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Screening and Identification of High Acid-producing Lactic Acid Bacteria

in Traditional Kimchi

ZHENG Qikai, CAl Changyu, WANG Linhao, LIAO Zhenlin”
(College of Food Science, South China Agricultural University, Guangzhou 510642, China)

Abstract: Hunan homemade kimchi water that had been stored for more than 50 years was used for screening and isolating strains of
lactic acid bacteria using the culture-dependent method. The isolated strains were examined for their hemolytic activity and acid generation
ability, whereas the high acid-producing strains were assessed for their tolerance to acid and bile salts, self-aggregation and hydrophobicity,
antioxidant properties, nitrite degradation ability, growth properties, and biosafety. In total, 70 lactic acid bacterial strains were isolated from the
kimchi samples, of which 42  did no exhibit hemolytic activity. Additionally, 16S rDNA sequence was used to screen and identify nine high
acid-producing strains, which were designated JT1-31, JT1-21, JT1-12, JT1-25, JT1-6, JT1-16, JT1-34, JT3-23, and JT3-10. They all belonged
to Lactiplantibacillus plantarum; strain JT1-12 showed the best acid resistance, with a survival rate of 156.85% at pH 3.0; strain JT3-10
exhibited the best bile salt tolerance, with a survival rate of 145.04% at 0.3% bile salt concentration; strain JT1-16 showed the highest
self-aggregation and hydrophobicity at 66.13% and 44.19%, respectively; and strain JT1-21 exhibited the highest DPPH scavenging rate at
51.93%. The o-glucosidase inhibition rate of strain JT1-25 was the highest at 20.36%. The nitrite degradation rate of all nine strains was >90%,
with JT1-12 exhibiting the highest removal rate at 94.98%. Evaluation of biogenic amine production indicated that none of the nine strains
produced biogenic amines. This study identified nine strains of lactic acid bacteria isolated from traditional kimchi that exhibited good probiotic
potential, providing a valuable reference and foundation for further inviestigation into lactic acid bacteria derived from food sources.
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FURRRRR 1 SE XIRH EERE AL, R
RS &M, A MAEEYIR, e
WA B, R, P 'R T
FRUEVRI BRI o VT 2 2 I b2 88t 5 )y
BERFLERTH . X gl N h oy 8 PR s AU
PEREMIFLER R, 0 7 N KA B (Lactobacillus
fermentum) (Z2) WIFREATE (Z25). x| L&
WS Iy B — R IR R LR QH 184, XK
I ( Escherichia coli ) ~ 4 ¥ 8 % %] BR 1#

(Staphylococcus aureus)~ FiEYP T 1IKE (Salmonella
enterica ) ~ A% A M B A= 2 Wi KR IRTA ( Listeria
monocytogenes)~ T ZFAIM B (Bacillus subtili) 1
FEZF AT (Bacillus cereus )« %3 AR 5 H AT B

(Pseudomonas aeruginosa) AN [FIFEEE AN EH o
E MR R T 18 AR o B ATHE
HEEHIFLRR TR, Sl 2N 37.48%. Fibl, skt
BV 20 R IR FLER A, XS FURR R AT 5T,
HE KT

DA G R it AR TN B, e Hh A LR A
REF= il & KR A s sy, T RIS R
MENAAEA, X i R TR R R A B
ST AT 7T AT R 8 1L X S RE AT 50 AR H AL
IO, R EREFRE S e AR,
X5 B S B AR B A T IS LS AR SS, P ER P RE I
€, TR TR AR A KRR TR A S B
BRI BKYE. PUEA. BRARTLASER £ S BN 2%
VESE, PR G R P B FLIRR TR B B SRl

1 MRERE

L1 A#

1.1.1 B

H 5 e T RN SRR VSR, R LR T
1968 4, HTLHMEEE, T 4 CLK.
1.12 HRAE

MRS AR FRHL: AR 10 g/L, 2FRE 10 g/L,
FERENY 5 o/L, &M 20 g/L, BiBREE 0.1 g/L, WilRin
0.05 g/L, ¥R =%: 2 g/L, To/KLIREN S gL, B
Ao 2L, M 801 gL, M=K

MRS [l FRAE: EEk 10 gL, 4-RE 10 g/L,
FERERY 5 g/L, &R 20 /L, WifREE 0.1 gL, MilRE:
0.05 g/L, FriZHR =442 gL, To/KLFREN S g/, BHRA
A2 /L, MR 80 1 /L, FifiE 15 gL, H=ZuKEm.

