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Abstract: To screen for excellent strains suitable for sauerkraut fermentation, 19 lactic acid bacteria were isolated and purified from
traditional sauerkraut in Guizhou. Firstly, a preliminary screening was carried out based on acid production capacity and growth conditions, and
then a secondary screening was carried out based on the nitrite degradation ability, acid tolerance, viscosity production and hydrogen sulfide
production properties. The results showed that the overall performance of the strain RS11 exhibited the best: its nitrite degradation rate was
98.8%, it exhibited optimal tolerance at pH 3.50, and produced neither viscosity nor hydrogen sulfide. Safety evaluation showed that RS11 had
no hemolytic activity; showed tolerance to streptomycin and kanamycin, showed moderate sensitivity to tetracycline, vancomycin and
erythromycin, and was sensitive to chloramphenicol, ampicillin and gentamicin. It was identified as Lactiplantibacillus plantarum through 16S
rDNA sequencing. It underwent homolactic fermentation, utilized all tested carbohydrates, exhibited rapid growth and acid production: It
entered the logarithmic growth phase within 2 h, reached the stationary phase by 12 h, and reduced the pH to 3.98 within 12 h. The inoculation
and fermentation results showed that compared with traditional natural fermentation, the fermentation cycle can be shortened from 7 days to 2
days by using RS11, and the peak nitrite content during the fermentation process is only 0.62 mg g™ In summary, the local Lactobacillus
plantarum RS11 screened from the traditional sauerkraut fermentation system has excellent fermentation characteristics and safe regulation
functions, and is an excellent strain suitable for sauerkraut production.
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PONMEG T IR F B -+ eRFEEE B IFT3E  (Brassica juncea (L.) Czern.) ARl FF32 &30 E HEE T
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FEXTRLRRER 150 uL, SR AT HAER T MRS B33t (pH fH 6.240.2) {ifi, & 37 CIHIEH;*
FarhBEFR 48 he fr &R, PRI ALIR B v (TR U455, At REDGIE) HAT-FRI L,
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PR L, AR RN E AR S, e FAE . KRN B 2R IR RS I H R W
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133 #RBILERE ) A IF
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BUEALJE ORI R R0 BL 2% (V) (R T4 0.1 mol L iR 1544 pH {49 3.50 ¥ MRS A
¥R, AT 37 CIERREFRA R IR 24 ho BEFRE5 S, RAIEEFR (T 600 nm 4 il 2 55 779 ODeggo fH -
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BRI RS1L BRI LA 2% (VD IEERT MRS Jifkks 955 (W)4h pH {8 6.2240.2) 1, BT 37 C
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PR AT RSE T, RN E SRR IR CREED (E X FFoRab s JFgmt st i, T2 R/K50,
Ttk ER S, PiEoK, BTKRET 5 LSRN &E T, BIAPTTIFREMIEK G5 1%k
Bk Iv 3. KRR e IR SE pH (E. SRR S . WAEER L & B SR SR b & B S5 S b R AR 1 sh S22 1k
Hrb, MRS RINES Ge &Mkl L 25.0 mL BRSEREFRZ 250 mL A&, FTC —SUbBRINKE
WEZIE, B, FPCRIEAtE I, IR, B 50 mL FEHT-Heptd, FH 0.1 mol/L S ANkRvE & i i
% pH it 8.240.2, 1CFEENINEAEE . IR E S E ok, 5 g MRS T 25 mL i,
7&K EZR A 25 mL, 80 "C/KiA 30 min, AEIEISIEFRIGE, H 40 mL AUKPERRIE FIGEIE, S8R T
100 mL AEHEFIEHAKER. T 25 mL RPN 2 mL 32BN 3 mL DNS 7, #E5)E1/KE 5 min, %
HEFER, di/KeERE 25mL, JREIT UK 540 nm A6 .
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T S B i = VoM B SRS, SRR EE (XESD) Ron. SR 2019 B T EE
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Fig.1 Growth capacity(a) and acid production capacity(b) of lactic acid bacteria

