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Fhoh R BEgE SR, ORI 16S rRNA DU 3 52 40 T
ZREE SE 12 1T 223 AN (348 A Fl, Horp
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DL A , A AT T 8 (Chromohalobacter japoni-
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BOEHIERR SR IE 12, I, 15 B 5 B K F A fig
o5 5% H W PR SR PP LR B RO I, TR A 5
T 2 0y ) A AT 80 A B A O, B i R a5
PR B IE 7 A, PR UE 5% H W R S A9 )™ il i 4 LA
s AR, FRT, O T IR SR S A5 R B S h
N Z TR TS BAR AL S , (ER AN [A] B X 5
W TR 32 240 TR 25 R P )52 W) A BE SR

A FEAEAF R BE (1% ,3% ,5% ,10% ) & 41
AR K IR SR, (I 16S rRNA ¥4 1
0P 3 A 8 V8 0 e 5% H A TR i A T 22 R PR 1 52
M, I B R LA SRR i TR AR A, B TR
WEFEAN TR R BE N S0 H iR B2 A AR K oo A v A T
SRR Sh AR, DA IR T H RS
Bt kg 2%

1 MRERE
1.1 #R5iRF

BT, T R R VLA PA R T A X
A % Bl 117 ; TIANamp  Bacteria DNA - Kit 4l 75
LM ZH DNA 42 Bosn & % s , b st RAR AR 1
B AR A RN, PEIES biowest A H]; &
L RSN Yz B S /NS I = W o I N
TR K PR EALER R BE IESERE 3,5- 0N
FLoR MR (X R 4 M 8l ) | R LT B 25 WAk 2 i
FIABRA
12 NUB5EF

Ilumina NovaSeq6000 PE250 & i 2 54,
¢ [ Nlumina 22 & ; UVP #E S AZAL, 51 Bio—
Rad A 7w ;DYY-10C HLUKAL , Jb BT i /s — XA 5
FA2004 HLFKF (0.001 g), i F{Uami R
J 7 PHS-3C BUKS % pH i1, LU AE SR 2A AU A
BN 7] 5 TU-1800 AU Ah—1] W2 e G BE T, bt
WA AL & A BR T AT 22 W) s DH2500A 5 i #i i
IS FAE , RIS A R A A
1.3 Hi%
13,1 JEoRHl A 3k 4R €0 R ff o 1) B £ 55 H A
PR AR R 0 P W K ok T SRS 42
PREUE 22 )5 09 25 16 2 kg, 20 026 A 4 NPk 5
L 3RS HE b SR R AT R 55 43 A A it
R 1%,3%,5% , 10% MK, EhK T 58 2 5%
LH R, SRIFAE 20 °CHYIE IR B IR A A

60 d,

1.3.2 FESCREE TERWESS 3,30,60 KB 7E 35
T 114 [R) — 57 R AT HBORE | AR I A U BRURE 11— X
P, BB USSR AR K & B 50 mL B T T
BT T A 2 AR E 5 A, [RIE
FEBEIEWER R — 7 B, T AR 0,3,15,30,45,
60 KB HEAT HURE | WS A 28 T 4 192 352 1 h K R B TR
50 mL FERSEFE 6L 50 g, T pH H B ER | iF JFbE
o A IR AR B DA SRR 5 R S AN AT
1.3.3 & DNA $& M mim sy >R TIANamp
Bacteria DNA Kit i [ 4 K 41 DNA & Bl 7] &
PEATHEI, SR 5 1935 B 5 06 e FhL Uk A et A
DNA £ 5 el i se st R BER/INVEI MR B 4G
HLEN 100V, HL UK IS [E] 24 40 min, AR 45 305k 5
2 FEL K ST 000 D SO A R ol P JC TR K AR R SR
R SEREAS DNA % 1 ng/pL, LA R IEFE 41 DNA
AR, Al R S 51 ) (314F 5" -CCTAYGGGR-
BGCASCAG -3’ F1 806R 5’ — GGACTACN -
NGGGTATCTAAT-3")§ 4 Hi 16S V3-V4 Xk Y
16S rRNA B B8 HK R i 30 pL IR G W4
A, HA 4 15 pl Phusion Master Mix (2x),3
wL 514,10 wL B4 DNA (1 ng/pl),2 pL /K,
PCR ¥ 3 e iR ) . & #4798 CZE % 1 min,
SR HEAT 30 NMEH A HE (98 °C,105;50 C,30 s;
72 °C,30s;72 °C,5 min), N EH R FEEAR
DNA HE 3 WHAE, SRIERHE PCR 7=y ik i
¥ 3 KT R AR H S FR SR FE A PCR =y ik 17
SRR AE B LIRS SR A PCR P #E4T
FEMREI G 2% 0 B s b B I L Uk R PCR
FEY) K EL R 80V, HLYK B[] R 40 min,,

