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Abstract 

Fermented foods are produced through a series of processes after introducing 

microorganisms to foods by inoculation of isolated strains, utilization of 

microorganisms in the environment, and inoculation of culture media without isolated 

strains. Understanding the microbial dynamics during the fermentation process is 

considered to be important in terms of optimization of the production process, 

monitoring of unwanted microorganisms, and prevention of their invasion in the 

production of fermented foods. In addition, it is known that fermented foods can serve 

as a model ecosystem that can be easily handled experimentally, and understanding the 

microbial community during fermentation may be important in providing fundamental 

insights into the microbial community. Currently, a tool called Next Generation 

Sequencer (NGS) is widely used to comprehensively analyze DNA in samples without 

relying on culture for the study of microbial community structure, including fermented 

food products. In this study, we investigated the microbial community of fermented 

foods by mainly using NGS-based sequence analysis and examined the microbial 

dynamics during the fermentation process and the details of the microorganisms 

involved in fermentation.  

 Rice vinegar is frequently used in Japanese cooking and is produced through two 

stages of alcoholic and acetic acid fermentation. In the current industrial production of 

vinegar, the submerged fermentation method is used to achieve high acetic acid 

concentration, but the acetic acid bacteria used in this fermentation method are difficult 

to isolate, and culture media are sometimes used as fermentation starters. The sample 

supplier brews rice vinegar by the submerged fermentation method, and in some cases, 

alcohol vinegar made from brewing alcohol is used as a starter. The acetic acid bacteria 

in this rice vinegar fermentation have not been isolated, and the details of the acetic acid 

bacteria are not known. In addition, the types and roles of microorganisms including 



acetic acid bacteria working in the rice vinegar fermentation process are also unknown, 

and their investigation may be useful for the optimization of the fermentation process. 

Here, we investigated the structural changes of the bacterial community during 

submerged fermentation of rice vinegar by 16S rRNA amplicon sequencing. Two types 

of rice vinegar, high acidity rice vinegar, and low acidity rice vinegar were used as 

samples, and differences in acetic acid concentration were also examined. As the 

results, we detected microbial genera other than acetic acid bacteria in the early stage of 

fermentation and also observed a rapid increase in the ratio of acetic acid bacteria of the 

genus Komagataeibacter at the time when the ethanol concentration started to decrease, 

and the maintenance of dominance after the increase in the ratio in both types of 

submerged fermentation rice vinegar, which confirmed the stability of microbial 

composition in the brewing of submerged fermentation rice vinegar. 

 The bacterial community structure at the genus level during fermentation of 

submerged-fermentation rice vinegar was investigated, and it is important to clarify the 

details of the acetic acid bacteria species because they greatly influence the fermentation 

characteristics during vinegar brewing. Acetic acid bacteria have not been isolated from 

inoculated alcohol vinegar, and it is difficult to apply the culture method. Here, we 

performed a metagenomic analysis of the inoculated alcohol vinegar samples. The 

results suggest that the microbial community of the alcohol vinegar samples is 

composed of almost pure acetic acid bacteria and that the acetic acid bacteria species 

responsible for rice vinegar fermentation is Komagataeibacter europaeus, which is 

common in submerged fermentation vinegar. It is also estimated that this acetic acid 

bacteria is closely related to the strains from European submerged fermentation vinegar 

among the same species, suggesting that bacteria closely related to those from other 

submerged fermentation vinegar play a major role in the submerged fermentation of rice 

vinegar that was investigated. The bacterial community structure at the genus level 



during fermentation of submerged-fermentation rice vinegar was investigated, and it is 

important to clarify the details of the acetic acid bacteria species because they greatly 

influence the fermentation characteristics during vinegar brewing. Acetic acid bacteria 

have not been isolated from inoculated alcohol vinegar, and it is difficult to apply the 

culture method. Here, we performed a metagenomic analysis of the inoculated alcohol 

vinegar samples. The results showed that microbial genera other than acetic acid 

bacteria were detected in the early stage of fermentation, and that the percentage of 

acetic acid bacteria of the genus Komagataeibacter increased rapidly when the ethanol 

concentration began to decrease in both types of submerged fermented rice vinegar. The 

dominance of this genus was maintained until the end of fermentation, confirming the 

stability of the microbial composition in submerged fermentation rice vinegar brewing.  

Ishizuchi-kurocha is a post-fermentation tea produced in Saijo City, Ehime Prefecture, 

and undergoes a two-step fermentation process: a primary fermentation mainly by mold 

and a secondary fermentation mainly by lactic acid bacteria. The basic production 

process of Ishizuchi-kurocha has not changed from the traditional one, but the 

containers used for the secondary fermentation have been changed from wooden barrels 

to polyethylene bags and buckets for the sake of production stability and hygiene. This 

change makes the fermentation conditions more anaerobic, which is expected to 

promote the growth of lactobacilli and inhibit the growth of aerobic microorganisms, 

thereby making lactic acid fermentation more stable. However, the wooden barrel is 

considered to be less anaerobic during fermentation, and if this difference affects the 

microorganisms, there is a possibility that teas with different flavors can be produced. 

