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N B SR e g ST 5% 1 i il a0 R
A 50 BT LA A R 1 4 22 R N s 2SR
b NIRRT ol S K We 2o B2 v 240 B RE 9% 1) TR
BB AL N7 A e A, A58 A b
T 0 R 3 I R G B AR R SRR i ) AR A
TR S U AT I, [ 2 IS A B R P
HEATHE S AT RO AR A0 BT, 9 % 40 B 1) 4R35 2
RETEAT IO, 5 7F 2 4 20 1 8 16 5 AR 1 Fn B
TR - 2Z 8] 1) DRI, Ry 8 5% ke i LB AR B

1 #REFE
1.1 RS

DNA $#2 BRI &, RAR AR L s A IR
A PCR #7318 ot R, R A AR A
1.2 U5 E&

& A Mg 5 =X 5N (Polymerase chain reaction,
PCR) 1%, BER G F S5, 5% Bio-Rad Al ;
DYY-6 Byt g W358 g vl kA, o b st i S — AU
7 BB HRE.ON, EEFER KA A ;lumina
Hi Seq 2500 il J7°F 15, 22 [# Illumina 22 #] ,

1.3 Hi&

1.3.1  MRFEMHIS T SRR R il
TR R A S T XA T
K72 h, PR AEEA 6 U R R s
o, BHERE 500 g B, RI60 g BE N 3
B, H—ZAX—28EE, &b E R
o RO RS B 2 LRIk, BER A, &
EaE I R INOK BT 15 CCBA i KUk #E 1T
TR o SR VBB U1 JEURE Ty 2 R S iy | 6 R TR )
WAL 3,15,30 d #EA7HURE | 41> ) ] 52 52 JORE: 3
W9 DMREAR S5 43 5] : A1 (A2 A3 Bl B2 B3,
C1.C2.C3,3 MHrBei g5 S1~S3,

1.3.2 AL FME  FH pH 3 iR 2% & B
FES A9 pH {H ;R H GB/T 12456-2008 (£ & i
T2 B4 I S ) V) R R 0 A R R % o 5 R T GB/T
5009.33-2016( & & % 4 [ Z AR e £ 5 A AR
RS SRR ER (M A ) A AR R 2% £ ek I I
TSR & & ] GB 5009.235-2016( £ f % 4=
FE AR B S B R A 0 2 ) i Ay FE I i
FETEWE W AR S A S & i1 GB 5009.5-2016
(BMZ2EZRE EaihEAmEmE) hr

SPOEIE BRI E A R i, flA GB/T 5009.7-
2008 il H A SR BRI S ) HA B L R R TR
b R

1.3.3  DNA 280 PCR &% RJH DNA $2 10
F G B HURR SR 1 DNA, i FH 514 338F (57—
ACTCCTACGGGAGGCAGCAG -37),806R (57 -
GGACTACHVGGGTWTCTAAT-3"), ¥ ¥ 41 & 16S
rDNA V3~V4 [X PCR "3 [ )i 284 . 95 “CHIAL 1k
3 min; ffif5 95 CA M 305,50 CiEk 305,72 C
IEA 45 s, P74 30 G f)E 72 CHEAH 10
min, PCR 4" 3 7 W) 28 2% By R W B J0C v VKA ) R
FHl AxyPrep DNA 3 I I8 e i 1 45 o 40 4k [ i
PCR ¥,

1.34  mid sy s A SRR X R B
EXH A A VAT, AP Hlumina
HiSeq 2500 Xf 16S rDNA 3 [H () V3~V4 X #E 17
T 7 A5 3 AN ) e P B[] A ot PR S D i, X6F
AL PP SRR E P8, EREA EZ N HRF
B, 45 RE 9T oA AL f8 s o X Il F A e 81 T4 45
YE 5325 ¥.7T (Operational taxonomic unit, OTU )%
K ERE D LRI G, 153 OTU AR FH .
1 OTU &/ NREAR P 98, TR g0 #r .
Fo K BEAR B P PE 3 H - (Ribosomal database pro-
ject, RDP)classifier DI - 856 451~ OTU 1R 3%
F 0 55 B LR, B P A e o 2 e 1 R
silval38/16s-A1 T s 1%, ZRAGAN R 70 2 TR
16S rRNA JE P ¥ 51 ) o ZFE 1A B 2 AR 1T
QIIME #X £ (version 1.9.1) #1 R software (version
2.15.3) #4740, HHE B 26 Shannon (ACE |
Chaol .Simpson Z FE38 BUK A Alpha Z FEHE | £
i hx £s Fox, R SPSS #EAT B R J5 253
(ONE-WAY ANOVA), 5 Hr 84~ Br B Alpha £ £
PEREEN B E 2R ,P<0.05 Bagit¥E X, £
A6 & 53 B 4 #1 (Principal coordinate analysis,
PCoA) M TU4% 4 M (Redundancy Analysis, RDA)
HT B ZHH 5 #H7, FIH Spearman AH ¢ 73 #1 il -
TR R R R A PR 22 D] A A DG
1.3.5 JFEPEIIREMIM 04 A PICRUSE 241 %
16S 4" 4% - Fp 25 R JEAT D RE T 50 R 5L P A
N4 H B4 A5 (the Kyoto Encyclopedia of
Genes and Genomes database, KEGG) % 5 i
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Fig.1 The variation trend of pH value (a), titratable acid content (b), nitrite content (c¢), soluble protein content (d),

