivatives, 10 types of polyketides, seven types of
alkaloids  and  their  derivatives,  five  types  of  terpenes,  five  types  of
phenols and their derivatives, four types of flavonoids, four types of
fatty acids, four types of coumarins and their derivatives, four types

of pyrimidines and their derivatives, three types of purines and their
derivatives,  two  types  of  carbohydrates,  two  types  of  carbonyl
compounds,  two  types  of  isobenzofuranones,  one  type  of  organic
acid,  and  95  other  types.  Based  on  the  degree  of  connectivity,
important  active  ingredients  include  amino  acids  and  their  deriva-
tives,  benzene  and  its  derivatives,  polyketides,  alkaloids,  and  some
components in other categories (Fig. 6b). 

Discussion

Compared with the K-C group, both K-GT and K-BT up-regulated
more  differential  metabolites.  Among  them,  there  are  more  small-
molecule  active  substances  that  are  easy  to  be  absorbed  by  the
human  body,  including  catechins  and  their  polymers,  flavonoids
and  glycosides,  amino  acids,  alkaloids,  soluble  sugars,  etc.,  which
indicates  that  the  use  of  tea  as  the  substrate  not  only  makes  the
taste  of  Kombucha  sweet  and  sour  but  also  increases  the  active

 

 
Fig. 6    Key bioactive components, key target genes, and PPI network diagrams for (a) K-GT, and (b) K-BT. Note: Circles represent target genes, with their
size  and  color  intensity  indicating  the  degree  of  connectivity  to  active  components  and  their  importance  in  the  network.  Squares  represent  active
components, with their size proportional to the number of connected target genes. The network topology analysis based on connectivity determined the
core bioactive components and key target genes for K-GT and K-BT.
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ingredients of  Kombucha.  K-BT produces more purines and pyrimi-
dines and their  derivatives than K-GT, which may be the reason for
K-BT's unique bubble sensation.

The  fermentation  process  of  Kombucha  primarily  involves  three
major  microbial  groups:  acetic  acid  bacteria,  yeast,  and  lactic  acid
bacteria.  Among  them,  representatives  of  acetic  acid  bacteria
include Gluconacetobacter, Acetobacter,  and Komagataeibacter[24].
These strains are capable of producing bacterial  cellulose similar to
plant  cellulose.  Due  to  its  excellent  properties  in  adsorption  capa-
city, mechanical strength, purity, and water retention ability, bacte-
rial  cellulose  has  high  practical  value.  This  study  found  that  com-
pared  to  K-BT,  the  K-GT  group  exhibited  thicker  biofilms  and  a
higher proportion of bacterial cellulose-producing strains. This indi-
cates  that  green  tea-based  Kombucha  is  more  favorable  for  bacte-
rial cellulose production, highlighting its potential advantage in this
aspect.

Different  types  of  tea  leaves  significantly  influence  the  microbial
structure  of  Kombucha.  Previous  studies  commonly  identified Glu-
conacetobacter as  the  dominant  genus  of  acetic  acid  bacteria  in
Kombucha.  However, Komagataeibacter,  a  genus  newly  classified
from Gluconacetobacter[25,26],  is  widely  utilized in  industrial  produc-
tion due to  its  high acid  production capacity,  which contributes  to
the  sour  taste  of  Kombucha.  Additionally,  this  study  detected  the
presence  of  Fusobacterium  for  the  first  time,  which  has  not  been
reported  in  previous  research.  We  found  that  Fusobacterium  was
most abundant in the K-BT and K-CT groups, while its presence was
minimal in the K-GT group. Fusobacterium is a type of bacteria that
produces  butyric  acid,  commonly  found  in  fermented  tofu  and  is
known to inhibit the production of propionic acid by propionic acid
bacteria[27].  Compared  to  K-GT,  the  microbial  communities  in  K-BT
were  more  diverse,  possibly  due  to  the  broad-spectrum  antibacte-
rial properties inherent in green tea itself[28].