CaCO;-MRS [AlfARE7R5E: A 10 gL, 4FRE
10 g/L, F#REKY 5 /L, Wi%IHE 20 g/L, BiFREE 0.1 g/L,
BRERER 0.05 g/L, MR =4# 2 o/L, T/AK LR 5 /L,
WERE 49 2 g/L, M 80 1 g/L, CaCO510 g/L, F
LIRS
1.1.3  EZKHA)

NaOH. DPPH. #hRZ52 k. Wb, LB%E:
WERFEAAT . STEIRMR. WASEREN. NaCl, HCI.
DPPH: [HZjERIMERFHIRAF . BRI A
SRl s AR .

1.14 MRBEL5EE

XMTD-204 £ X L AEIR K 8R, R ICE X

FAMWAT; TR ME204E, MR- 2108
(¥ AIRAF]; Centrifuge 5810R i B LofL:
Eppendorf AG; SPX-250BIIAEALEE %46, | T &AL
IR ATR]; SW-CI-2FD R B EHL TAE &,
TR B S AR A ] Sartorius ¥ & A pH it

(PB-10), FEZRHRFAAE dbrD HRAA .

1.2 o7k

121 FLBEASBES%EE

(D) BB B4 PR R EEREE 5 1 mL,
FTCHR A B ER/KHEAT 10 fEB6 FERRE, HUSBEFE 100 pL
MR 554G T CaCOs-MRS [BfAREFREE |, 4
BEFEM =ANTAT, BT 37 CHERAM TR 48 ho EHL
AV IR, M RTEEAFEANTR_EPkiETE
A KA BUEEAFRIRRETE, £ MRS [T 4
WHZ PR . OIS 20— PR 20% H R
17 AFIT-80 C#H .

(2) TEAMEL: ME B HRMBEFR LS, X
R 22 Qe Bk AT e, SRJE T O H s T
100 e PSR .

(373455 - A AS B ) BR B 75 E4T 16S tDNA
Yo, A SDS VAR E & DNA. WL | mL ¥59%
12 h (I#W, 10 000 r/min B0 5 min, {#13E &R,
BOA 1 mL TEEE/KRFTH45), 4k82H 10 000 t/min B0
5 min, ZPE BIEWG AEFEAFIIA 10 uL 19 1% (m/1)
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SDS, Z¥% 8 min, NI 490 pL TCHE/K, Fahigs],
YEN PCR ¥ 35tk £ F, 2 J Fl 514 27F (5°-AGAGT
TTGATCCTGGCTCAG-3’) Al 1492R (5°-TACGGY
TACCTTGTTAYGACTT-3") #1T PCR ¥ #. Eifighi
B L IKIZEAG I PCR P24 SHLE 1400 bp LA B
ZAT Y DNA FESIEE] INERIAEME ARG IR A
FEAT I , D725 54258 25 NCBI Chttps:/blast.ncbi.
nlm.nih.gov/) 347 BLAST [RIEPELCRT, e RR AL
IR R 16S tDNA J741, RH MEGA 10.0 #44
W4T RS (Neighbor Joining, NI) MRS B .
122 FLERE A K &nE

BAREEL AR, 1% 2% () (R Eaf
FIPBEH MRS R 7R3 AR 2RI LR, AR
K2R b 37 ‘CHEF% 24 h, &BE 30 min J— R
FE, R =TT
123 FigdiE IR 69 5 ik

TR B R T H I R ARG, EAT RS
78, BeR=ARUL b, RO IR 10 pL 7EI-FAR
AR, BERREE SRR 3 UK, WETH TOVA LR .

