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Tracing the Source of Fermenting Microbiota in Pickled Chinese Cabbage Based on Endophytic Bacteria Analysis

ZHANG Qingfang, CHEN Wenli, WU Jiaming, ZHAO Lu, MA Minghao, WANG Xiaohui*, CHI Naiyu>X<
(Dalian Key Laboratory of Marine Microbial Engineering, Dalian Key Laboratory of Synthetic Biology, Liaoning Marine Microbial
Engineering and Technology Research Center, College of Life and Health, Dalian University, Dalian 116622, China)

Abstract: In order to explore the source of fermenting microorganisms in pickled Chinese cabbage, this study used high-
throughput sequencing and bioinformatics techniques to investigate the diversity of microbial community in the fermented
juices of raw and cooked Chinese cabbage at the early stage of fermentation and the diversity of total and culturable
endophytic bacteria in Chinese cabbage. The results showed that at the phylum level, most of the bacteria in the fermented
juices of raw and cooked Chinese cabbage were the same as the endophytic bacteria of Chinese cabbage. Four lactic acid
bacteria genera were annotated in each of the fermented juices, namely Lactococcus, Leuconostoc, Lactobacillus, and
Weissella, and 299 genera including 6 lactic acid bacteria genera were annotated in the endophytic bacteria. The lactic
acid bacteria genera induced four ones common to both fermented juices as well as Bifidobacterium and Tetragenococcus,
indicating that the endophytic bacteria were one of the sources of lactic acid bacteria in pickled Chinese cabbage. Compared
with pickled raw Chinese cabbage, the number and relative abundance of pathogenic bacteria genera annotated in pickled
cooked Chinese cabbage were significantly reduced, and most of the pathogenic bacteria genera detected belonged to the
pathogenic endophytic bacteria genera in Chinese cabbage. Among the 51 culturable endophytic bacterial genera identified
on plates, three lactic acid bacteria genera were also found in pickled Chinese cabbage.

Keywords: pickled Chinese cabbage; high-throughput sequencing; endophytic bacteria; microbial diversity;
microbial traceability
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Fig. 1  Relative abundance of bacterial community at the phylum level

23 BT R BRI TR A ) 2548 4
231 AEBURFEESEL2 hJ@ K40 B A AR LS R 4 A
HIF2A 50, SIVERERI138 MR, Hh, 4 Fhalig
B, AT FE EHE4 S 3K Lactococcus (13.78%)
XS FE HE 44 5B 41 Leuconostoc (9.99%)  AHXF=F B 4k
4 ZE198 Lactobacillus (0.18%)  FXTEEHEXFETTH
Weissella (0.013%) o AHXT=FFEHEAL 1T 1009 5 & 73 51 9
Chryseobacterium (32.93%) . uncultured_bacterium_f_
Enterobacteriaceae (28.31%) . Lactococcus (13.78%) -
Leuconostoc (9.99%) . uncultured_bacterium_o_
Chloroplast (4.06%)  Acinetobacter (2.76%) .
Herbaspirillum (0.78%) . Allorhizobium-Neorhizobium-
Pararhizobium-Rhizobium (0.62%) . Sphingomonas
(0.61%) . Enterococcus (0.47%) , HHH MHFhIAR
o STHFLIR B AN 32 5 S A1 0H23.96% «

Chryseobacterium
uncultured_bacterium_{_Enterobacteriaceae
Lactococcus

Leuconostoc
uncultured_bacterium_o_Chloroplast
Acinetobacter

Herbaspirillum
Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium
ingomonas

nterococcus

Alkanindiges

Brassica_napus_rape

Serratia

Sphingobacterium

Bacillus

¥ uncultured_bacterium_f_Burkholderiaceae
Comamonas

Delftia

Lactobacillus

Pedobacter

. Methylophilus
uncultured_bacterium_f Xanthobacteraceae
. Brevundimonas
uncultured_bacterium_f_env.OPS_17
Escherichig-Shigella
uncultured_bacterium_o_Subgroup_2
Acidovorax

. Pseudomonas
uncultured_bacterium_o_Acidobacteriales
Methylobacterium

EQMMUUHH ®

1 1 1 1 1 1 1
5 10 15 20 25 30 35
AHX %

(=)