Through  ITS  sequencing  analysis  of  eukaryotes  in  Kombucha,
we  identified  a  notably  dominant  fungal  genus  in  K-BT—Saccha-
romyces.  In contrast, the fungal population distribution in K-GT was
more  evenly  spread.  Additionally, Aspergillus was  detected  in  all
three sample groups.  Kaashyap et al.  also reported the presence of
this  fungus  in  Kombucha  samples[29].  This  fungus  is  commonly
found in fermented foods like wine and vinegar, often in significant
quantities. Aspergillus plays  a  pivotal  role  in  breaking  down  raw
materials,  particularly  starch  and  proteins,  thereby  increasing  the
concentrations of sugars and amino acids over time[30,31].

Through predictions of  microbial  community gene functions,  we
found that functional  gene abundance in the K-BT group generally
exceeded that  of  the other  two groups.  From a health perspective,
microbial  functions  related  to  metabolism  were  predominantly
enriched  in  pathways  such  as  carbohydrate  metabolism,  cofactor
and  vitamin  metabolism,  amino  acid  metabolism,  and  terpenoid
and  polyketide  metabolism.  These  metabolic  pathways  not  only
facilitate host digestion and nutrient absorption but also contribute
to  the  supplementation  of  vitamins  and  amino  acids,  maintaining
the  host's  health  equilibrium.  Furthermore,  heightened  lipid  meta-
bolism significantly  enhances the functions of  the immune system,
endocrine  system,  and  digestive  system,  aiding  in  regulating  the
host's lipid metabolism, immune response, and digestive functions.

Through  untargeted  metabolomics  analysis,  this  study  detected
the  functional  components  in  Kombucha.  Organic  acids  produced
during Kombucha fermentation include not only acetic acid but also
lactic  acid,  citric  acid,  gluconic  acid,  and  their  esters,  among
others[20].  Some  of  these  organic  acids  have  shown  efficacy  in
protecting  the  intestines[32] and  exhibiting in  vitro antimicrobial
activity[33].  Polyphenols,  abundant  antioxidants  in  diets,  play  a
crucial role in preventing various diseases associated with oxidative

stress,  such as cancer,  cardiovascular diseases,  and neurodegenera-
tive diseases[34].  Alkaloids in Kombucha primarily originate from tea
leaves,  predominantly  caffeine,  which  has  energizing  effects[35,36].
Amino acids,  produced through tea leaves and yeast  fermentation,
possess  diverse  physiological  activities  such  as  neuroprotection[37],
blood pressure reduction[38], and immune system enhancement[39].

The  KEGG  enrichment  analysis  results  indicate  that  the  main
enriched pathways in K-BT include ubiquinone and other terpenoid-
quinone biosynthesis, riboflavin metabolism, and amino acid meta-
bolism. Enriched metabolites primarily  consist  of  amino acids,  pep-
tides,  benzoic  acids  and derivatives,  pyrimidines,  purines,  and their
derivatives. Typically, various amino acids such as phenylalanine are
key  compounds  involved  in  ubiquinone  and  other  terpenoid-
quinone biosynthesis pathways. Furthermore, the precursor GTP for
riboflavin  biosynthesis  is  provided by  the  purine  metabolism path-
way,  suggesting  that  amino  acids,  pyrimidines,  and  purines  are
crucial active components in K-BT.

Network pharmacology results indicate that black tea Kombucha
(K-BT)  may contain more active components  that  protect  intestinal
homeostasis, warranting further investigation. These findings reveal
that the selection of different tea raw materials significantly impacts
the compound composition and functionality of Kombucha. Tea, as
the  fermentation  substrate  for  Kombucha,  not  only  enhances  sen-
sory  qualities  but  also  introduces  a  variety  of  beneficial  health-
promoting  compounds.  Black  tea  Kombucha  is  rich  in  active  sub-
stances and prebiotic  components,  enhancing its  flavor profile  and
providing scientific support for its use as a health beverage. 

Summary and outlook

This  study  systematically  explores  the  influence  of  different  tea
bases on the flavor,  metabolic composition,  and microbial  distribu-
tion  of  Kombucha.  The  results  demonstrate  that  the  choice  of  tea
base largely determines the final quality and characteristics of Kom-
bucha. This provides valuable insights for further optimizing Kombu-
cha  fermentation  techniques  and  selecting  suitable  tea  bases  for
producing  fermented  beverages  or  efficiently  producing  bacterial
cellulose. However, there are still gaps in understanding the detailed
mechanisms  of  substance  transformation  during  fermentation  in
this study. Future research should focus on investigating the effects
of different tea leaf materials on Kombucha fermentation broth and
bacterial  cellulose  membrane  production,  offering  new  perspec-
tives for promoting the high-value utilization of tea resources. 