The origin of the lactobacilli is unknown since no artificial addition of microorganisms 

is made in the production of Ishizuchi-kurocha. Lactobacilli are especially important for 

the fermentation of Ishizuchi-kurocha, and clarification of their dynamics in the 

fermentation process may lead to improvement of the production method. Here, we 



evaluated the effect of different production conditions, including the production vessel, 

on the microorganisms. From the results, it was confirmed that the microbial 

community during fermentation is affected by the difference in the production container 

used in the secondary fermentation and that the microbial community structure differs 

depending on the fermentation site of the tea leaves. This study may lead to the 

application of the traditional production method of Ishizuchi-kurocha to increase the 

diversity of products and to the stabilization of the production process by improving the 

Ishizuchi-kurocha production process.  

 In this study, the microbial community of fermented foods was investigated by 

methods centered on NGS sequencing. NGS-based analysis enables comprehensive and 

culture-independent evaluation of microbial communities, and when used in 

combination with culture methods, it is considered to be effective in the evaluation of 

microbial communities in fermented foods. In this study, we examined the details of 

major microorganisms in fermented foods such as rice vinegar and Ishizuchi-kurocha. 

We also found differences in the microbial community structure in each food depending 

on the differences in manufacturing methods and other conditions. The evaluation of 

microorganisms in the production of fermented foods is considered to be important in 

terms of optimizing the production process and improving the safety of the products. 
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2.2.1   

.  ( 13 , 

15 . Table 1, 2) , -20℃ . 

,  (Fig. 1, 2). 

 



2.2.2  16SrRNA  

, DNA . 50 ml

 (15000 rpm, 10 ) , Tris-EDTA (TE) Buffer 500 μl

, 250 μl DNA . DNA

EZ-extract for DNA ( , ) , 

. DNA TE Buffer 100 μl , 

DNA -20℃ .  

PCR , 16S rRNA V3-V4 , 5’

Illumina . 

, Illumina

6 Index . , 341F (5'-

CCTACGGGNGGCWGCAG-3') 805R (5'-

GACTACHVGGGTATCTAATCC-3')(Klindworth et al., 2013) . PCR

25 μL , DNA 2.5 μL, 0.3 μM, 

KAPA HiFi HS ReadyMix (KAPA Biosystems, Wilmington, MA, USA) 12.5 μL

. PCR ,  (95℃, 5 ) ,  (98℃, 20 ), 

 (60℃, 15 ),  (72℃, 15 ) 26 ,  

(72℃, 5 ) .  

 

2.2.3   

DNA 16S rRNA PCR NGS

, , Miseq (Illumina, 

) . Nextera XT Index Kit v2



, MiSeq Reagent Kit v3 (600 cycle) , 

600 .  

NGS Illumina , 

Index . , Index

Q score 30 . 

, fastp 0.23.2 (Chen et al., 2018) . 

, 5’ 23 5’ 21

, 3’ 1 , Q score 30

, 8 Q score 30 Sliding window 3’

. 

, QIIME 2 2022.8 (Bolyen et al., 2019)

. DADA2 (Callahan et al., 

2016) (q2-dada2 ) , Amplicon sequence variants (ASVs) . 

ASV , q2-feature-classifier (Bokulich et al., 2018)

classify-sklearn naïve Bayes taxonomy classifier . 

, RESCRIPt (Robeson et al., 2021)  

(Curation) Silva release 138.1 SSU 99% (Quast et al., 2013; Yilmaz et al., 

2014) , V3-V4

qiime feature-classifier fit-classifier-naive-bayes . 

RESCRIPt Curation , 5 8

,  (

 900bp, 1200bp, 1400bp) 

. 

ASVs , ASV . 



Shanon H’ , R

Vegan 2.6-4(Oksanen et al., 2022) . 

 

  

2.3.1  

16SrRNAV3-V4 QIIME2

, 

 (Fig. 3).  

, Sphingomonas

. Komagataeibacter 1 ( 1.0 ) 

4 ( 92.3 ) 0 ~ 0.3% , 5 (

205.7 ) 93.1% , . 

Komagataeibacter , Acetobacterales , 8 Granulibacter

. 

Sphingomonas , 5 10% , 10, 11

( 10 : 33.0%, 11 : 21.8%) . 

 

2.3.2  

, 1~3

Pseudomonas , Staphylococcus , Gardnerella , Lactobacillus

. Komagataeibacter 1 ( 1.0 ) 3 

( 51.1 )  ( 1 : 2.5%, 2 : 4.4%, 3 : 

1.3%) , 4 ( 67.7 ) 85.0%



. 86.9%~96.2%

, . , 

Komagataeibacter Acetobacterales

.  ( 1 17.1%, 2 19.2%, 

3 32.4%) Pseudomonas , 4 0 ~ 5.4%

.  