E6o

XY TR

| =

2024, Vol 45, No.22 55

Tepidimonas ]
Methylovorus ]
Odoribacter ]
Cloacibacterium ]
Rahnella ]
uncultured_bacterium_f_Lachnospiraceae
Dyadobacter
Caulobacter
uncultured_bacterium_o_Gammaproteobacteria_Incertae_Sedis
Microbacterium
Aquabacterium
- Gilliamella
iy Aureimonas
= Mucilaginibacter
Acidipila |
Candidatus_Solibacter
uncultured_bacterium_f_Muribaculaceae
uncultured_bacterium_f_Acidobacteriaceae_Subgroup_ I ]
uncultured_bacterium_f_Gemmatimonadaceae
RB41

Candidatus_Xiphinematobacter
Bryobacter
uncultured_bacterium_f_Saccharimonadaceae
Thauera
Candidatus_Saccharimonas
uncultured_bacterium_o_Elsterales
Snodgrassella
Corynebacterium_1
Bdellovibrio ]
uncultured_bacterium_f_Blastocatellaceae

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
XSS/ %

C

uncultured_bacterium_f_Microbacteriaceae ]
[Eubacterium]_coprostanoligenes_group ]
Achromobacter ]
uncultured_bacterium_{_Micropepsaceae
Pseudacidovorax
Paenarthrobacter
uncultured_bacterium_o_Saccharimonadales ]
Roseiarcus ]
Candidatus_Actinomarina ]
uncultured_bacterium_o_WD260
uncultured_bacterium_f_Desulfovibrionaceae

SW

[HE Nitrospira
Rhodococcus
Lachnospiraceae_ NK4A136_group
uncultured_bacterium_f_Nitriliruptoraceae
Weissella
Faecalibacterium
Candidatus_Competibacter
Burkholderia-Caballeronia-Paraburkholderia
Bosea
uncultured_bacterium_c_Subgroup_6
Variovorax
Roseomonas
Granulicella
Dechloromonas
Cetobacterium
uncultured_bacterium_f_Rhodobacteraceae
uncultured_bacterium_{_Chitinophagaceae [
uncultured_bacterium_c_KD4-96

1 1 1 1 ]
0.000 0.005 0.010 0.015 0.020 0.025
AR F /%

d

Staphylococcus

Ochrobactrum
OMG60NORS5_clade
Lawsonella

Hyphomicrobium

Devosia

Desulfovibrio
uncultured_bacterium_o_Betaproteobacteriales
Thiobacillus

Sphingobium

MND1

Ellin6067

I Clostridium_sensu_stricto_1
Acidothermus
uncultured_bacterium_f_Caulobacteraceae
Terrimonas
Rikenellaceae_RC9_gut_group
Bacteroides
uncultured_bacterium_f_Ilumatobacteraceae
uncultured_bacterium_c_Subgroup_
Streptococcus

Rhodoplanes

Kaistia

Helicobacter

Halomonas

Flavobacterium
uncultured_bacterium_o_C10-SB1A
uncultured_bacterium_o_Azospirillales
uncultured_bacterium_f_Kineosporiaceae
Phenylobacterium

1
0.000 0002 0.004 0006 0.008 0010 0.012
HEXS 5/ %

Nesterenkonia~ |
Hydrogenophaga |
uncultured_bacterium_o_Gracilibacteria_bacterium_canine_oral_taxon_3%4 |

uncultured_bacterium_c_Gammaproteobacteria |
Methylotenera |
uncultured_bacterium_f_Saprospiraceae

Paraclostridium

|

5 Massilia
Dietzia
Akkermansia
uncultured_bacterium_o_SJA-15
uncultured_bacterium_f_Roseiflexaceae
[Ruminococcus]_torques_group
Stenotrophomonas

Spirosoma

Neisseria

Il

|

|

il

|

Limnobacter

|

Aeromicrobium

|

1 1 1 1 1 1
0.000 0001 0.002 0003 0.004 0005 0.006
X E B/ %

a M EEHA 1 ~3010 )8 bAHXTEEHEA31~601M)E; c AN FEHES
61~90M1JE; dAARTFEHA91~ 120118 ; e X FEHEA 121~1381))8
Pl 2 S1ANE s K P-HIx 4 HE

Fig.2  Relative abundance of bacterial community at the genus level in

raw Chinese cabbage fermented for 12 h (S1)
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Relative abundance of bacterial community at the genus level in

raw Chinese cabbage fermented for 72 h (S2)
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Fig. 6  Relative abundance of endophytic bacteria (BNSZ) at the genus

level in Chinese cabbage
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