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ABSTRACT: Objective To screen lactic acid bacteria from sauerkraut fermented with Wudalianchi natural mineral

spring water, and to investigate their probiotic properties. Methods MRS-CaCOs; agar medium was used for the
primary screening of lactic acid bacteria from the samples. The growth curves of the isolated strains were plotted, and
physiological, biochemical and molecular biological identifications were performed. Moreover, the probiotic properties
including acid production, acid tolerance, bile salt tolerance and bacteriostatic activity were analyzed. Results A total
of 6 lactic acid bacteria strains were isolated and identified as Leuconostoc mesenteroides, Lactococcus lactis,
Lactococcus cremoris, Lactiplantibacillus pentosus, Weissella hellenica and Weissella confusa, respectively. Growth
curve analysis showed that 3 of the strains entered the logarithmic growth phase within 4 h and reached the stationary
phase at 18-21 h. The evaluation results of probiotic properties indicated that strain 14-1, KQ15-1 (Lactococcus lactis)
had the fastest acid production rate, while strain KQ19-1 (Lactiplantibacillus pentosus) exhibited the strongest acid
production capacity with the final pH of 3.3. Strain KQ19-1 also showed the highest acid tolerance, with survival rates
of 99%, 90% and 81% at pH 3.5, 3.0 and 2.5, respectively. In addition, strain KQ19-1 presented the highest bile salt
tolerance with a survival rate of 97% under 0.3% bile salt concentration, whereas strain KQ10-1 (Leuconostoc
mesenteroides) had the weakest bile salt tolerance with a survival rate of only 7%. All the 6 strains were sensitive to
penicillins, cephalosporins and macrolides without drug resistance. Notably, strain KQ19-1 exerted bacteriostatic activity

against 3 kinds of pathogenic bacteria. Conclusion Strain KQ19-1 screened in this study has the best probiotic

characteristics. It can provide basic data for the exploration of probiotic resources from sauerkraut fermented with

FH1TE

natural mineral spring water and the quality improvement of sauerkraut fermented with traditional method.

KEY WORDS: mineral spring water source; sauerkraut; lactic acid bacteria; screening; probiotic properties
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B &R BUIL R 40 DNA, B4 H 4% 2 S0 (polymerase
chain reaction, PCR)™ 34 /=¥ 38 il 5 & MER A BB A
FRON FIIEA TN o 3 P J 5 R i o 1) 9 1) [ 7 AR R
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1T E AR 4 €0 A 2 BR TR B2 F LB WA 3R kv, 37 °C
PR IR, IO 294 10° CFU/mL, WELO0.1 mL ¥
i+ LB EIEFRE, HAFIAT 3 L. iEfkE
TR T 2 P Y 4 °C 10000 g B5.0> 10 min, F3F & 0.22 um 1%
FLUBPE S IERBRTE, B 100 pL i A SO W35 95 MLAL 4y 52
BoaH, R AEFL AR LB ARG IR, R 3 A
WHE, 37 °CHiF% 48 h, M E ERZ.
14 HiELE
KA SPSSS 19.0 FKAF X HHE AT /4T, [ Origin
2024b ML E, BRI HE R ZE TR, a5k
T3 WEL,

2 HREHR

2.1 FEREM S BiHiE

TESY BRI Pk L L BDE . Rini B
PRV B 1) FLIRR T R DA RR AL S6 fk, Sl H L RS
BEKE(H BT 10x; Y18t 100, HHFFE 16 #k, BRE 40
PR, FEIESWE 1 PR TR W KR B A AL R 2
JEHIFR 1 AR, ML 2 LR SR A WA 45 AL o 1A
PREEFTIA2E, Hod a MR KQI0-1, KQ10-2, KQI8-1,
KQ18-2., KQ23-4. KQ32-1. KQ32-2, KQ34-2; b MHitk

x100% (1)



42 B 24 iR AR I 2 4l

FH1TE
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Fig. 1 Gram-staining results of lactic acid bacteria screening
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Table 1 Physiological and biochemical identification results of
lactic acid bacteria screening