Shanon H’

, , 

 (Fig. 4). 

 

  

16SrRNA

, , , 

, Sphingomonas

. , , 

Komagataeibacter , 5

.  

, , 

. 

, 

, 

. 50~70

, Komagataeibacter

, 4 85% . 



, 

,  

(Fig. 4) . , 

Sphingomonas , 

Komagataeibacter , 

.  

, , 

Komagataeibacter . 

, , 

, 

, . 

, , 

, , 

, 

. 

, , , 

, , K. 

europaeus (Trcek et al., 2006). 

, Sphingomonas , 

, 

. 10

, , 

, 

. 10 Sphingomonas

, . 



(Milanović et al., 2018; 

Román-Camacho, García-García, et al., 2022), 

. Sphingomonas

, 

, , , 

, . 

 

  

  

, 

. , 

16S rRNA

, . 

(Gullo et al., 2014), 

, . 

, 

, 

. , , 

, .  

, , 

, 

, .  

 



  

3.2.1  

, 

, 

. DNA -20℃ . 

3.2.2 DNA  

, DNA . 

100 ml  (15000 rpm, 10 ) , . TE Buffer 

500 μl , 500 μl DNA . Extrap soil DNA 

kit plus Ver.2 ( , ) , 

. DNA TE Buffer 100 μl , 

DNA -20℃ . 

DNA NGS , 

, . DNA , Nextera 

DNA Flex Library Prep Kit , MiSeq Reagent Kit v3 

(600 cycle) Miseq . , Miseq

, R9.4.1 MinION (Oxford Nanopore 

Technologies, ) . MinION

, SQK-RBK004 Rapid Barcoding Kit (Oxford Nanopore 

Technologies, ) . 

 



3.2.3  

, DNA Illumina

, Q score 30 , 20

, 3’ 1 fastp 0.23.2

. Minion , 5' 50bp 30bp

, Nanofilt 2.8.0 (De Coster et al., 2018) .  

Illumina , MetaPhilan 4.0.6 (Blanco-Míguez et 

al., 2023) , . 

,  unclassified_estimation 

, .  

Illumina, Minion , SPAdes 3.13.0 

(Bankevich et al., 2012) , Nanopore metaSPAdes

. Scaffolds , Maxbin2 2.2.6 

(Wu et al., 2016) . , 

Scaffolds

, 1 1 . , 

GTDB-TK 2.3.0 (Chaumeil et al., 2020) classify_wf

, CheckM 2 1.0.8 (Chklovski et al., 2023) . 

GTDB-TK , Release 214 . 

1  (MAG) , 

NCBI 8 K. europaeus

(Andrés-Barrao et al., 2011; Valera et al., 2015) , 

 ( ) . , , DFAST 

1.2.20 (TANIZAWA et al., 2016) . 



, Roary 3.13.0 (Page et al., 2015) , 

MAFFT 7.520 . 

, IQ-TREE 2.2.2.7 (Minh et al., 2020) 

. ModelFinder 

(Kalyaanamoorthy et al., 2017) , GTR+F+R2 . 

, SH-aLRT  (1000 ) Ultrafast 

Bootstrap 31)(1000 ) . 

roary_plots.py (https://github.com/sanger-

pathogens/Roary/blob/master/contrib/roary_plots/roary_plots.py, Marco Galardini) 

. , DFAST

, egg-NOG-Mapper v2.1.12 (Cantalapiedra et al., 2021) 

Clusters of Orthologous Groups (COGs) 

,  (Fig. 6). 

, egg-NOG 5 (Huerta-Cepas et al., 2019) , 

. , MAG , 

. GhostKOALA Version 2.0 (Kanehisa et al., 2016) 

KEGG Ortholog , 

KEGG-Decoder V.1.3 (Graham et al., 2018) 

 (Fig. 7). COGs

, R 4.2.2 (R_Core_Team, 2016) 

pheatmap 1.0.12 (https://github.com/raivokolde/pheatmap) .  

 



  

3.3.1  

, DNA , 

. Illumine Miseq , Metaphlan 4

, 63.6% Komagataeibacter europaeus

, 36.4%  (Table 3). 

 

3.3.2  

Miseq Minion

, . , 

 (Scaffolds) Maxbin2

, 2 . 

CheckM2 , 1

Completeness  6.41%, 

Contamination 0.27% . 2 , Completeness 99.93%, 

Contamination 1.73%  (Table 4). , GTDB-TK

, 2 Komagataeibacter europaeus , 

1  (Table 5). 

 



3.3.3 K. europaeus

 

MAG NCBI K. europaeus  (Table 6) 

, . , 9

2046 . 1 3860

, 2~8 2581 . 