E BYFRFERAFERLE, (P<0.05).
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WFSL BB = RRRE JIAR 4B KRR CCRFAR ODgoo M 250-2.55). BFFLHENT, - Wafie /bR T RRSE R
BB — 7 1 5 PO = ARSI IR A K, 0 Li PRI pH i 2 F SO IR
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Fig.2 Colony morphology and Gram staining result of 5 strains
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RMORT N, RS 5EL 99.07%. 98.61%7F1 98.82%, H3EMLT RS18 Al RS19 AR . X —45 B 5k
RGP RIS, FHMRICEESER 4 B YI132. CCAB8-6 L5 bk FIREF I, 95.78% LA b1 it £h %
R, TEMERMENRH, FARFLBRETE pH {H 3.50 (M2 1F PR IER K, Bort REFMmEREHE Gk 30).
Horh, RS11 HOMHERME S0 T HAb Bk, B BRI R BN pH (8 4EFR7E 3.0~4.0 2 [0]%°), ixueepipkss
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Fig.3 Nitrite degradation rate (a) and acid resistance (b) of lactic acid bacteria
E: YRR FHAFTEFLE, (P<.05).
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SR R TR, Wang SRR, IS TLER I (SR A, AT LA RS T BRI R I R H L
WM B 2 R VR E . AHE T AR RIS 4 R SR 1 PR, BR RS19 4h, HARBEHINA™
Ko AN, RS18 Ml RS19 2 FEUKFFREM, T HANERRN T ISR, R EATHEH TR K. 2SR
FER AR AT RE ™ AR A T UK, AR RS PRI AR B L B . A EURIR S SRR, I IRt i
PRI =B, 2 DESE T B IR S R e P R P
F 1 MR ERAERE
Table 1 Viscosity and hydrogen sulfide test

%R
R A
RS5 RS6 RS11 RS18 RS19
FEAbIE - - - - +
R I ik - - - + +
FERRACE,

i RALRZIM ORESRINN, TR
24 RS wik% 2 EF )

* 2 ARSEIE RRURMIAE
Table 2 Lactic acid bacteria antibiotic susceptibility test
FHRAE  HEALEMM SR

WA 16.700.38 I

B EEE 19.6540.35 I
REE 26.5140.22 S
AF¥HEEE 31174004 S
RKXEE 19.4840.22 S
HEX / R
FAREE / R
HEE 24.3340.12 S
aEE 20.2040.24 |

E: S ATHE: | AFFEME, RATHZ.

& 4 jAMm4CinsER
Fig.4 The result of hemolytic test

7E: a-RS11; b-FAxtig,

RS11 KIS 1R RS, R RRIIF-IRRE /7. R K ERE DL B U T R R S PR R 77, (eI L
BEATRYE, HRFBESRE DR R, AT — AR R b . U SRR A PR T e 4
VEM BB hR L —. ZORIGSE R (£ 2) SR, RS WHGEMRIGEAGT 2, WIURE. i
AHHETERR, MINEAGE. A EEHEENRAERNRIEUR. KEHHTRER, R EE XA R
TR MRS, B, Zhang ZPHREDY ISR 34 PRALBREIIN 6B T2, T Desalegn 2557
(IR TR, MR RBP4 B 11 MRALRRIE I RIS R . SR, SLRRTH I IO 25 5L B T g7
6



MR ERmEE Modern Food Science and Technology 2026, Vol.42, No.9
FETKPAER RS, R TSR S B PRI 241, h N KA B B E B o

B ITEVER PG EY 2 e B R R bR —, B IS PR B AT A i Rt E 40, AT AL
R g faER, wlE 4 Frs, RS1D FEIERAR TR L5375 RS E1E NI B (KT AR, T PR i e
T ) BR R (AL B i L I ) A L B . X — 25 IR3R N, RS1L BMRABA R IMIEYE, N HAE R Rk
2z PR At T B B .
25 JLEEmER
251 MBREHRE

ABRAEACRE T A AR (3R 3D, RSLL BEMON Il i I A BRI By RIF AR ERE ) o JF BAZBEMRAE
G PRI AR R A AU, IR A R RO R R AR A o [F) LR A T PR R A E R i A 2 2
PHAEFLUIR, X R AR B i A b b B BN A, RERE A R m A R I R OR I R R AR e

* IMEAELIOGR
Table 3 Experimental results of sugar fermentation

KITE %4 AR HER BB BRE O RE FHA B B R B BSA

“#R + + + + + + + + +

E CUREALEREMNE; CREERZMAME,
252 NTHEMFER

5T 16S IDNA JFHIMARF R B = ias RE1H, 458 DNA MIFH RS11 Wbk SHEY) TR b B ik
Lactiplantibacillus plantarum JCM1149 3Lt 100%H FF#1[AENE (K] 5D S5 SRR A A ANRFIE, Rl H
X Z R RIS AT s R, 2% RS1L NAEYIFLIERT B (Lactiplantibacillus plantarum). X —%E45 Y
RGKEW L3, B PRAE T R BAER . RS1116S rDNA 51

RSI1
100
92( F L. plantarum JCM 1149(D79210)
L. casei ATCC 393(AF469172)

L. delbrueckii ATCC 11842 (KC429786)

100

78|

89

L. acidophilus ATCC4356(AJ418902)

| L. pentosus ATCC 8041(AB794901)

