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Abstract: The aim of this study was to investigate the influence of brine concentration on certain physicochemical properties
and microbial community characteristics in naturally fermented mustard greens pickles from the Chaoshan region. During the
fermentation stage after pre-pickling, the salt concentration of the brine was adjusted to create gradients of 3 wt.%, 4 wt.%,
and 5 wt.%. Throughout fermentation, changes in brine salinity, total acidity, appearance and flavor, reducing sugar, amino acid
nitrogen, total lactic acid bacteria count, and total colony count were measured, and high-throughput sequencing of the bacterial
community on the pickles was performed at the end of fermentation. The results indicated that salt concentration significantly
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affected both physicochemical properties and microbial populations during fermentation. After 10 days of fermentation, the total

acid content differed by 1.83 g-kg ' between pickles fermented at 3 wt.% and 5 wt.% salt; the time to peak reducing sugar content

differed by 3 days between these two concentrations, whereas the difference between 3 wt.% and 4 wt.% was 1.06 g-kg"'. Brine at

3 wt.% resulted in a higher proportion of spoilage and pathogenic bacteria, whereas brine at 5 wt.% partially inhibited the growth

of non-halotolerant lactic acid bacteria, resulting in a lower proportion of lactobacilli (21%). Moreover, a lower salt concentration

appeared to accelerate the fermentation process. Based on microbial composition and amino acid nitrogen content, brine with 4 wt.%

salt was determined to be the most suitable for fermenting Chaoshan mustard greens pickles after pre-pickling. This study provides a

theoretical basis for understanding the fermentation process of naturally fermented mustard greens pickles from the Chaoshan region

and for selecting the appropriate salt concentration for preparing such pickles.
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Table 1 Appearance changes and sensory evaluation of pickled mustard greens during fermentation
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Fig.1 Changes in salinity during the fermentation of pickled

mustard greens
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Fig.2 Changes in total acidity during the fermentation of
pickled mustard greens
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Fig.3 Changes in reducing sugar content during the fermentation
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fermentation of pickled mustard greens

TERBEN PR, 3 wt.% 2h R I AL IR i B
LR ET 5 wt% HBERREE, it 10° CFu/g, #EN
RT3 wt.% B R 7L R B AR T N
AN B E R SR R AR W AR I 2 M ER R SE 3 K
THR R B 6 RS AR B & RPN E T
B, IR TE PR IIBT B

SO 2 FE S AHERDL, BB ENAELHE
G LR R BB K0 1~2 do JRIKRFRSE P 1R H 7L
R4, MARE Ry W5, HAHRETT
20 FORLBEAT ALK NS FR R, R 2 A7 AE IS TA] L (1)
5.

SiG R 3K SIS, BEEREMIG N, &R
B BT N B R VA PTG PR R T R A
Hom. WARFEES®H LA NTHREMOER, K
Pl NADH & & B 5 53 vh ilg (1 32 28 e 1 4R 1, i
NADH (177 AE Y5 T %18 JEHE R . 7EFLIR R I,
NADH E#¥ 7R B NMER, 7 A mIL R .
BRIk, 27 RBEHEH, UAREITHREEHE,
I JEORE () BTtk B A, HL LR T T 4R KRR IR
JER K O34T IR R ST O R, I R X ik R
B I 40 fife T 22 K T30 SR M B A O 2R . IR R B &
BRI
232 BAEEXK

R & S HU R TS T E A, S
M REFIRE B, O8I NP R B AR T LU e — e R
RO, FESBEE T SRR R AR
B, BUKBEO. 1. 2. 3. 5. 7. 9. 11, 13, 15d
RS FE i EAT T VR S B, g5 R 6.