1.3.4  FALARMEIE 5 H 0 R SR Eh K R MY
pH {61 pH it A7 & , I H pH {8 43 51 A
4.00,6.86,9.18 AR HELE MR AT AHE . BiR S 7%
GB 124562021 & b % 4 H R brifE & &b B
(A0 5 Y ) pH T E A T A YA R TIN E  38 JERE
TS % NY/T 2742-2015CK 5 KA i nl v v b
A E 3,5-Zh FE K IR Lo vk YH#EA T . T
iR £h & -2 | GB 5009.33-2016 (£ &% 41
FhRAE B A R AR A R R A g ) 25 Ah
GG AT I

1.3.5 JBEW 2% GB 2714-2015(E M %4
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[ FARE ¥ M 32 ) A1 DBS22/025-2014( & i % 4
Hb 7 bR TR R ) BRI LD SE 4H 0, B 10
2 N R EIEN /N, XERR R T S H
PR SEHE i HEAT IR LR BT A PR RCE VA
VR Fi BE 30% ,30% ,20% ,20% Fh AL T 35

Oy o FRERS0 g KEM BT WU AR
M, T AU 3 1 i i AR RS SR BEHILI
PEATH R, 76 B UL 2 i, I 7K el i
e, fRahas T —DFedh, BARPEr bR Wk
L,

F1 EHERXBERRESIRE

Table 1 Sensory quality evaluation standard of fermented red cabbage

M A 5 AR Sy
AR (30%) AR AR B FARFA  ERA AR F e 8~10
B Aok R A — R, B A A& 4~7
R Bk Ao i A AR 2R 1~3
# vk (30%) R B RA R T BA 8~10
ok — R BB T 4~7
ek £ B Rk A ek 1~3
Ji e (20%) EW R ARFE bR 8~10
R B R BE R o B 4~7
R ok, Rz 1~3
&% (20%) Frt2Rkaé 8~10
Xrt2 ke 4~7
EE RS 93 1~3

1.4 HESW OTUs ¥ H 5 BLAG T i J5 /MK B 3 3% M 598k

AR QUIME (V. 1.9.1) it & 45 i B2 7F | 745
Ze A JELE AN AT T A R, A B R
5 18 845 (Clean Tags). f#i 1] UCHIME B354 I
WP H 5 Silva 2% 508 ST X, BRI G
W, BB RUT A, 5T A % H W R SRR AR )
AT BT H) I T — 2 A BB 1) 4325 B 9T (Oper-
ational taxonomic units, OTUs) HATHRZE, FXT
OTUs J3 8 #E 47 9 Fh g B o 3058 2504 R SPSS
22.0 Sr AT AL BR ) DL SAME £ 45 UE 25 Ko 04T B3
AT, 24 8 & KSF P<0.05 B, AT it 2f 3 X
K Origin 9.0 XA AbFRAEIE], A K 56 = 42
E 3,

2 HRE5SMH

21 AFRBETEARAAXBHNEHERKATS
B

2.1.1  AFEERE T AR AR5 H PR s 2
FEVEFP SV B Ik 2 B, AFFLET A
SRR B 25 H R R SR Th A T OTUs ¥ H 2 fb A7
JEANTE], Hob 1% B2 B 98 e e 04 5% H i R =

JETR AR 2 T 1) 55 T T S ) 2 B S v D I T v
RS T 10%E8 BT A AR & B ) 55 H R R =2 1
OTUs % H B K B RN WS R, BRWLSE OTUS
#CH 4, Shannon $5 #U{H A1 Simpson $5 £ {H 1 K,
Wt WY 20 TR B 7 22 B 14 8 5 5 Chaol 45 $0{E Il ACE
FEBUE R AR B XA R R BE T H
SR R TR (1) 58 H A TR S ol vl 4 TR RV 2 RE MR R AT
AT, BEAE S RS R B AW EAT 1% 3h
TR R I 5 H A TR SR T 4 TR R VR 2 AR
SIS T T N BT 3%, 5% 10%3h FE
T A AR Y 58 T R R 3 D 2 B S el /b e T v Y
e MR FREE R F AR L IR 55 H W R SR
HH A TR Vi 0 T2 BE EAT A3 B, T AR R TR I () ) 4
B 1% EN [ AR R I 1) 55 H 4 TR SR o 1 4 TR
e 2 B RIS T 5 N R 3 3% F1 5%
FER AR 2 T A 55 T W TR SR it ) 52 B S 0 /D 5
T fase, 1 10%E5 BT [ 2R & B 5 H % iR
SRS R ISR R, IR R AR
I, X AT RE 5 HER B A G, TR S IR IR SR A
AR B B 4R B AR 0.999 LA E 3k vl B
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AE % 5€ i IS I 5% H 08 19 SR o 4 T
REVE B AR B 8 BPnd , ARERE T A&
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Table 2 a—Diversity of bacterial community in naturally fermented red cabbage samples under different salt concentrations