EiEton a b c d e f
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IIp - - + - - _
A + + + + + +
7l - - + - - -
Eup i - - + - - -
LB - + + - + +
WA
K
FUE=K 4 - - - - - -
£
V-P i 5 + - - + + _

e+ KRB R BIE,

22 IBMEMNSTEVFEE

B0 B I FLER R, 28 16S tRNA JE4I/0 ik &
NCBI 4RI/ Hr, S E BIRh, 258 a5% 2 FioR:
oy FHYFYE, A 3 RFLRRE R R 100%, HARTE
PRFEE S 99%. FRFLER A 437 KQL0-1 7 A B 5 2k
T, KQ14-1 FLIRFLER ), KQ15-1 FUIEFLERH, KQ19-1 [h
FLHEYFFE, KQ21-1 BREELINT LR KQ34-1 MG 81N X
Bi. Hob, Fkk KQ14-1 F1 KQ15-1 [A]/B ALER &, KQ21-1
1 KQ34-1 [ JR BT FQTE @ . AR g 251 M BBy Y145 R 3
FE A R gy B TR Bk % b B W) FLOFF 1A (Lactobacillus
plantarum) . £ 52 8031 G (Weissella cibaria) . 58 FLFFE

(Lactobacillus brevis)Filifi & & 117 (X % (Weissella confusa).

Az A5 it 2 VO T M R S b O 3 1 2L R BT Sk e 4 LR TR
(Lactobacillus plantarum), % ¥L#T & (Lactobacillus brevis),
& 1% FL AT B (Lactobacillus fermentum) I £ii [< 2L AT B
(Lactobacillus buchneri) . 455 fir i 7L BRI I AR 22,
AT RE A Z R SRR i LA LK Tt R AR 51K ok & e K
A5, DR IS FLRR PRI B IR 4 (AR AR 2R

#2 ABMERIFEMLEXER

Table 2 Homology alignment results of lactic acid bacteria

i YTEGER R % ¥ 515
Leuconostoc
KQ10-1 mesenteroides 99 NR113251.1
Ji7 IS B R R T
KQ14-1 La(itocogcus lactis 99 NRO040955.1
FLBRFLER T ~
Lactococcus cremoris
KQ15-1 LIS AL ER B 100 NR113925.1
Lactiplantibacillus
KQ19-1 pentosus 99 NRO029133.1
P FLAE YRR
Weissella hellenica
KQ21-1 RS BT S B 100 NR113775.1
Weissella confuse
KQ34-1 il BT B 100 NR036924.1

23 FEMEAE Kz

2 WAL, 6 PRILIR T AR Rl I AR K IR AR (b 3
WEATANI], AT 3 BREAAEAEHIAC K 0~10 h, A K21, £
10 h J& BE A $A: K39, 18 h itk A g £ K3, ODgoo T 11K
2 BREIERE I 0~4 h, 16 4~18 h X BB K, 18 h 5 ik
AFESE A, ODgoo i 5 . KQ19-1 75 3 h #E AT Hi 2k K3,
FEMF R, 21 h A ARRE A K, ODgoo 45, HiIlL
AL, AT 7V 4 2L IR T LA % () i AS ) b L R o 14 2 K
R

3.0
—=—KQI0-1
5| TeKQI4
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201 —e—xQ21-1
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Fig.2 Growth curves of lactic acid bacteria
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B, SERE AL REONCO, FLRR T IR AR 45 R 3 PR,
TR 6 MRFLER E & WER BERT M A5 fL Y pH 32 B ERFAR
JataTRGE, FLEREE ER(KQ14-1. KQI5-1)/ FRE R,
KQI19-1, KQ21-1 Fll KQ34-1 j=MR# R H %, KQI0-1 Mtk
PR, S5 2 ARRE A KGR B 6
WRFLIR S B ASTEUE RIS pH FREBE, SEALER
REME, pH BB TRE . Wk KQL0-1. KQ34-1 FaE
W5 pH M7E 4.1~4.3 2 Ji]; KQ14-1,KQ15-1 fl KQ21-1 §&
WG pH ¥I7E 3.6~3.9 Z [, KQ19-1 "R %, fReE
pH £ 3.3 K4,