, 

MAG , K. europaeus 5P3  (Fig. 5). 

MAG , COGs

KEGG . COGs

Figure 6 , . 

KEGG , MAG

, Cytochrome bd complex , Cytochrome c oxidase cbb3 type

 (Fig. 7). 

 

  

, 

, Unclassified Komagataeibacter europaeus

, 

, K. europaeus . , 

, 

K. europaeus , 

, 



. 

Sphingomonas , 

, , 

. K. europaeus , 10~20%

, 

 (Román-Camacho, Mauricio, et al., 2022; Sievers et al., 1992). 

, K. europaeus

.  

, MAG NCBI

K. europaeus , 

, MAG K. europaeus 5P3 , 

Type strain LMG18890 . 2

, MAG

, . , 5P3

LMG18890 , MAG

. , 

, . , 

K. europaeus , 

.  

, COGs , 

MAG . COGs

, MAG . KEGG

, Cytochrome bd complex , Cytochrome c 

oxidase cbb3 type , MAG



. bd

, . , , 

, , , 

, 

(Borisov et al., 2021). 

, K. europaeus Gluconobacter oxydans

, bd

 (Richhardt et al., 

2013). , MAG cbb3

, , 

. 

, . , 

MAG , 

. 

, , 

. 

, 

. , 

. , 

. , 

, 

 

 



  

  

, . , 

, 

, 

. 

, 2023 3 , 

. , , 

. , 

, , , 

. 

, . , 

, , 

.  

. , 

, , , 

, . 

, , 

, 

. , , 

, . 

, . 

,  ( Lactiplantibacillus plantarum

Levilactobacillus brevis 2 ) (Horie et 



al., 2019) . , 

, , 

. , (Horie 

et al., 2020), . 

, 

, . , 

, . 

, , 

, . 

, 

. , , 

Aspergillus , (Yamamoto et al., 2019) . 

, 

, . 

, , 

, 

.  

, , 

. , , 

. L. plantarum L. brevis

, , 

(Horie et al., 2019) . L. plantarum L. 

brevis , . 

, , 

, Aspergillus



. , 

, 

. , 

. , 

, , 

, . , 

, , 

.  

, , 

, , 

.  

 

  

4.2.1  

, 2021

2021 6 24  (Fig .8). 

 (2021 Lot # ) . 2021 Lot # , 

 ( 1 45 ) 

, , . 

, 8

, , . , 6 24 29

. , 

. 2cm , 



20 30g

. , 

. 775mm×775mm

, , 

, . 

,  ( ) . 

, , , 

, ,  ( ) . 

, 7 20 21 . 

.  

, , 2021

Lot # ~ , 6 . , 

 (Fig. 9). , Lot #2, 5

 ( ) . , 

, Lot #1  (

), Lot #2 , Lot #5

. , 

. 

, Figure 9 . , , , 

, , , 

Lot #1 Lot #5 .  

 



4.2.2  

, 

. , 10 l

10 , . 

, MRS  ( ) ,  (

) 37℃, . 

(  et al., 2020;  et al., 1994), 

, Luria-Bertani (LB)  ( 1 l

 ( ) 10 g,  ( ) 5 g, NaCl ( ) 10 g, 

 ( ) 15 g) , 37℃ 2 . 

,  (PDA, ) , 25℃

7 . , .  

, 

. , MRS 10 ml MRS

, 37℃ . PDA 10 ml

YPD , 30℃ , . 1 ml 10, 000 

rpm, 10 , , 180 μl TE , Bioruptor 

( ) , 10 , 5 5 . 

protease K 25 μl , DNeasy Blood & Tissue kit ( ) 

, DNA . . DNA

, Takara Ex Taq ( ) , 16S rRNA  (

) 28S rRNA  ( ) 

PCR  (PCR : 95℃ 3 → 95℃ 30 , 55℃ 55 , 72℃ 

1 40 → 72℃ 10 ). PCR



. 27 F : 5’-AGAGTTTGATCCTGGCTCAG-3 (LANE, 1991) 

1492R: 5’-GGTTACCTTGTTACGACTT-3’ (Youssef et al., 2009).  : 

LR0R 5’-ACCCGCTGAACTTAAGC-3’  

LR7 : 5’-TACTACCACCAAGATCT-3’  . PCR 

NucleoSpin Gel and PCR Clean-upkit ( ) 

, 16S 28S RNA , 

 ( ) . , 

.  : LAB-seqF 5’-TCCTGGCTCAGGACGAACGCT-3’. 

 : LR0R . , NCBI Standard Nucleotide 

BLAST (blastn, https://blast. ncbi. nlm. nih. gov/Blast. cgi) (M. Johnson et al., 2008) 

, .  

, , PDA  (35℃) 

, , 

0.1 . 