&% (T TR OTUs 4 B Shannon #53% Simpson #84&  Chaol #& 4% ACE #54  m B RERHK

1 GL1.D3 85 3.132 0.815 87.800 89.485 1.000
GL1.D30 102 3.251 0.836 109.500 107.333 1.000
GL1.D60 97 2.756 0.767 106.429 104.251 1.000
3 GL3.D3 133 3.030 0.795 210.500 162.919 0.999
GL3.D30 83 2.117 0.597 98.167 91.693 1.000
GL3.D60 118 2.753 0.721 127.100 125.232 1.000
5 GL5.D3 119 2.968 0.807 122.300 124.556 1.000
GL5.D30 76 2.029 0.571 80.500 82.697 1.000
GL5.D60 101 2.258 0.617 104.882 108.268 1.000
10 GL10.D3 57 2.301 0.683 59.500 60.514 1.000
GL10.D30 68 1.758 0.526 69.750 73.072 1.000
GL10.D60 81 2.246 0.662 94.333 93.725 1.000

2.12 ARERET ARLREREHEREYM L BRI R 2 B 40 2K B AR RE A5 4 5

FEPEHZE AT b A R 2R I (T 1) nT LUE i
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Fig.1 Dilution curves of bacterial communities of
naturally fermented red cabbage under different salt

concentrations during different fermentation periods
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Fig.2 The hierarchical clustering curve of the bacterial
community of naturally fermented red cabbage under

different salt concentrations at different fermentation periods
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2,13 AEEREET AR A ) 5 H i TR 5 41 i R
PO RS [E] R BE TR AR A 25 R
SEAEAN[R) A e IS 31 1) 2% A P A R OTUSs 72 17]
KAV B FEAT o3 A A 20 YR A A L 1 B, TR AR 45
FAnE 3 FrR e I E 25 R AR A SR
T2 SR A it %) 200 TR R 9 b ) S BT A A R R T
[T AR JER ] (Verrucomicrobiota) 4UUAT
I"J (Bacteroidota) . 25 #H #T 1% '] (Campilobacterota )
L H 1] (Actinobacteriota) . &R 51 /9 4l & (u-
nidentified_Bacteria) . # 4l 7% [ '] (Cyanobacteria) 47
] (Deinococcota) . Wi ] (Desulfobac-
terota) 55, Hr DL N ERER ] BIRETT,
EEDSARERSBRET 4 NHET AR LN
58T W TR SR it v X AR T DR RE R TR ) 32
SR, X5 Z s i E S Sk g S
I 7 22 FE R B S AR AR DGR Y — B, i AN
Sl Eh 3 MRS B A A R AN WA T 4 Fib
EREETT H AR I A5 H R TR SR A A SRR RE TR )
S ERSD I NI ER AN N R A s T E=S 2
FeI/INE R R R . KR, 10%4 T A 2R
T TR 25 T T R S o o JERBE TR 1) 1) AR R o 8 e
AN BTG TR TR AR ok, R BRI, 4 ik
JETT A SR & Ry 55 H W BR SR AF b rh R BE TR ] 1) AH
XF B IR B KAE, TR T TR T A AR X 3 B D)
St/ IME, I FLRE & R B2 A 35 R JERRE TR [ A AH X
FEREAN WG N, AR T T A AR = R s/ &
PS5 SR 10% 3R BE T 8 R K e Y 58 T 3 R SR+