Author contributions

The authors confirm contribution to the paper as follows: concep-
tualization,  investigation,  writing-original  draft  preparation:  Yuan J,
Nie  Q,  Pan  W;  resources,  funding  acquisition,  supervision,  writing–
review: Liu Z, Wu J, Liu Z, Cai S. All authors reviewed the results and
approved the final version of the manuscript. 

Data availability

All  data  generated  or  analyzed  during  this  study  are  included  in
this published article and its supplementary information files.

Acknowledgments

Guangxi  Tea  Research  Station  (TS202106),  the  authors  extend
their  heartfelt  gratitude for  the financial  support  from the National
Key R&D Program of China (2018YFC1604405), the National Natural
Science Foundation of China (31471590, 31100501), and the Natural
Science Foundation of Hunan Province, China (2019jj50237).

 
Comparison of green tea and black tea Kombucha

Page 8 of 10   Yuan et al. Beverage Plant Research 2025, 5: e011



Conflict of interest

The authors declare that they have no conflict of interest.

Supplementary  information accompanies  this  paper  at
(https://www.maxapress.com/article/doi/10.48130/bpr-0025-0001)

Dates

Received 17 November 2024; Revised 1 January 2025; Accepted 8
January 2025; Published online 15 April 2025

References 

 Marsh AJ, O'Sullivan O, Hill C, Ross RP, Cotter PD. 2014. Sequence-based
analysis of the bacterial and fungal compositions of multiple kombucha
(tea fungus) samples. Food Microbiology 38:171−78

1.

 de Melo LM,  Soares  MG,  Bevilaqua GC,  Schmidt  VCR,  de Lima M. 2024.
Historical overview and current perspectives on kombucha and SCOBY:
a literature review and bibliometrics. Food Bioscience 59:104081

2.

 Blanc PJ. 1996. Characterization of the tea fungus metabolites. Biotech-
nology Letters 18:139−42

3.

 Bhattacharya  S,  Gachhui  R,  Sil  PC. 2013. Effect  of  Kombucha,  a
fermented  black  tea  in  attenuating  oxidative  stress  mediated  tissue
damage in alloxan induced diabetic rats. Food and Chemical Toxicology
60:328−40

4.

 Gamboa-Gómez  CI,  González-Laredo  RF,  Gallegos-Infante  JA,  del  Mar
Larrosa  Pérez  M,  Moreno-Jiménez  MR,  et  al. 2016. Antioxidant  and
angiotensin-converting enzyme inhibitory activity of Eucalyptus camald-
ulensis and Litsea  glaucescens infusions  fermented  with  kombucha
consortium. Food Technology and Biotechnology 54:367−74

5.

 Murugesan  GS,  Sathishkumar  M,  Jayabalan  R,  Binupriya  AR,  Swami-
nathan  K,  et  al. 2009. Hepatoprotective  and  curative  properties  of
Kombucha tea against carbon tetrachloride-induced toxicity. Journal of
Microbiology and Biotechnology 19:397−402

6.

 de  Campos  Costa  MA,  de  Souza  Vilela  DL,  Fraiz  GM,  Lopes  IL,  Coelho
AIM,  et  al. 2023. Effect  of  kombucha intake on the gut  microbiota  and
obesity-related  comorbidities:  a  systematic  review. Critical  Reviews  in
Food Science and Nutrition 63:3851−66

7.

 Zheng Y, Liu Y, Han S, He Y, Liu R, et al. 2024. Comprehensive evaluation
of  quality  and  bioactivity  of  kombucha  from  six  major  tea  types  in
China. International Journal of Gastronomy and Food Science 36:100910

8.

 Zou  C,  Li  RY,  Chen  JX,  Wang  F,  Gao  Y,  et  al. 2021. Zijuan tea- based
kombucha:  physicochemical,  sensorial,  and  antioxidant  profile. Food
Chemistry 363:130322

9.

 Jakubczyk  K,  Kałduńska  J,  Kochman  J,  Janda  K. 2020. Chemical  profile
and antioxidant activity of the kombucha beverage derived from white,
green, black and red tea. Antioxidants 9:447

10.