, , 350 

μl LETS  (20 mM EDTA (pH 8.0), 0.5% SDS, 10 mM Tris-HCl (pH 8.0), 

0.1 M LiCl) , / /  

(25 : 24 : 1) , . , 

DNA . DNA , 

PCR . PCR EmeraldAmp PCR Master Mix(

) , ITS ITS5 (5’-

GGAAGTAAAAGTCGTAACAAGG-3’) ITS4 (5’-

TCCTCCGCTTATTGATATGC-3’) (WHITE, 1990) . 

, AnigCMF (5’-

CCCCACTTTGCGGGGCAGAT-3’) AnigCMR (5’-



TCACCGTCCTGGTCCGCCTC-3’)(Toyotome et al., 2020) . 

DNA , NCBI Standard Nucleotide BLAST 

(M. Johnson et al., 2008) , .  

 

4.2.3  DNA  

, , 16S rRNA ITS

.  

DNA , ISOSPIN Fecal DNA ( ) , 

. , Micro Smash ( ) . 

16SrRNA 16S rRNA V3-V4 , 

Bakt_341F (S-D-Bact-0341-b-S-17 : 5’-

CCTACGGGNGGCWGCAG-3’) , Bakt_805R (S-D-

Bact-0785-a-A-21 : 5’-GACTACHVGGGTATCTAATCC-3’) (Klindworth et al., 2013) 

Illumina . ITS , 

ITSF (5’-GTGARTCATCGARTCTTTG-3’), 

ITSR (5’-TCCTCCGCTTATTGATATGC-3’)

(Ihrmark et al., 2012). PCR  ( ) 

, Miseq (illumina ) 600

.  

 

4.2.4  

, fastp (Chen et al., 2018) 

. 16SrRNA 5’ 17 , 



5’ 21 , 3’ 1 , 

Q score 30 , 3’ 4 Q score 30

. ITS 5’ 16 , 5’

15 , 

16SrRNA .  

, QIIME 2 2021.4 (Bolyen et al., 2019) 

. 

DADA2 (Callahan et al., 2016) (q2-dada2 ) , Amplicon 

sequence variants (ASVs) . ASVs

, q2-feature-classifier (Bokulich et al., 2018)  classify-sklearn

. , 16SrRNA

Silva release 138.1 SSU 99%, (Quast et al., 2013; 

Yilmaz et al., 2014)  V3-V4 , ITS Unite version 8.3 

dynamic ITS developer (Nilsson et al., 2019) , q2-feature-classifier fit-

classifier-naive-bayes . Silva release138.1

, RESCRIPt (Robeson et al., 2021) 

V3-V4 , qiime feature-classifier fit-

classifier-naive-bayes . RESCRIPt

, 5 8

,  (  

900bp, 1200bp, 1400bp) 

. , ASV , 

ASVs .  

 



4.2.5  

2021 Lot #0 ( ) 2021

Lot #2 , IMF-700G, 

, . 

 ( ) . , 100 

mg/ml , 1 , 0.45 μm . 

RSpak KC-811 (8 mm × 300 mm; ) 2 60℃ . 

4.0 mM HClO4 , 1.0 ml/min . 0.2 mM 

 ( ), 15.0 mM Na2HPO4 ( ) 

, 1.5 ml/min . 445 nm . 

LA8080, . 

, 5% w/w 10 mg/ml , 

1 , 4℃, 10, 000×g, 20 , 0.45 μm

. , 

 ( ) . , 5 mg/ml

, 40

, 0.45 μm . CAPCELL 

PAK C18 UG120 (S3) (4.6 mm × 100 mm; ) 40℃ . , 

0.5% (v/v) /  ( ) = 82/18, 

0.8 ml/min . , 280 nm .  

 



  

4.3.1  

, MRS

, PDA , 

LB 1 g ( ) 

 (Table 7).  (2021 Lot #0) , , 

MRS , 4.2×103 CFU/g , 

, 

. , 

, . , 

2.6×107 CFU/g,  1.3×107 CFU/g . , 

9.0×108 CFU/g,  1.4×107 CFU/g , . 

, . 2021

Lot # , Lot #0 MRS

, 1.0×105 CFU/g,  9.3×107 CFU/g , 

. MRS Lot #2

4.0×108 CFU/g , Lot #0 .  

2021 Lot #0 PDA , 1.9×107

CFU/g , . 7.4×108

CFU/g, 3.3×106 CFU/g , . 

, . , 

4.1×104, 2.7×105, 4.4×104 CFU/g, 

3.7×105 CFU/g . 1.3×104 CFU/g, 

5.3×104 CFU/g,  , 1.0×104 CFU/g



. 

, . 

, 

, . 2021 Lot 

#2 , 2.3×1011 CFU/g, 

8.0×108 CFU/g , 7.3×1010 CFU/g, 

. Lot #2 , 

4.0×105 CFU/g .  