1.00

He
W R
0.75 RARTT
W AR |
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Fig.3 Species distribution of naturally fermented
red cabbage under different salt concentrations

at the phylum level during

s P JEERE T 1] AR O R ok, TR IR T RO AR
X R RN, OF HEEBET 1] 5 A2 T BT BE £k R 1
A A R W P AR — B
XPARTRIERE T A AR L e 55 H I IR S A Rl &
PE I 301 ) 2% 5 H 3 R S A i 4T 1A 9 OTU's 78 J& 7K
- HEAT A AT, A B0 A A A L AR O, TR A 2
WK 4 s, TEA RS H AR & BERY 55 H i R
SERE SR, DA R AN B Y e AL S AT R R
¥ # )& (Enterobacter) \FLERH J& (Lactococcus) W
FREE WD F KR EE (Serratia) R CH R 12
B & (Pantoea) W K JE W~ EFTF 1 J& (Hafnia—Obe-
sumbacterium) .5 BR 14 J& (Streptococcus) . ¥t G T
)8 (Dubosiella) 55, ANIE 4 Fios , AN [RIEEER A 4K
e THE TR 28 T R R S 7E e o A8 v B DL 35 TR A S 5L
i i s 7Lk e DL S B AR B | X
W5 2 Fi e E B 58 A i AR LR v 40 2 R
FEARDRFF —B, RN, 1% ,3% , 5% E T
I AR I 118 5 i TR SR it ) DI 34 T U 20 ] 2 3L
FrE g AT, 10%E8 BT 3 SR R BE 51
WA RS RE Sl FLAT 1R B A AR AR, FEH
J AT i e A ER R R R S B G TR R AN W
17,1%,3% ,5% , 10935 T H AR K I 00 55 1 1 R
SERE s P FLFT I R e BT E R R TR
R IR BIWEARL SR, 75 & TP S 300, FLAT B
JR T BT, 5 I8 A di 0 (i A
Fe—%, M RIS n] RE 5 H R
1 B R R B AR b ol T FLAF i m R R 5, AT L
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EEREEEERRENE

@ st

g L

5 e BRI I
iy S 2
m g
4 2
IS os0f
g W LR
Z .z W

] PG

T 025F

a1

0.00

&l O > D ANy £y D &l O
SO R I
PO NS

N N A BT o L9
o o 9o & ¢ o &y o

LEGER S

Sample name
B4 TREEETEARBHNEGERXERNR LB
AR B 7K = LM ¥ #h 53 76 (BT 10)
Fig.4 Species distribution of red cabbage naturally

fermented under different salt concentrations at the genus

level during different fermentation periods (Top 10)
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% AN W R 3R fef 451 I M 2 2 08 1 A ) A K 32 B
Y 2L R X T R T AR T O S R A
B R0 e A5 4R L IR IR | [ B g R R 4 AL
G W AR EAE L™ A 0 2 AR i U, O B FLRR
P AR R B BAR DG AP PR BURRE
U S LE M DI RE R TR, S Ah 4 FhEREETS HAR &K
T2 (1) 55 H W TR S B i v 08 B T o T R B TR R
TR T A R B R ME X AT RE S 5
W O BB B R M A OGP, (AR
HE, MR THEERET BR AR £ ER
SRR, 1 %3 BT F AR & T 1Y) 58 H W TR S A i v
FLERTH & i BE AR By, 7RISR 3,30,60 K
33135 F) 0.205,0.191,0.256, 3% Al fE & i T FLER
R 1 AR R B T O S BRI Eh B IR, W] R 2k
PRI 55 H WA TR S 1 B A 1 SR K T Ao R X
LA T X5 W R S N R B A A R U E A
HAE 1% ,5% 48 T F AR & BE ) 55 H W 58 b bl
H R BN K RIS R R R, e
3% ,10%8 B A SR & BE 5 H i e e vh 2 8%
TREE LR,

2,14 AREREET B 9K K TE 5T 0 R SR Al 1A &
FEME PCA 208 SR 805300 B (PCA) Sk St A
[F] 25 B2 T 19 AR T 118 5 T R R S R o 4 R v 46
a1 2 SRR B8 PSR AS 7E 1B b A 7 8 A
T Z 18] B 40 T 4 OB AR AL, 7E 4 FhEREETS AR &
T (14 5 T W R SRR i v, B IR T AR AN (] & T
TOT 0 240 TR v 2 R M 25 R (P<0.05) .
K5 fiws, g, 90k FR PCL AT PC2 43 il 3R 4 1
FR RS 2 ERGT, B 1 SRR sk
K 17.13%, 55 2 3 h 14.86%, HHETHEM
FhERFE 1% 10%E BT AR E RS 3,30,60
TR 58 H W T SR i =2 T P B A X A, 1P
ZER T A AR A Y 58 T WE R SR A A T Aok AR v 2
B REVE S5 B AR 3% M1 5%48 FE R H 4R & ¥
(57 3,30,60 K158 H 14 2 52 AE 22 18] 1) B 25 4]
P, ULZER R A AR Kk I 1Y 5 T W R SRAE
S WA TR P AN BB VR A ) 22 S LK L R R
5% T H AR & B R 55 H 0 R SRR o v 4 TR
WA RS T 3 AR B A AR R BRI 5 H R R
FESARBE R, R HMEREAR S HE 34
FETE— W25 REET A, 3%, 5% % T ARk &