 Gramza-Michałowska  A,  Kulczyński  B,  Yuan  X,  Gumienna  M. 2016.
Research on the effect of culture time on the kombucha tea beverage's
antiradical  capacity  and  sensory  value. Acta  Scientiarum  Polonorum
Technologia Alimentaria 15:447−57

11.

 Cardoso RR, Neto RO, dos Santos D'Almeida CT, do Nascimento TP, Pres-
sete CG, et al. 2020. Kombuchas from green and black teas have differ-
ent phenolic profile, which impacts their antioxidant capacities, antibac-
terial  and  antiproliferative  activities. Food  Research  International
128:108782

12.

 Sievers M, Lanini C, Weber A, Schuler-Schmid U, Teuber M. 1995. Micro-
biology  and  fermentation  balance  in  a  kombucha  beverage  obtained
from  a  tea  fungus  fermentation. Systematic  and  Applied  Microbiology
18:590−94

13.

 Liu CH, Hsu WH, Lee FL, Liao CC. 1996. The isolation and identification of
microbes  from  a  fermented  tea  beverage,  Haipao,  and  their  interac-
tions during Haipao fermentation. Food Microbiology 13:407−15

14.

 Jayabalan  R,  Malbaša  RV,  Lončar  ES,  Vitas  JS,  Sathishkumar  M. 2014. A
review  on  kombucha  tea—microbiology,  composition,  fermentation,

15.

beneficial  effects,  toxicity,  and  tea  fungus. Comprehensive  Reviews  in
Food Science and Food Safety 13:538−50
 Chakravorty  S,  Bhattacharya  S,  Chatzinotas  A,  Chakraborty  W,
Bhattacharya D, et al. 2016. Kombucha tea fermentation: microbial and
biochemical  dynamics. International  Journal  of  Food  Microbiology
220:63−72

16.

 Teoh  AL,  Heard  G,  Cox  J. 2004. Yeast  ecology  of  Kombucha  fermenta-
tion. International Journal of Food Microbiology 95:119−26

17.

 Qiu W. 2019. Research advances on microbial diversity and its analytical
methods  of  kombucha. Science  and  Technology  of  Food  Industry
40:311−17

18.

 Villarreal-Soto SA, Beaufort S, Bouajila J, Souchard JP, Taillandier P. 2018.
Understanding  kombucha  tea  fermentation:  a  review. Journal  of  Food
Science 83:580−88

19.

 Jayabalan R, Marimuthu S, Swaminathan K. 2007. Changes in content of
organic acids and tea polyphenols during kombucha tea fermentation.
Food Chemistry 102:392−98

20.

 Kallel  L,  Desseaux  V,  Hamdi  M,  Stocker  P,  Ajandouz  EH. 2012. Insights
into  the  fermentation  biochemistry  of  Kombucha  teas  and  potential
impacts of Kombucha drinking on starch digestion. Food Research Inter-
national 49:226−32

21.

 Dartora  B,  Hickert  LR,  Fabricio  MF,  Ayub  MAZ,  Furlan  JM,  et  al. 2023.
Understanding  the  effect  of  fermentation  time  on  physicochemical
characteristics, sensory attributes, and volatile compounds in green tea
kombucha. Food Research International 174:113569

22.

 Kanehisa  M,  Furumichi  M,  Sato  Y,  Matsuura  Y,  Ishiguro-Watanabe  M.
2025. KEGG:  biological  systems  database  as  a  model  of  the  real  world.
Nucleic Acids Research 53:D672−D677

23.

 Fabricio MF, Mann MB, Kothe CI,  Frazzon J,  Tischer B, et al. 2022. Effect
of freeze-dried kombucha culture on microbial composition and assess-
ment  of  metabolic  dynamics  during  fermentation. Food  Microbiology
101:103889

24.

 Yamada  Y,  Yukphan  P,  Vu  HTL,  Muramatsu  Y,  Ochaikul  D,  et  al. 2012.
Subdivision  of  the  genus Gluconacetobacter Yamada,  Hoshino  and
Ishikawa  1998:  the  proposal  of Komagatabacter gen.  nov.,  for  strains
accommodated  to  the Gluconacetobacter  xylinus group  in  the α-
Proteobacteria. Annals of Microbiology 62:849−59

25.