LB Lot #0 , 

, 2

. Lot #2

1 , 2

.  

 

4.3.2  

MRS , , 

, 16S, 28S rRNA

 (Table 8). 2021 Lot #0 , MRS

, , , 

. , L. 

plantarum , L. plantarum L. brevis . 

, 2021 Lot # MRS

, Lot # , Leuconostoc mesenteroides

, L. plantarum . Lot # , Lot 



#0 L. plantarum L. brevis . Lot #

, MRS , L. plantarum

L. brevis , Weissella paramesenteroides . 

, Lot #0 , Lot #2 L. plantarum L. brevis

.  

PDA , Lot #

. , 

A. niger A. luchuensis , A. neoniger

. , , A. luchuensis

. , W. anomalus . 

, , PDA

, P. manshurica . Lot #0 , 

W. anomalus, P. manshurica , 

. Lot # PDA

, . Lot #

A. niger , A. luchuensis , 

P. kudriavzevii P. manshurica . Lot #5

A. niger, A. luchuensis  A. neoniger . 

, A. niger, A. luchuensis  A. neoniger , 

.  

 

4.3.3  

Illumina Miseq 16S rRNA V3-V4 ITS

, Lot #0, 1, 2, 5



 (Fig. 10, 11). , Lot #0 , , 

Klebsiera , Bacillus, Pantoea

. , , 

 (0.36%) Lactiplantibacillus . , 

Lactiplantibacillus , 

. Levilactobacillus , 

. ,  

Dysgonomonas Sphingobacterium . 

, Klebsiella , Pseudomonus

. Lot #5 , Lot #0  

Klebsiera, Bacillus Pantoea , Lactiplantibacillus

. Lot #5 Lactiplantibacillus

, Levilactobacillus .  

, Lot #0 , , 

Aspergillus . Aspergillus  

Wickerhamomyces , . , 

Pichia . Lot #5 , Lot #0

Aspergillus , Lot #0

Aspergillus  Wickerhamomyces Pichia

.  

 



4.3.4  

2021 Lot #0 Lot #2 , , 

, (Table 9, 

10, 11).  

, Lot #0

 (Table 9). Lot #2 , Lot #0 , 

.  

, Lot #0

 (Table 10). , Lot #2 , Lot #0 , , 

.  

, Lot #0

 (Table 11). Lot #2 , γ , 

Lot #0 2 , Lot #0 .  

 

  

, , 

, , 

, , 

. , 

, , 

.  

,  (2021 Lot 

#0)  (2021 Lot #2, 5) 

, Lactiplantibacillus , 



, 

. Lactiplantibacillus , Lot #0

, 

. , , 

Lactiplantibacillus

. L. brevis , Lot #0 Lot #2, 5 , 

Lot #0 . 

Lot #0 Lot # 5

Levilactobacillus , , L. brevis

, (Horie et 

al., 2019) .  

2021 Lot # , 

, L. plantarum L. brevis , 

. , Lot # , 

. , Lot # 0

Lactiplantibacillus  ( : 0%, : 0.4%) 

, Lot #1 ( : 0.1%, : 7.0%), Lot #5

 (15.6%) . 

, , 

, 

. , 

Lactiplantibacillus , 

. , 

, Lot # 2021

. , 



, , 

, . , 

, 

.  

, Aspergillus

, , 

. Lot #0

, W. anomalus , 

P. manshurica . Lot # , PDA

, , 

. 

Aspergillus

(Yamamoto et al., 2019) . , 

Aspergillus , . , 

Lot #0 ,  Wickerhamomyces , 

Pichia , . , 

Aspergillus , 

. , Aspergillus

, 

. Lot #

Aspergillus , 

. , 

Aspergillus , 

.  



, Aspergillus , 

(Toyotome et al., 2019). Lot #0

Wickerhamomyces anomalus , 

, . , 

, 

(Padilla et al., 2018) . 

(Walker, 2011), 

. , Lot #0 Lot #2

Pichia manshurica , (Toyotome et al., 

2019) , , , , 

(Zhang 

et al., 2017). 

, , 

. , Lot #0 , 

, , 

, .  

, Lot #0 , 

, . , 

. 

, Lot #0 Lot #2

. Lot #2 γ , , 

. , Lot #0 2  (Lot #0: 22 days, 

Lot #2: 18 days) , , 

.  



, 

. , 

, 

, , 

. 

, , . 

, 

, , 

, . 

Aspergillus , 

, , 

. , , 

. Lot #0

, . 

, , 

, 

, . 

, , 

, 

, .  

 

  

, 16S rRNA , 

. 2



, 

Komagataeibacter , 

. , 

. 

, 

. 

3 , , 

, . , 

, 

, , Komagataeibacter europaeus

. , , , 

. 

, , 

.  