amino acid nitrogen content (e) and reducing sugar content (f) during sauerkraut fermentation
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Wik 7E 39.8 mg/ml, 28 HE MR A U R S fef vk 1Y)
—AEESRRR, 2 LR TR EEAES 21 K
TERE N 0.112%,

2.2 Alpha SHMHH

22.1 Fikilh4e B4 (Rarefaction curve)
FERFE S T R RTI ERE BEE
R A5 11 £ J2 75 38 311 22 A F W A Y 7 45040 A
SRS, m 1 AT B I R A S B
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RSP A AR B, DT IR BRI 5
TR 5% 2 e R, okt 1 — 25 10 B s o Y 7
AR R — o 4 T i T 2 S A 0 A s AL P A RO
P

222 Alpha ZFMEIEEIIT  TEZBRAKBT I ik
B RFHI R IR 16S rRNA FEHFFEH 5, M 94
FEACHARAT 337 417 25 T & 16S rDNA 3 [H )7
G- P S 428 bp, 3 AR AR S U E D)
BEV 1 Alpha ZREME R B r g RN &I 3% 1 P
7N TE S1.S2 .83 Z[i] Ace fil Chaol ZFEMEF5 %03
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Fig.2 Rarefaction curves

AR, U WA IR S R I A ) 4 T A 7 1Y
AR N K ;M S1 A9 Shannon #8547 (1.31) 1K F
S2(1.95).S3(2.01) BBt , 3 KA B % 2 5 (P<
0.05) ,Simpson #§ %1 (0.45) & T S2(0.22) .S3
(0.20) BB , BA 2 3% 22 5% (P<0.01) , R AE &
TR0 300 A0 T AR 9 1) 2 RE R LA

&1 Alpha S EEHELST
Table 1 Alpha diversity index analysis

ACE Chaol Shannon Simpson
S1 66.14 + 6.76 65.00 + 6.99 1.31 +0.22% 0.45 + 0.10%**
S2 66.59 + 16.29 65.25 +15.15 1.95+0.32 0.22 +0.03
S3 65.35 +18.92 59.05 + 18.22 2.01+£0.25 0.20 £ 0.02

T FR B 1 3 1 25 57 (P<0.05) o KR B Bk 35 22 5+ (P<0.01)

2.2.3  PRCHE A 40 BRI Vi 2 A

2231 AFFEGB AR BEE AN N9 PR
it e I 3 0 4 R AP S SRR T 6 41T .9 40 .29
H 47 B.59 )& (83 B, 7EIT BE J& K L 535l %F
3 AR A T AT T b, AR R TR
1K SF b (18 2a F1 2b) , 40 R % 45 1 32 28y )&
B2 ] (Firmicutes ) . 22 7% 1 '] (Proteobacteria) . 2
FF & T (Bacteroidota) it ¢ & |7 (Actinobacteriota)
MG, Hh EREG T AVEIE 1] S R
7,75 ST K BRI AR Be , 28 T2 11 1] Ry 8 X0 I 4 T
I3, AE X i ik B 84.18% , N & BE B ] 1 AH X AR
X RAT 10.61%, 8 1 S2 Bir B, A2 TR B T AR X
AXE 2 BE U 3 33.19% , JERE TR 7] 3 i 4 Jin 2]

64.83% , ELE S3 Bir Be, JERE G AR 0 42 2 Bk — 2
SEIMIKE] 77.51% , AT TR 1A XA X 2 Bk — 22
WA E] 17.91%, BLAL, 1E S BERE by Pk & A /D i
AT ] (3% ) R T 1147 /i 1g i s %
S1 F| S3 BBt M 1.64 %34 m 2] 2.77%.
ERHKF B (FE 2¢ f12d) , FLER # B (Lacto-
bacillaceae ) FIE P il 7 £l (Pseudomonadaceae ) 4
FEARHRL TR ST B BB AT T by e e A
(65.36%) , L& i Al Xt 2 B (0.21% ), 1L Ah g
5 A & BK 7 Bl (Streptococcaceae ,6.27% ) i AT H
#l (Enterobacteriaceae, 10.33%) L4 & £ (Moraxel-
laceae,4.29%) [ ERE FF (Micrococcaceae, 1.53%) .
£ S2 B Bt 7LIR 1 FH(58.06% ) Jy B At 3 i B}, e Ah
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K (21.21%) , BLAME &4 B FF 1A (2.51%) (FLER A
(4.62%) AT H (2.54% ) v LR H (3.40% ) |
W] HR 2R T (2.08% ) 5 7% L M T (0.81% ) Rl 4 BT
B (0.52%) . £ S3 B Bt , FLAF B A =F B2 38
(67.65%) , {5 50 TR AH X =F B TG FEAIR (7.10% ),
HWAME & A T # (2.31%) FLERE (9.33%) A3
FFHT(2.92%) Ay FLIK T (1.88%) .
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JER T OTU 78 3 B B (25 [a) 5 570 AR epomT
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Fig.4 Ternary diagram of OTU distribution in three samples (a) and Circos diagram