124 ZLERHA ZBREL S

H I A5 31 1) JE VA ML P P LR B A T 7= R M
R BT H A R AR % 2% (V) [
FhE e ] MRS Witk 37 CHiFE 24 h, S5
AR BUSR L IR IR R AR 2% et A 2]
MRS WifkREFe5Ed, 37 CREF% 48 h, BUEFF 48 h ()
PRV o, FH R0 T PR e 2 7L v = P o
Il E pH {8, BERREEM 3 A TAT . i BRRH E 45
RN pH I H PR 2 IR IR -

BRPEMEINE : B 1 mL RIEEUT I _ LSRR 6 %,
N 1~2 3% (10 g/L) ByERFE R, F 0.1 mol/L (&
AR €, TE BNAE, H 30 s AHRE,
R e 48 i, et FIEAEM ALV ATR, DATHFE
AN R SRR B (RRFEE LAALER T, BA
REMM MRS AR NTH, QRS EIZT
iﬁi_"ﬁ:

Yo [cx(V1 —VZ):IXKXF

m

x1000 (D

NS

X——RBe)5F, gkg R g/L;

c—— AR R E IR AR E, mol/L;

V—— BRI AR B AT R R AR, mL;
Vy——"% QiR T A BMAAT R AR AR, mL;
K——BRe9 S A % 3LER, 0.09;

F—— iR ey A4

m——iIXAHORE, g KA HER, mL.

98

12.5 FUBRE) W BR A 2 2 b A

(D THER: Litr %k a4 Abolfazl 217
(759 BIBREEERT 5 mL MRS AR 773,
B T 37 CHEMEIEFAE, B9k 12h, =40 K%
REFRIRAE 4 °C .4 000 r/min 2544 F B0 5 min, 35 L,
FHTCBE A FEER KR 2 B 3 Wk, BN pH iR (pH
2.5 F13.00 (175 mL ASS IR B EHETE, B
5], TR\ 37 CEFRFERFR, A HITE 0. 4 h BURE 3
FRATFET MRS [EfARE TR, 37 CHREFR 24 h, 1t
HATA KIS, SRR 3 S PAT, R AR R
THOL, TR T 5

X:%xlOO% 2)

K¥:

X——BR 5 A

B——4h #9# %4, CFU/mL;
A——0h #9E %%, CFU/mL.

(2) MHEE: La 5%k &ESIR Abolfazl
Wik, B, FUBRE AT 5 mL MRS W
TR, WE T 37 CIERRE M, 537 12h, %
=4 BB FRRAE 4 °C 4 000 r/min 252F T EGO
Smin, FF i, HAFEERKYEL 2 33k, BOdRH
ERIRFE (0.30%F1 0.10%) [ 5 mL iRE; 7758 H
T, RIS, WO\ 37 CEEFEMREFE, 4 WITE 0. 4h
B2 MRS AT T MRS AR, 37 CHis%
24 h, THEEEVEAEKEN, FEREG 3 ATAT, Al
PRARI AR ERIE L, AR 3h2 4% T =5

X:%xlOO% 3

K¥:

X——Ra bt % bt

B——4h 98 %4, CFU/mL;

A——0h #9E %4, CFU/m,
1.2.6 FLERE A IRER A ME

B =R ARE KR e T B0 g, 18
4000 r/min 250 R B0 8 min, FEE LIER, WEEREA
UUGE, PSSO PBS Saravisess, REVEM
W, F2 LI, IMATER PBS S E ODeoonn
% 0.60. BT 37 CHM MR 24 h, FRAES 0. 2. 4.
6+ 12, 24 /NIWRERE TR, T ODgoo nm I lE R
B, BERESERETAHE:

X:(Lﬁjxloo% 4
A

AF:

X—— HREF;
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B——2h. 4h. 6h. 12h. 24 h 89 B R,
A——0h B e KL
1.2.7  FKMHERZ
R =AM ALK R ERR R T 3L, 18
4000 r/min 244 F B0 8 min, FEE FIEWR, WEERE A
UUUE, HEIMNSERTLH PBS LM VEMES:, REWR
PR, 75 IS, IMNTCHW PBS 2% sl i 4
ODgoonm 2 0.60. WZHX 3 mL B2Vl E 20T, 4R
JEEL 1 mL (RIS OE SERES, RA)E
FE¥EFE 10 min, BEWEY 3 min 5, HCEBEXALLR
el 30 min 2 2. 22 E/NOIRECR 2K,
PATCER PBS S22 D0 HEDE -
1.2.8 A dphettm|
Bo il & 2 FE IR (MR . 2H 20 AN 2 IR
10.00 g/L) MIEFRRZEARTEFREE, AR E
(0.06 g/L), ATIEFRIE pH A 5.80. EUE 7 =A%
AR B AE & 2 IR R 1S TR A [ s R 0k bR 4ed%
7%, 37 'C TH53% 48 h, BFFMEL 3 RPAT,  [RIEHRPH 14
T IR SEER AR T B, FERRPEIN G
B, T AEYIRGEREY, Kk, 3 E AR,
ANE'% -S| EE
129 AMFE MR E
(1) BRI BT 12 h AR
Wik, HIJGE PBS MemilE, #iI1E R ODgoo nm=0.6 1)
B
(2) DPPH iEFRAESIIMIE: 5% Chen 2™y
%o HL0.5 mL &R, AR 0.2 mmol/L 1
DPPH Jo/K ZEEH 0.5 mL, VRATJ5 8% M 30 min
J&i» 8000 t/min 250> 10 min, 7E 517 nm RNl _EiER
IR . DA BRI = CPATSE8s . ARYELL T A X
114 DPPH /&%

X:[l—A"_AfjxloO% (5)
7

Kof:

X——DPPH FR%, %;

A—— AR RB R

A—— T Ren ( TEHAES: ) BOLA

Ay——3+H20 ( ZEE+DPPH ) HOoLE.
1.2.10  o-%) Z)¥E 5B 5| R A R 0% ik

%% Chen STk, Bd b =AM FLER T H]
TCBE PBS ZerPyRrh e i, HIERL ODeoo nm=1.00 1]
B #4100 pL LR F &S 100 pL 1 o- i %
PEEFERAW (1 U/mL) Y84, 1837 C FE57% 10 min,
= 100 uL ¥#KFEH 5 mmol/L % Ak R Ik

-o-D-ME W BFEE, FEAE 37 ‘CHE9% 30 min. IR
FEJ9 1 mL BRERENZE 1 B, 7E 405 nm Kbl & R KEE,
VENFER A Ao AN B FLIR TR B R SRRV VR E N
XTHRZH B ANFr o~ 0 RV SRR E
A C; AT IS o 4 W B 1 S
BUABEAZE AN D LA ERAM=ASTATIRE
o B HEE BRI H R H R

X=(1—A_BJ><IOO% (6)
C-D

1.2.11  FA&fF T AEBR 2h Ak i

WE =M AR G PBS iy
i, HERK ODgoo nm=1.00 FIEIFIR. 1% 2% 4%F0 &,
BEFP 3] NaNO, i Bk N 125 mg/L [ MRS #ifAs 97
Ferp, 37 CHFR 24 h, THEAHIREL &R, NaNO,
SRR E R GB/T 5009.33-2016 (£ 5 VAR 25
SIS ERRIME ) s ERIRZE 4 e R

A-B

X= x100% D

A

X—— T AHBR 3 AR 5

A——#1% NaNO, 2 %;

B——% /5 NaNO, &%,
12,12 BT

SKH SPSS 22.0 B Sele 2l RukAT SRR TT 722
AT M ZE 5 R OriginPro 2018 GraphPad Prism
8.3.0 HAtGtit /AT S ERIE.