 Yamada Y, Yukphan P, Lan Vu HTL, Muramatsu Y, Ochaikul D, et al. 2012.
Description  of Komagataeibacter gen.  nov.,  with  proposals  of  new
combinations  (Acetobacteraceae). The  Journal  of  General  and  Applied
Microbiology 58:397−404

26.

 Song  Z,  Hu  Y,  Chen  X,  Li  G,  Zhong  Q,  et  al. 2021. Correlation  between
bacterial  community  succession  and  propionic  acid  during  gray  sufu
fermentation. Food Chemistry 353:129447

27.

 Gopal J, Muthu M, Paul D, Kim DH, Chun S. 2016. Bactericidal activity of
green  tea  extracts:  the  importance  of  catechin  containing  nano  parti-
cles. Scientific Reports 6:19710

28.

 Kaashyap M, Cohen M, Mantri N. 2021. Microbial diversity and character-
istics  of  kombucha  as  revealed  by  metagenomic  and  physicochemical
analysis. Nutrients 13:4446

29.

 Wang J, Chio C, Chen X, Su E, Cao F, et al. 2019. Efficient saccharification
of Agave biomass  using Aspergillus  niger produced  low-cost  enzyme
cocktail  with  hyperactive  pectinase  activity. Bioresource  Technology
272:26−33

30.

 Narra M,  Rudakiya DM, Macwan K,  Patel  N. 2020. Black liquor:  a  poten-
tial  moistening  agent  for  production  of  cost-effective  hydrolytic
enzymes  by  a  newly  isolated  cellulo-xylano  fungal  strain Aspergillus
tubingensis and its role in higher saccharification efficiency. Bioresource
Technology 306:123149

31.

 Kumar A, Toghyani M, Kheravii SK, Pineda L, Han Y, et al. 2022. Organic
acid  blends  improve  intestinal  integrity,  modulate  short-chain  fatty
acids  profiles  and  alter  microbiota  of  broilers  under  necrotic  enteritis
challenge. Animal Nutrition 8:82−90

32.

 Greenwalt  CJ,  Steinkraus  KH,  Ledford  RA. 2000. Kombucha,  the
fermented  tea:  microbiology,  composition,  and  claimed  health  effects.
Journal of Food Protection 63:976−81

33.

Comparison of green tea and black tea Kombucha
 

Yuan et al. Beverage Plant Research 2025, 5: e011   Page 9 of 10

https://www.maxapress.com/article/doi/10.48130/bpr-0025-0001
https://www.maxapress.com/article/doi/10.48130/bpr-0025-0001
https://www.maxapress.com/article/doi/10.48130/bpr-0025-0001
https://www.maxapress.com/article/doi/10.48130/bpr-0025-0001
https://www.maxapress.com/article/doi/10.48130/bpr-0025-0001
https://doi.org/10.1016/j.fm.2013.09.003
https://doi.org/10.1016/j.fbio.2024.104081
https://doi.org/10.1007/BF00128667
https://doi.org/10.1007/BF00128667
https://doi.org/10.1016/j.fct.2013.07.051
https://doi.org/10.17113/ftb.54.03.16.4622
https://doi.org/10.1080/10408398.2021.1995321
https://doi.org/10.1080/10408398.2021.1995321
https://doi.org/10.1016/j.ijgfs.2024.100910
https://doi.org/10.1016/j.foodchem.2021.130322
https://doi.org/10.1016/j.foodchem.2021.130322
https://doi.org/10.3390/antiox9050447
https://doi.org/10.17306/J.AFS.2016.4.43
https://doi.org/10.17306/J.AFS.2016.4.43
https://doi.org/10.1016/j.foodres.2019.108782
https://doi.org/10.1016/S0723-2020(11)80420-0
https://doi.org/10.1006/fmic.1996.0047
https://doi.org/10.1111/1541-4337.12073
https://doi.org/10.1111/1541-4337.12073
https://doi.org/10.1016/j.ijfoodmicro.2015.12.015
https://doi.org/10.1016/j.ijfoodmicro.2003.12.020
https://doi.org/10.13386/j.issn1002-0306.2019.24.052
https://doi.org/10.1111/1750-3841.14068
https://doi.org/10.1111/1750-3841.14068
https://doi.org/10.1016/j.foodchem.2006.05.032
https://doi.org/10.1016/j.foodres.2012.08.018
https://doi.org/10.1016/j.foodres.2012.08.018
https://doi.org/10.1016/j.foodres.2012.08.018
https://doi.org/10.1016/j.foodres.2023.113569
https://doi.org/10.1093/nar/gkae909
https://doi.org/10.1016/j.fm.2021.103889
https://doi.org/10.1007/s13213-011-0288-4
https://doi.org/10.2323/jgam.58.397
https://doi.org/10.2323/jgam.58.397
https://doi.org/10.1016/j.foodchem.2021.129447
https://doi.org/10.1038/srep19710
https://doi.org/10.3390/nu13124446
https://doi.org/10.1016/j.biortech.2018.09.069
https://doi.org/10.1016/j.biortech.2020.123149
https://doi.org/10.1016/j.biortech.2020.123149
https://doi.org/10.1016/j.aninu.2021.04.003
https://doi.org/10.4315/0362-028X-63.7.976