4 , , 

16S rRNA, ITS

. , 
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. , 

, .  

, , 
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, , 
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Table 1. Sampling conditions for high acidity rice vinegar samples 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Sampling conditions for low acidity rice vinegar samples 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Classification assignment results to metagenomic reads derived from 

inoculated source alcohol vinegars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Evaluation of metagenomic bins by CheckM2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 5. Results of classification assignment to metagenomic bins by GTDB-TK 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 6. Geographic, Biological Origins and data sources of K. europaeus genomes 

used for pan genome analysis. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 7. Results of microbial counting using culture method from Ishizuchi-kurocha 

samples manufactured in 2021. 

 

n.d.: No colonies detected. n.t.: Not tested. Lot #2 does not undergo secondary 

fermentation in wooden barrels. 

In PDA after primary fermentation of Lot #0, colony morphology was not counted 

separately, but many mold-like colonies were observed, and a few yeast-like colonies 

were also observed. 

 

 

 

 

 

 

 

 

 

After Wash After steaming Outside Inside Outside Inside Outside Inside

MRS 4.2×103 n.d. n.d. n.d. 2.6×107 1.3×107 9.0×108 1.4×107

Yeast like 1.9×107 4.1×104 2.7×105 4.4×104 3.7×105

Mold like n.d. 1.3×104 5.3×104 n.d. 1.0×104

Large 4.8×105 3.1×106 1.5×105 4.2×105 3.2×104

Small n.d. 2.0×107 4.2×106 n.d. 4.3×106

Mold like n.d. 8.4×108 1.2×106 n.d. n.d. n.d. n.d.

MRS 1.0×105 9.3×107

Yeast like 2.3×1011 8.0×108

Mold like 7.3×1010 n.d.

Large

Small 

Mold like 7.3×109 n.d.

8.9×109 3.8×105

n.d.

2.5×108

4.7×108

Lot #0

PDA
4.0×105

n.d.

LB
4.0×1010

Lot #2 n.t. n.t. n.t. n.t.

LB n.d.
n.d. n.d.

PDA n.d. 7.4×108 3.3×106

Production lot
Isolation
medium

Colony
morphology

Before fenentation
After primary fermentation After secondary fermentation

Wood box Wooden barrel Plastic bucket



Table 8. Lactic acid bacteria, yeast, and mold in Ishizuchi-kurocha manufactured in 

2021 identified by culture method. 

n.d.: No colonies detected. n.t.: Not tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lactic acid bacteria Mold Yeast

Lot #0 After primary fermentation Outside A. luchuensis, A. niger
After primary fermentation Inside A. neoniger
After secondary fermentation Wooden barrels Outside L. plantarum A. luchuensis, P. citrinum W.anomalus
After secondary fermentation Wooden barrels Inside L. plantarum A. luchuensis W.anomalus
After secondary fermentation Plastic buckets Outside L. plantarum, L. brevis P.manshurica
After secondary fermentation Plastic buckets Inside L. plantarum P.manshurica

Lot #2 After primary fermentation Outside L. mesenteroides A. luchuensis, A. niger
After primary fermentation Inside L. plantarum A. luchuensis P.manshurica
After secondary fermentation Plastic buckets Mixed L. plantarum, L. brevis P.manshurica, P.kudriavzevii

Lot #5 L. plantarum, L. brevis, A. luchuensis, A. niger,
W. paramesenteroides A. neoniger

After secondary fermentation Plastic buckets Mixed L. plantarum, L. brevis

After primary fermentation Mixed



Table 9. Caffeine and catechin content analysis results of Ishizuchi-kurocha samples 

manufactured in 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caffeine, Catechins (mg/100g) 2021_Lot #0_Wooden barrel 2021_Lot #0_Plastic bucket 2021_Lot #2_Plastic bucket

Caffeine 1680.3 1843.3 1656.5

Epigallocatechin 1597.7 1538.8 1362.6

Catechin 137.7 135.0 206.1

Epigallocatechin gallate 18.1 19.0 317.3

Epicatechin - - 32.9

Epicatechin gallate - - 49.4

Total catechins 1753.5 1692.7 1968.3



Table 10. Organic acid content analysis results of Ishizuchi-kurocha samples 

manufactured in 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Organic acids (mg/100g) 2021_Lot #0_Wooden barrel 2021_Lot #0_Plastic bucket 2021_Lot #2_Plastic bucket

Oxalic acid 1021.4 1157.0 396.8

Citric acid - - 44.2

Malic acid - - -

Succinic acid 145.9 133.8 97.7

Lactic acid 4904.3 4815.5 4666.3

Acetic acid 207.3 174.8 474.1

Pyroglutamic acid 25.5 27.7 24.8

Total organic acids 6304.3 6308.8 5703.9



Table 11. Free amino acid content analysis results of Ishizuchi-kurocha samples 

manufactured in 2021. 