2 ZR51He

21 WHHALRATENLER

HRES A A EEANEHETE, FRRIDE
TR, NGESS, 9 MEEELSRML, A8
LR B FFAE. 9 PREFIY 2 EZ RPN, £
16S IDNA %58, £ NCBI T [FJEIEELG, M &R
Gt il 1, NEHRRGHR, &I 9 PRIL
P& B S5 A AL AT A

22 WHREK#ZL

9 PREFPRFLIR T 2B K 2 el 2, K 2 i LG
t 9 BRALRER ALK it A2 S S™IE, A I =
AN, 0~2 h ONIERTY, BVEARAYIR, 2~14 h
BEASTECE R, FLRE A KIE, XK,
14~24 h AREEN], SANEEUL BT
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IT1-34
IT3-10
IT1-12
JT1-25
100% |IT1-21
IT1-6

IT1-16
IT1-31
JT3-23

100%|

MZ483878.1 Lactiplantibacillus plantarum strain LAB 01 168 ribosomal RNA gene partial sequence
OMO037031.1 Lactiplanitibacillus plantarom strain ZZUA493 168 ribosomal RNA gene partial sequence

100% [ EU559593.1 Lactobacilus  fermentum strain ZDY4a 168S ribosomal RNA gene partial sequence

100%

100% ‘[EU825661.1 Limosilactobacillus fermentum strain 3
100% MF243166.1 Lactobacillus fermentum strain KC5b 168 ribosomal RNA gene partial sequence

MT505636.1 Lactobacillus paracasei strain 4894 16S ribosomal RNA gene partial sequence
IN560916.1 Lactobacillus casei strain 073 16S ribosomal RNA gene partial sequence
KY978461.1 Lactobacillus casei strain L28 16S ribosomal RNA gene partial sequence

MNO006357.1 Escherichia coli strain ECS15 16S ribosomal RNA gene partial sequence

0.050

&1 £T 165 rDNA EEFFINFEEKRG L B R
Fig.1 Phylogenetic tree of screening strains based on 16S rDNA gene sequences

1.6 — g —i
14t
12+ —&— JT3-23
—e— JT1-21
w101 —— JT1-25
R 08 —w— JT1-12
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0.6 —a— JTI1-34
04} —— JTI-16
—e— JT3-10
02F —— JT1-6
0.0 - L 1 L 1 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
] / h
& 2 EFRAISECrEZ

Fig.2 Growth curve of the strain
23 TEmEELRE

VL i 200 A1 23 WA R I 3R A 2 VA L R
IRV FBOR N E IR T, RS
PR P AR EFRY, 2P
FURR B 2 AP Rz P, MR AT 5
SERVRIL. AR M. 56 4% M MARA
PV, PR TE VR A R DLE Y ], A BT
ANFEATFMABFRN oI, AETH b i v o Bl DA
Zrtlel, REBUNTE; ANEIL, TR VS R A
SR, TBORE.

Ry B 70 PRILERTA e T RHE B AL I
Wb, A 42 PRAE LR, RIS s PR
PR B o XoF 43 2 HE SR (R TGV LV 1 LR AT AT S5 221
BIMILGINE 3 for, 1 R pgiiL, LA E

100

BHRE; 2 N o-iA I, RS 3. 4. 5. 6 AR
AN L P R AE IR 2R 80

&3 FMmMK
Fig.3 Hemolysis phenomenon
i 1A psdr, 2 A oy 3. 4. 5. 6 AFHILERE
B, AR,

24 BFBRARE

AN L5 BRI P2 IR e /1A 3R 1 s . X fiiid
RENTCIEMIETER 42 PRILBR BT P~ IR A 71 1
€, AR A= TR RS 2% R, Hrh AR
JT3-23. JT1-25. JT1-12. JTI-34. JT1-16. JT1-6.
JT3-10, JT1-21+ JT1-31 HIF~BRAE S 4 HAth TR ik o it
D52 ¥ pH AEHR/INT 4.0, FARRISERALE 80 g/L UL .o 3
WP R BE ) B IR TR AR JT1-21, P2 IR A sk
2322 g/L; HRZWH ITI31, PR E R X
23.07 g/lL. ETIEMFEPUN 7 FhE SRR 758
HIRTE 7 bR IR FLIR B, PR S A i N 25.69 g/L.
ARG o B LR R R S 2 Rk
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% 1 TEFBBEEERIEH oH ER7 R
Table 1 pH value and acid production after fermentation by different lactic acid bacteria strains