; —=— KQ10-1
21 —e— KQl4-1
—A— KQI5-1
—4— KQ19-1

—e— KQ21-1

pH

A ] /h
B3 FLERA RGeS

Fig.3 Acid-producing capacity of lactic acid bacteria
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B P EAFE S KRR, LUK 2 AREhFREE R fE S22,

sk 3 PR, 6 BRELFRWIAE pH o 2.5, 3.0, 3.5 MR
PEIREE AT HAT AN R R B 1A 28, 10 B U 0 2L 1R 1 38 L
AR AAFAREAEREAR, K kB pH N
2.5, 3.0 F1 3.5 i, Hkk KQI9-1 BIAET R R, 43510
81%. 90%7l 99%, KQ10-1 7£45 pH 53 T 7 1% H I HA% .
JL A LR DI pH 197, AiE el rde o, (HARE e
BRI AEE R

fif A ER I I 45 R AN 4 FUR, BEPE KQ19-1 7E 0.3%/1H
R AT R 3 h R TG s, 0 97%, AA/INGI
JHE W —BAE 0.03%~0.30%, 687 KQ19-1 Tt lHELAE S
B, AN THAESEHEPNER. 6 HREkd,
KQ10-1.KQ15-1 Wi FHER AT KAWL, (h 7% 17%; H

ARFLER AR RE 13
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Table 3 Acid tolerance capacity of lactic acid bacteria

—— TRRRAFIE /%

pH2.5 pH 3.0 pH 3.5
KQ10-1 15+4° 33+1¢ 43+2°
KQ14-1 33+3° 46+1¢ 63+1°
KQ15-1 2142¢ 45+5° 52+4¢
KQ19-1 81+4° 90+3° 99+3°
KQ21-1 63+1° 77+3° 82+3°
KQ34-1 73+5° 84+1° 87+4°

TE: AR/NG 5B R RS SO A 7R 31 25 53 (P<0.05).
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Table 4 Bile salt tolerance capacity of lactic acid bacteria

pr: KQ KQ KQ KQ KQ KQ
B 00 a1 s 19-1 21-1 34-1
et

/%

7E50 46+1¢ 17425 9743 64+2° 79+1°

T AR/ FRERIR AT RO A7 A B 1 22 57 (P<0.05)
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i AR TR XA R Z R, HEEXRBIAKAZY
U A S B A 7 oG 2R RS e B, o LR TR
P A 28 AT 25 BT hy FLINR T & T S 1) 42 A MR VTR S 0
24 a5 AT, FLERT KQ10-1 %5 8 ZJE(PEN Al
AMP)FIRFNABEZS(ERY HI AZMBBURR, %) 6 FifideZEp
FEARURR, X 4 A R FBmT 2. Bk KQ14-1 Al KQ15-1
Xt 5 % F 2 (PEN fil AMP)., PUAZEJ(TET F1 DOX)FIK IR
WEEZE(ERY Fl AZM)EUR, XF 4 Pk &P REBUK, *T 4
Rk R R 24 L @bk KQ19-1 %1725 224 (PEN Fll AMP)
R, Xt 4 b R P UK, Xt 8 Fhbik R RN 2 .
AR KQ21-1 F1 KQ35-1 X 7 5 2 25 (PEN Fll AMP)f{US, Xf
8 P A b BRI, X 4 Fhi sl RPN 2 22 XU 2 >
MFRBEARAT X EFERIE . KB RIFNEREUE
RO 251, A2 0 1 9 FL IR B X I 22k 35 Teimit 24
P, BORAELE R N AR 1 AU
244 3SLBRA AP AT

A TR AT S 3 A R 2 A LIRS I S0 T A
B, VT A AT H X R 1 1 7 ) At e &
B Sh AR S A e e KA . &% R AR
FVD T TR UL A4 i 3 S50 A 201