between core microorganism and sample (b)
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BN 7 8 7K P 22 500 e R 1 2 FLAT TR R A1 B B TR
J& . FLFFER R 7E S3 B Be X 3 B e =i (67.65% ),
1E ST BULF A, s M v & #2 ST Ry BoAd
X BE B o FIREAE AN AKCOE b ZUAF R R 2 224
YFAF I (L. plantarum) F1# B FLFF I (L. curva-
tus ), M EEFLAT T TE S2 BirBef i (44.13%) , M 8 1
S3 B Bt BEAR 2 21.12% . #E W) FLAT B AE S3 Bi Be A
NEERE (46.51%), 4% JE R M (Pseu-

domonas_veronii) FE S1 B BiAH XT3+ ik 59.50%,
T S3Fr B HA 5.70%,

2233 FEARM Beta ZFEME NAHCHE BT XEAE
i iE AT Beta 2 FEME 0T, PCoA Bl 78 FE AR 2Z (1]
() 22 5P PC1(65.44% ) il PC2(15.43%) 3L B¢ T
80.87% 1) 22 5, K FEHT I L) PC1 52 fie K, & 1
JE DL PC2 $2 M B K, n 8] B /s 76 & B9 9 ST By
BOR R B h 1 S2 B B 3 AMFEAR Z a1 25 AR
M2 T & B 5 S3 By B 22 A8 /N R W Bl 4 Kk 8%
P[] F i K K T 2R 4 1) A TR A 10 T R E
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The Changes and Driving Mechanism of Bacterial Community Structure
during Paocai Fermentation

Jia Jingjing, Zhao Huwei, Yan Pingmei’
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Abstract The standardization of paocai quality depends on the microbial community structure in the fermentation pro-
cess. In this study, high—throughput sequencing technology was used to study the dynamic changes of bacterial communi-
ty structure composition, detect the dynamic changes of physical and chemical factors, reveal the correlation between
them, and carry out functional prediction and metabolic pathway analysis. The results showed that: Simpson index in S1
stage was significantly higher than that in S2 and S3 stage, while Shannon index was significantly lower than that in S2
and S3 stage (P<0.05), indicating that the diversity of bacterial community was low in the early fermentation stage. The
bacterial species detected from 9 samples of paocai belong to 6 phylum, 9 classes, 29 orders, 47 families, 59 genera,
83 species. Firmicutes and Proteobacteria were the dominant phyla in paocai fermentation. The dominant genera were
Pseudomonas, Lactobacillus , Enterobacteriaceae and Lactococcus. The relative abundance of Firmicutes was 10.61% ,
64.83% and 77.51% at the beginning, middle and end of fermentation respectively, while Proteobacteria decreased from
84.18% to 17.91%, and Pseudomonas decreased from 33.19% at the beginning of fermentation. The relative abundance of
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Lactobacillus increased rapidly from less than 1% to 67.65% in the end fermentation period. L. curvatus was the main
Lactobacillus in the middle fermentation period, L. plantarum was the main Lactobacillus in the late fermentation period.
Correlation analysis and Redundancy analysis showed that titratable acid and nitrite were the main driving factors of bac-
terial community structure change, and had the greatest influence on bacterial community composition. Nitrite was posi-
tively correlated with the community at the early fermentation stage, amino acid ammonia mainly affected the community
at the middle fermentation stage, soluble protein and TTA had a greater impact on the community structure at the late
fermentation stage. Titratable acids were significantly positively correlated with Lactobacillus and negatively correlated with
Pseudomonas. The acidic environment created by lactic acid bacteria through lactic acid fermentation could significantly
inhibit the growth of Pseudomonas and other harmful microorganisms. In this study, the community composition and dif-
ferences of naturally fermented paocai in different stages were elucidated, and the driving factors affecting its composition
were explained, which provided help for the production of paocai.

Keywords paocai; bacterial community structure; physical and chemical factors; function prediction; high—throughput

sequencing