8._
A
jo]
@
@ o
® S —=— SO%HL I
- —e— 4%
w4 —a— 3% 3hJE

0 2 4 6 8 10 12 14 16
R TE) / d
B 6 AET EHERRNEE DTN
Fig.6 Changes in total colony count during the fermentation of

pickled mustard greens

B 6 Hh B VA B AR Ak B 5 LR T e B AR AL
TR, EREM R SIAREE)S, B
TRBRFRYE TR, AT aRIRD o

LR BB A F) 10° CFU/g J5, MR EEA4
TEUG B B 1A, IX AT RE A F T R T A AL R A A
TR, FREARE. A RIS, HESHE 6
A1, TERBERFEY, ARENEERL T EES
B, X ARSI B A E AR VR e A
BNTER SR, BREAEER, BIEPEERNIFT
] JER OSSO 1R Ji 1) L IR B E A SRR T AR K PT Re
P, SEUEE BB EEK T AR R EE.

AMERERAHE, HESASORFEEGRE, W
I B A ESCEE G I A B A T AN I, I T AT TR A
FE IR T
24 AEBETABESERLNMED S S
i
241 FRHEETABNLRZTHARLEHEE
AV i

ARSI B6 BORARFASFEA I 7 2R R 10 000 255
Hl, 9 ANFEARILIHIRT 567 098 26741, “FHIKERN
420 bp, e T 16S rRNA ) V4~V5 Xk, Zilid
FUR GGG, S RREREA A 80T 5IR E 8
i 10 000 k. ACFTEFHIBAIBRE, £ 97 wt.% HIAH
UMK 1, FIFH USEARCHI1-uparse &y2:5% 7 1) it
17 OTU T HT, FLAHIH 159 4 OTUs. 4513k 2,

Bt £ (Rarefaction Curve) ™" I 75 4 45 %t h 26
(Shannon Index) 8 i Bl A1 4l BURE A b i) — @ B g A
W, Gt TR AR, DAMEREE A,
Wl B YN AR R 2 ) T e R i 2 T TR A
FEARM M &R Mgk T FaEn, Jiagmy
WRECEE S TREARP R AEE, WpdsR
P WALRES . 55 Al 7 fE 8 fs.

99



MR B

Modern Food Science and Technology

2026, Vol.42, No.4

x2 BEENFER
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Table 3 Results of a-diversity analysis
B /(wt.%) Sobs Shannon Simpson Ace Chao
5 59.33+0.58" 1.76 £ 0.07° 0.25 +0.02° 66.16 + 447" 62.98 +2.33"
4 74 +6.56" 1.84 £0.09° 0.23 £0.02° 78.05 +5.35 76.9 4.56°
3 100.67 +0.58° 2.19+0.05° 0.18+0.01° 106.63 +5.57° 103.45 +3.37°
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Fig.11 Relative abundance differences at the phylum level

B 11 B T 1K S B 3k 2R 4 3 R AR I vT
A&, W0l B =2 v A 35 17) 38 43 0l D AT BT
(Firmicutes), Wi#4HE ] (Cyanobacteria) LA ZF
] (Proteobacteria), "', #L#F % ] (Firmicutes)
EAVS ANy N N S A I N e P
(Cyanobacteria) 2§ T-¥R /K, X ER 3% 1) & B ik 7 5
Wi 5%, AL 1] (Proteobacteria) Ho {7 7E#5 % J4
MECORE, WRMAE. BRA KRE. WITIRE. I
WEFT B B TREAT R S AR

SERIEIR 4 wi% SNSRI ] (Proteobacteria)
AEXS = B A AR AT B 1] (Firmicutes) A8 X 3 B 5% =
ik 70 wt.%, X KBRAHE S EE S, Mtz
5 wt.% FhFEH AR [T (Firmicutes) AH XS 3= B
KT W 4HT% ] (Cyanobacteria), iF ] HFLEEH & EA
R HEWI L & K 56 BE A SR K e iB 8 R C & TF U T
Ty 6 FLIR Bt R B I A E A