Hiks  pHAEL  EER OUILERIT) AgL) | Btk%5  pHAE  EBR OXILERIT) /(g)
JT3-27  4.39+0.01 8.91::0.324M JT1-25  3.79+0.01 21.45+0.28"
JT3-19  4.80+£0.19 6.48+1.36" JT122  4.26£0.01 11.8+0.44M
JT3-11  4.44+0.00 9.06+1.02M IT3-4  4.12£0.01 13.95+0.20%"
JT3-23  3.91+0.01 16.73+2.86' GSI-1  4.39+0.01 9.87+0.26™
JTI2  438+0.00 10.14:1.05™P JTI-12  3.85+0.01 20.37+0.26%
JTI-36  4.29+0.01 10.86+3.06™ JT3-29  4.36+0.01 10.56+0.22°
JTI1-13  4.41£0.00 10.110.34™P GS1-15  4.33+0.01 10.98+0.394m"
JT3-3  4.40+0.01 10.26:£1.13™P GS1-8-1  4.23£0.02 11.46+0.114
GSI-6  4.41+0.02 9.6+0.10° JTI-34  3.80+0.01 22.10+0.28¢
GSI-2  4.34+0.02 10.65+0.226"™° JTI-16  3.79+0.01 20.07+0.13¢
JTI-13  4.32+0.04 10.26£0.31™°P GSI-8  4.03x0.01 15.18+0.17"
JT3-6  4.35+0.02 9.78+0.52"™ JTI-6  3.99+0.01 17.37+0.41°
JT3-22  4.36+0.01 10.2:£0.63™P GSI-9  4.19+0.01 15.51+0.38
JT3-14  4.40£0.01 9.09+0.16™ JT328  4.22+0.01 14.82+0.28%"
GSI-12  4.34+0.01 9+0.55™ JT3-10  3.86+0.01 21.75+0.18°
GSI-7  4.38+0.01 8.94+0.38™ JTI-21  3.78+0.00 23.22+0.67*
JT325  4.17+0.03 12.18+0.10" JT1-11  4.25+0.01 14.04+0.29%"
JT3-30  4.40+0.01 8.7+0.459 JT1-31  3.78+0.01 23.07+0.49*
JT3-7  4.36+0.00 8.52+0.63¢ GSI1-25  4.26+0.01 13.08+0.08"
JT3-1  4.40£0.00 8.25+0.459 JT1-17  4.24%0.01 13.62+0.22"
GSI-17  4.33+0.01 10.08:£0.32"P GS1-4  425£0.01 14.020.64%"

i AP AR BEFREATERASE EF (P<0.05).

2.5 FLER T ER M A

200 [ pHIE2.5
I pHE3.0
150 F
N3
#H 100 |
&
E
50

O JT131 JT1-25 JTi6 JTI-16 JT-10 JT1-21 JT3-23 JT1-34JT1-12
Btk
[E 4 EHREAE] oH PEIEEER (%)
Fig.4 Survival of strains in different pH (%)
FURRTH L AT N F AT B e A se R B 254
HOR, MNRRTE N EAER, 4T — MK pH K3
Be, ZSMEM pHAEZ N 2.5, Midta)E, B pH HAT
BT 3.0 BLEPY. Brel, sRELRAMBE I B
SRENFIMN R VERE,  XIRR AT S22 PN 2l A B AR —
HEEbR . RYEE SAENR B IE 5 B B e,
SERKHT TR Ay 4 h, FURAT R VERE AN 4 .

76 pHAH 2.5 2644 T, M ER PSR S5 U A4: JT1-31>JT1-6
>JT1-16>JT1-12>JT1-21>JT1-25>JT3-10>JT1-34
>JT3-23, {EEFREARMIAE JT1-23, fFEFRNT 1%,
TEEFR R AIAZ JT1-31, 23] 98.18%, B JT13-23,
JT1-34 4h, FAEREE S0% AL L, TR IERLT
7E pH {H 3.0 (IS5, TERIEEISIT . JT1-12>
JT1-31>JT3-10>JT1-25>JT1-21>JT3-23>JT1-16>
JT1-34>1T1-6, fAEFERIKHE JT1-6, A 82.12%,
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Fig.5 Survival of strains in different bile salt concentrations (%6)
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