PCA Plot
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Fig.5 PCA analysis of naturally fermented red
cabbage under different salt concentrations during

different fermentation periods

T 1Y) 5 H W R SR A S Z I R AR B %, Ui 2
FPER BETR AR K T 04 58 1 W TR SR R ot vl 24 TR RV
MW ZEFIFAK, M 1%,10%E 5 F A K & B0
SH W RS A R R L 2 RhEREE R HAR R BE
(58 T R R SRR R, 3R P EL A TR AR 9 114 21 A
HHE 2 HMHER K KRB 4 Fhdh
T B SR K R 55 H W R SR AR A By, UiE 4
YR R SR i A R RIS A R E M E R
22 AEBETEHREENEHERIIELE
MR

& 6a R 6b W1, R[HER BT 3R & B
()58 T W R S AE H R R I 72 v pH i Bl & % sf
(] 552 T W 34 7 A I I T il g, e T s T
Bk o B SRV 218, R 30 d B &K BESG
pH H AL A B F 2R, BRI 1%,
3% ,5% ,10%5 £ T 8 SR A& ) 55 H 5 RS 1Y pH
E53 590 3.36,3.27,3.32,3.42, HHNIHY 4 Pk i
SRR S5 A R 3 v R YA B K I [ 2
& 1% ,3%,5% ,10%: 5 F A SR LB & H
WE R 2 1Y SR 43 R R AE 1.26,1.63,1.42,0.9 of
100 mL, X TFLAFw 8 ALK JE W] B 2Rk
PR IR R R BT ISR R SRR AR AL AL
i DA E 55 H W TR S 17 J T i 40 = S IR, (A5
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It 5 XA S A
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PR SR E A AR & I 3t R vp 3 JSORE 0 A8 Ak Bl 25 % T s
[ AT B e TR TR RS, XrTRes
ANTFI R BE N AR R I 1 55 T A 2 S v 3 OB () 9
RN R A DG, A RERD Y, el T A 58 S e
WA S8V R IR R A & Ik, BLi,
FUATE R FLER R (O R Bk R R BERK R LB
W [C o e AF e g ™ A LR LR TR T IR 2 6%
B R, A K BN G218 A R Y AN W
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Fig.6 Changes in physicochemical properties of naturally fermented red cabbage under different salt

concentrations during the fermentation process
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Effects of Salt Concentration on the Microbial Diversity and Quality of
Red Cabbage during Natural Fermentation

Liu Kai, Xie Shuangyu, Li Zhi, Sun Bo’
(College of Food Science and Technology, Northeast Agricultural University, Harbin 150030)

Abstract In this study, the changes in microbial diversity during natural fermentation of red cabbage at different salt
concentration levels (1%, 3%, 5% and 10%) were investigated by using 16S rRNA amplicon sequencing technology,
and the changes in physicochemical properties during natural fermentation of red cabbage were determined, as well as
the sensory evaluation of naturally fermented red cabbage at different salt concentrations was also carried out. The results
showed that the red cabbage naturally fermented under different salt concentrations was dominated by Proteobacteria and
Firmicutes, and the main genera are Lactobacillus, FEnterobacter, and Lactococcus, Leuconostoc, Serratia, Weissella,
etc. In addition, different salt concentrations had significant effects on the physicochemical properties of fermented red
cabbage such as pH value, total acid, reducing sugars and nitrite, among which the fermented red cabbage at 3% salt
concentration had the highest accumulation of total acid, faster consumption rate of reducing sugars and relatively faster
decrease rate of nitrite. The correlation results showed that Lactobacillus, Enterobacter, Lactococcus, Weissella, Strepto-
coccus, Akkermansia and pH value, total acid, reducing sugar, nitrite and other physical and chemical properties were
highly correlated. According to the sensory evaluation, it was concluded that naturally fermented red cabbage samples at
3% salt concentration had the best taste, followed by 1% and 5% salt concentration, and 10% salt concentration had
poor taste. Therefore, red cabbage samples naturally fermented at 3% salt concentration had higher microbial diversity
abundance, highest accumulation of total acid, and better taste and flavor, which was more suitable for the fermentation
of red cabbage.

Keywords red cabbage sauerkraut; microbial diversity; natural fermentation; salt concentration; quality