H12¢ 6 A1, 6 MRFLERI XS 3 A /R KB —
PRIIVE L KQL9-1 X K HAFFER . 4 8 €007 25 BR B 10 1 4
FH#RoR, KQ19-1, KQ14-1 #l KQ15-1 %177 Fe i/ /i
ek o LEAATNT AT AL, B RE 7 SR 0 N B FE KQ19-1,
KQ10-1 F1 KQ35-1 P RE S HXT 455, HAahZLER it 2
BRI TR
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Table S Antibiotic susceptibility of lactic acid bacteria

L=

PUER

AMP CEF CTX TET DOX

ERY AZM CIP LEV SD SMZ GEN KAN

KQ10-1

KQl4-1

KQI15-1

KQ19-1

KQ21-1

| |w || = |=®
w|wm|m|m| =

mmmmmmg
z
n|ln|ln|lwn|n|ln
—_ = = = =] =
—_ o= = = =] =

I
S
S
R
I
I

— =" |wn|wn |~

KQ34-1

— =" |lwn|lwn|wn
— =" | wn|wn|wn
—_ = = =] =] =
Al A AR

R R R

: PEN: HEZ G (penicillin); AMP: &% VG (ampicillin); CEF: k%" (cephalexin); CTX: 3kEWENT (cefotaxime); TET: PUFRZE
(tetracycline); DOX: ZPG¥F % (doxycycline); ERY: 4% % (erythromycin); AZM: B[ #4755 % (azithromycin); CIP: ¥4 V) & (ciprofloxacin);
LEV: 7% 50 5 (levofloxacin); SD: fif /i ¢ (sulfadiazine); SMZ: fifli F %Wk (sulfamethoxazole); GEN: JK k% X (gentamicin); KAN:

FHR%AE K (kanamycin), S: R I U R: T2

6 FLEAEMEE

Table 6 Antibacterial activity of lactic acid bacteria

WERA PR RIGHFE UITRE SO R
KQ10-1 + ++ +
KQ14-1 ++ 4+ ++
KQ15-1 + - +
KQI19-1 +++ 4+ +++
KQ21-1 ++ ++ ++
KQ34-1 + ++ +

T NI B EAR 7~10 mm; ++H N INFE B EAR 11~13 mm; +++5
TITE B B4 14~16 mm,

3 W54

AT FE BB IR VT AR R Ml X A% G2 R IR = Hh )
oy Bk i 56 tREEMUFLERR W ik, 2B Rk
FRPESE IS G FLAEM R8N 6 MRILERTA, 437
R B R, FLIRFLEREE, FLIRZLERTA, SovkIlaay
FFEE, MReBINT TG B AN Rl G BI0T TR TR 0 2ok X s 2L R o
TURR | TR | T IREL | AR B R R R A AT, I
VLA TR 256 2 28 Pk B A, R0 BT [C P 0 il 5 20
o E TR Tt 7 A R 6k B D AR X AR, FLERFLER R AL FL
BRUAT IR R 108 o AR5 T 0 2L R 1 P Bk FLAR FLER TR A1,
A FLIR 0 5 A WFSE G Al IX R S Hh it e 15 7Y
FLRRH R, BT MW WA B L ™,
SCHR[16,281#238 B9 FLAT 1 (ODggo fH 1.36~1.65, pH 3.7)AH L,
ARG IO FL A AT T A R A = R A T 2 s - Li 251
TR I, FERRSE K I bR 058 ™ BR g ) 7l i R B oAb
Pk ib, BICERBREMER, Fok, AR EIREE S
R 1) LR TR I R B PRI I RE T MR, AE 4 R e SR A
PRUERRSE S J5T 7 T HAT TSR T, WGR - B i vk o 0 o
T2 P T A E e AR AR O AR S OB LA DT T A Tt

g P NS IR LR B T D8 1 & R R 2 T 0 LA R GGk P pHL ol
3.0. 2.5 IFETG 3N 11%~17%, 0.3%[HER 5 FAAE %
10% 25 47), FERR SR K et A Hh LR A1 A% T RV R A 2 ol
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