 

(*Theanine and sarcosine have the same retention time and are difficult to distinguish, 

but tea is known to contain theanine, so theanine is used.) 

Free amino acids (mg/100g) 2021_Lot #0_Wooden barrel 2021_Lot #0_Plastic bucket 2021_Lot #2_Plastic bucket

Phosphoserine 189.4 172.2 73.3

Taurine 327.9 297.3 83.1

Phosphoethanolamine - - -

Urea - - -

Aspartic acid 252.1 239.1 123.5

Threonine 88.8 81.9 42.1

Serine 75.7 70.4 24.8

Asparagine - - -
Glutamic acid 366.1 326.5 98.1
Glutamine - - -
Theanine 10.0 9.4 7.1

2-Aminoadipic acid - - -
Glycine 54.1 50.8 35.8
Alanine 166.5 144.8 73.3
Citrulline - - -
Alpha-aminobutyric acid 14.8 13.7 8.2
Valine 123.6 112.2 68.3
Cysteine - - -
Methionine 29.1 23.5 10.2
Cystathionine - - -
Isoleucine 122.2 113.0 47.9
Leucine 281.3 250.9 126.3
Tyrosine 156.1 140.3 27.9
Beta-alanine - - -
Phenylalanine 163.5 146.8 71.2
β-Aminoisobutyric acid - - -
Gamma-aminobutyric acid 36.1 34.4 47.5
2-Aminoethanol - - -
Ammonium chloride 150.9 158.4 60.9
Hydroxylysine - - -
Ornithine 6.5 9.1 54.4
1-Methylhistidine - - -
Histidine 89.2 77.9 36.7
Lysine 183.8 170.0 118.3
3-Methylhistidine - - -
Tryptophan 51.5 48.8 -
Anserine - - -
Carnosine - - -
Arginine 262.8 226.5 30.9
Hydroxyproline - - -
Proline 86.7 79.9 44.3
Total free amino acids 3288.8 2997.7 1314.2



 

 

Figure 1. Ethanol concentration change and sampling timing of high-acidity rice vinegar 

samples. 

Dark yellow: Ethanol concentration (EC), Green: Liquid temperature (LT), Light 

yellow: Liquid volume in fermentation tank (LV), Purple: Input amount of rice vinegar 

mash (RVM), Light blue: Input amount of rice vinegar mash and water (RVM + W). All 

values are relative. 

 

 

 

 

 



 

Figure 2. Ethanol concentration change and sampling timing of low-acidity rice vinegar 

samples. 

Dark yellow: Ethanol concentration (EC), Green: liquid temperature (LT), Light yellow: 

Liquid volume in fermentation tank (LV), Purple: Input amount of rice vinegar mash 

(RVM), Light blue: Input amount of rice vinegar mash and water (RVM + W), White: 

Alcohol sensor resistance (ASR), Light green: Destination tank volume (DTV), Pink: 

Pre-filling tank volume (PFTV). All values are relative. 



 
Figure 3. Results of microbiome analysis by 16S rRNA amplicon sequencing of high-

acidity rice vinegar and low-acidity rice vinegar samples. 

Relative abundance of the top 20 bacterial genera in high and low acidity rice vinegar 

samples. 

 

 

 

 

 

 



 

Figure 4. Change over time in microbiome alpha diversity (Shannon H') of high and low 

acidity rice vinegar samples. 
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Figure 5. Results of pan genome analysis of metagenome assembly genomes from 

alcohol vinegar samples and K. europaeus genomes in the NCBI database. 

A: Phylogenetic tree derived from the core genome assembly and gene 

presence/absence plots against the phylogenetic tree. The values of the branches of the 

phylogenetic tree show the support values calculated by SH-aLRT and UFBoot. 

B: Pan genome frequency plot. C: Core, Shell, and Cloud gene count graph. 

 

 



 

Figure 6. Heatmap of counting results for COGs categories of metagenome assembly 

genome and K. europaeus genomes in the NCBI database. 

 

 

 

 

 

 

 

 



 
Figure 7. Heatmap of KEGG metabolic pathway completeness of metagenome 

assembly genome and K. europaeus genomes in the NCBI database. 



 

Figure 8. Ishizuchi-kurocha test lot (2021 Lot #0) Sample manufacturing method and 

manufacturing schedule. 

 

 

 

 

 

 

 

 

 



 

Figure 9. Ishizuchi-kurocha production lot (2021 Lot #1, 2, 5) Sample production 

method and production schedule. 

 

 

 

 

 

 

 

 

 

 



 
Figure 10. Results of bacterial community structure analysis of Ishizuchi-kurocha 

samples manufactured in 2021 by 16SrRNA amplicon sequencing. 
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Figure 11. Results of fungal community structure analysis of Ishizuchi-kurocha samples 

manufactured in 2021 by ITS amplicon sequencing. 
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