 Claudine M, Augustin S, Christine M, Christian R, Liliana J. 2004. Polyphe-

nols:  food  sources  and  bioavailability. The  American  Journal  of  Clinical
Nutrition 79:727−47

34.

 Smith A. 2002. Effects of caffeine on human behavior. Food and Chemi-
cal Toxicology 40:1243−55

35.

 Brunyé TT, Mahoney CR, Lieberman HR, Taylor HA. 2010. Caffeine modu-

lates attention network function. Brain and Cognition 72:181−88

36.

 De Felice M, Renard J, Hudson R, Szkudlarek HJ, Pereira BJ, et al. 2021. L-

theanine  prevents  long-term  affective  and  cognitive  side  effects  of

adolescent Δ-9-tetrahydrocannabinol  exposure  and  blocks  associated

molecular  and  neuronal  abnormalities  in  the  mesocorticolimbic

circuitry. Journal of Neuroscience 41:739−50

37.

 Yoto A, Motoki M, Murao S, Yokogoshi H. 2012. Effects of L-theanine or
caffeine  intake  on  changes  in  blood  pressure  under  physical  and
psychological stresses. Journal of Physiological Anthropology 31:28

38.

 Liu  A,  Lin  L,  Xu  W,  Gong  Z,  Liu  Z,  et  al. 2021. L-Theanine  regulates
glutamine  metabolism  and  immune  function  by  binding  to  cannabi-
noid receptor 1. Food & Function 12:5755−69

39.

Copyright:  ©  2025  by  the  author(s).  Published  by
Maximum Academic Press, Fayetteville, GA. This article

is  an  open  access  article  distributed  under  Creative  Commons
Attribution  License  (CC  BY  4.0),  visit https://creativecommons.org/
licenses/by/4.0/.

 
Comparison of green tea and black tea Kombucha

Page 10 of 10   Yuan et al. Beverage Plant Research 2025, 5: e011

https://doi.org/10.1093/ajcn/79.5.727
https://doi.org/10.1093/ajcn/79.5.727
https://doi.org/10.1016/S0278-6915(02)00096-0
https://doi.org/10.1016/S0278-6915(02)00096-0
https://doi.org/10.1016/S0278-6915(02)00096-0
https://doi.org/10.1016/j.bandc.2009.07.013
https://doi.org/10.1523/JNEUROSCI.1050-20.2020
https://doi.org/10.1186/1880-6805-31-28
https://doi.org/10.1039/d1fo00505g
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Experimental materials and methods
	Materials
	Preparation and sampling of Kombucha
	Sensory evaluation
	Microbial community analysis
	Non-targeted metabolomics analysis
	Correlation analysis between microbes and metabolites
	Network pharmacology analysis

	Results and analysis
	Sensory evaluation of Kombucha
	Microbial composition analysis of Kombucha liquor
	Analysis of bacterial 16S rRNA sequencing in fermentation liquor
	ITS analysis of fungi in Kombucha tea

	Metabolomic analysis of Kombucha fermentation broth
	Network pharmacology analysis of differential metabolites

	Discussion
	Summary and outlook
	Author contributions
	Data availability
	References