] L. gasseri ATCC 33323 (NZ WBMG01000029)

L. sakei subsp. sakei ATCC 15521 174 (NZ PUFE01000020)

0.050

5 ETIEAE 165 rDNA EEFFIN ARG L BH

Fig.5 Phylogenetic tree based on 16S rDNA gene sequence of lactic acid bacteria
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6 RS11 KL K o BRRHEL
Fig.6 RS11 growth curve and acid production curve
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B IR RS11 A KM A= ER i 2k, v DL ARG A KRR A T . il 6 P, Btk
(AR S IR (R AR AR K I ZRAFAE: 7E 0~2 h IR, RIS REFINIAEEIERIRE ) 2~12 h A4
ERH, RS E N, ODgw Ef AT 1.55; 12 h [FAEKHERIZMHE, HEAFREH. HER -
HHARKW BTG K (2~12h), #5350 pH EPOE N, RILHESN-IREE /1, 2T
J& pH H TR AREE: 22 h E RN, s W ARSI, pH BRI AR E .

27 REAHE

RIGGER WK 7 Fiw, Hefh R FH AT RV R B8 R B A KIS 2 d pH {HIRGER% % 3.54, &
BRI EEIAE] 477 g L0 MRS Li 230Fseisih, BRSK pH MEAE 4.0 £, BIREE<IS mgg’, DUAFIBSEH
bR T E SRR B B TR SR TP 5 D B REY, R RS, EZRHE 5 d 4R R E
(pH 18 3.69, 2 4.98gL™). ERIRERICHITH, BfhRBHEIL BB BRI T RSIR H &
BIRAYERFENARAKF (0.16~0.62 mg kg™, H R IR ZHIT IR EhIEE: M2 T, HRKBELESE 4 d H
DL E T AR LN 2% (19531 mgkg™), ELZEH 7d 4 HEEF N ZetRERE (20 mgkg™) IR, X—
4515 Fan ST S ARREL, ARG LR A NSRRI R B M, KBRS 2 do A
T FC A e Bl Tt R S SR R B4 RE. 5 o, SR 22 57 ] e 5 AN [) R B2 JSOGT TR AR A M R 2 e 5 5% b 4h,
Xin 2B FEAR IS, BaRh R BERASEN pH {H.(3.15~3.52) s fr B (>3.50 g L ARSI £57K S (<0.50 mg L™
LI S A ARG R EY G, DI TR R R

alf ——Ns b'T ——ns

) 5r

pH1E
/
o ot
AN
AN
N\
\
7

1 1 1 1 1 1 1 | L L L L L L L '
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

REERTA (d) REERIE (D)
10 0 « 3
8 200 /_
js | ?ﬂ 150 | /. \\\ é\ﬂ
;x : . <BH // \ yﬁé
\;4 4 \ ég 100 // 2
= \ o / // \ E
5 A g /\w \ s
= - 50F / \
2k \ \ - . // /i \.""“”»Ei _
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7
REERE] (d) REER R (KD
E 7 BESIRisiRT ik
Fig.7 Changes in physical and chemical indexes of sauerkraut
E: NS: ARABEERE; RS1L: BAEH R RS11 A BEE.
3 Zip
AHFTE N IAE SR D 7y B Atitb 19 PRFLBR T, 18I~ BRRE JIAVA K PERE W, SR1S 5 PRI R Bk

(F59% 24h )5, ODgeo=1.36 H pH {E<3.87). H1, WPk RS11 EIMHIFHIZEETERE: AMEA R H RN
KAL) (3595 240 5, ODgyoiZs 1.55, pH 1EFEZE 3.82), i JEHILH R LA NG £h FAfAE 11 (FEAF2 98.82%)
RAFIINERTE (pH A 3.50 5 N AEKREJVBHAMEIRLF ) DL AAS =R R SR . 2o A B AR
I4tA 16S IDNA 701 %55€, 1 RS1L 7 A FUAEAT 1 (Lactiplantibacillus plantarum). 22 PEpEAlZ#H, RS11
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MEERRMRBER A2, MUK, TEERNLERETERR, NEER. A FFFERNENER
U, B AR ORI, %@k 2 h BRI, 12 h RSk pH EPUER 2
3.98, RILHSEENAIIREE ST - FERNFIVEREDTTH], S48 AR EL, RSLL S5 A I vl 28 SR TR E 7 RO
REEFIWI 7 d G024 2 d, [FIAREEHERMERER R (SREmE AR 063 mgkg?, G EFbRHER
20 mg kg™ FRAED . SXUEREMEAS RS1L O —Fibl BT R B DM R BRI bR, SERSE e 4. mRvEr
RBE T HIIRCE B, SHEGUA I B K b A B B SR

P
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