B EE R R - IRRIAS 36 (Kruskal-Wallis H
test) ABe A Ny R, S5 AR 12 B

Kruskal-Wallis H test bar plot

Lactobacillus *0.027 32

i -
LB 5 B Leuconostoc O southrie 0,027 32
e " -
1635 7 75 B 5 il B4 Stenotrophho... W 4%3h
7 O 3%k i *0.027 32

B 12 =M ENABRRXTEFEEZEZERNEM
Fig.12 Differential bacterial species in fermented vegetables

with three salt coentrations

HEA T =R AT LR BRI A
BE, AL EER 3 wt.% hE A PR N & EUR
PG 22 28 28 B T S AR T 4 wit% 5 wit%
SR . i 3 wt.% £ 4 BRI ATAE ) E0w 24
B LR
244 KE) ARSI F T AR B AT

FIFH =F B B A AT DL B 0 A A ) 3R B 26 R

102

RS EBRARER . EE2 IR B, RiEw
JEIFFERE, EHCE EEHER AT S0 T E, RN S
ot ) FR) 2 FEEARBA R R AT SR 2 A0 M o A TR AV 1 AR L
Kl 13 Fiose

Xof v = BE AV BE IR SEIL A 53 . BTy
P FE LB AN [FIRE A 5 7 KT IR I 4H.
FRZE SR BB A, FoRZPERE S
B MG SRR, WULZ YR I E R

A DA 20 LA 14 8 A0 R 7 IX B AR LR
FUIR T A2 = 28 BE RS T ¥ R A B . AR,
3 wt.% AT AN EE, B REE, IR
LA S, B T R B 2008 5 T 4 wit. % 5 wit% ERFEA
4 wt.% EhJEH R VAR B A, FE R D
245 KRB HERBERLEEET @A 0TS LR

BT R R YHTE OTU B AE Veen B, #EATAHAU
P, SR E 14 Fis.

3wt% HEH S 5 wt.% A ILE T OTU &=
84N, 3wt% thIFH 5 4 wt.% i E 4345 1) OTU %
B I8N, 4 wt% HhIFHS 5 wt.% HEFHILA R OTU
HE3Al, ZHAEARLAR OTU & 60 4>, 1X Lk
OTU 1, 3 wt.% hEARA OTU £ 48 1>, 4 wt.%
EREHREH OTU & 14 1, 5 wt.% HE 44 OTU
B8N MU LU, 3 wt% 4 A H IR
B BEVR SRR R, 4 wt.% AT 5 wt.% SR —
WAERER e, WRTE R RO A, FmFhiD .

ML 4, KI 4 wt.% B TR S0 R B2 05,
EHNERRSESEE . 44K 10, #HENIXA]fE
ST 4 wt.% £ B 2H T PR 1R I B s R R R .
SEAMREIER S MEEAHE 6 KE, Emh
FEIRGE T REENLRE, [F B T A R

PN ER B X R S B BE AR ) 2 BRI R e R
5 wt.% hEH 5 4 wt.% 55 1 B2 VAR DL
FERETRHEIT, 5 wt.% #hFE R 7w A K E I
K AR A, T3 wt.% 35 RS R,
e, SRR B e, R R e T
4 wt%. 5wt% thEFH, 3wt% HEAMMED S
4 wt.% il 5 wt.% EERRMEY Z M L BE B3 %
S, H 3 wt.% #h A BRSEAFAE 1 BUW A% 1 L UK.
VL R SR P AR A P 5 F At X RS PR A 0
BEHEAT LR, R B X TR M SR i F A I AR
JERR DY IR 3, FRATIN NI T =F 2 72w 2h
oM A2 RN A 85 B M AL [F) A I 285 3R (R FRATT R B
4 wt.% AT W 1] (Proteobacteria) AH X} =F FF
AR AT B 1] (Firmicutes) AN =FEE &, X REE
AR .



MREmBE Modern Food Science and Technology 2026, Vol.42, No.4

Community heatmap analysis on Genus level
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