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Screening and Identification of Strains of Lactic Acid Bacteria for Fermentation from
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Abstract: [Objective] This study aims to screen the strains of lactic acid bacteria (LAB) suitable for Suancai
fermentation. [Method] Traditional fermented Suancai from the Dai ethnic region of Yunnan was used as the
research samples for the isolation and purification of LAB. The purified isolates were evaluated for fermentation
characteristics, including nitrite degradation, acid production, acid resistance, and salt tolerance. Additionally, the
antimicrobial activity, antibiotic susceptibility, hemolytic activity, and amino acid decarboxylase activity were
assessed to identify dominant strains. [Result] A total of 208 LAB strains were isolated from 40 Suancai samples.
Preliminary screening based on nitrite degradation identified 20 strains with high efficiency, and 16S rDNA
sequencing identified 15 strains of Lactobacillus plantarum, 2 strains of Levilactobacillus brevis, 1 strain of
Limosilactobacillus fermentum, 1 strain of Weissella cibaria, and 1 strain of Lactiplantibacillus pentosus. The
secondary screening based on nitrite degradation revealed 5 strains with nitrite degradation efficiencies >95%, as
well as 4 strains producing lactic acid at mass concentrations higher than 21 g/L. Among them, strain D8

demonstrated the nitrite degradation rate reaching (98.42+0.45)%, decreasing the pH to 3.63+0.05 and producing
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lactic acid as high as (22.65+0.05) g/L after 24 h of fermentation. Additionally, the ODg, value of the strain
reached 2.002+0.012 in a NaCl solution with the mass fraction of 8% and 0.268+0.038 in a solution with pH 3,

indicating excellent acid and salt tolerance. Strain D8 showed the inhibition zone diameters of (18.40+0.08) mm

against FEscherichia coli, (19.36+£0.24) mm against Staphylococcus aureus, and (16.52+0.57) mm against

Salmonella typhimurium, indicating remarkable antimicrobial performance. All the strains were non-hemolytic

and tested negative for arginine, lysine, and ornithine decarboxylase, and susceptible to most antibiotics.

[Conclusion] Comprehensive evaluation suggests strain D8 as the dominant strain for Suancai fermentation.

Keywords: Dai ethnic region of Yunnan; Suancai; lactic acid bacterium for fermentation; screening; identification
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Table 1 Nitrite degradation rates by different LAB strains and their identification results
T Pk i 5 R 12 h ¥ BF R 2 /% R T 24 h ¥ FF R 2 /% EYEF S [F) I
D38 91.23+0.31° 98.42+0.45" Lactiplantibacillus plantarum 100%
X5 91.39+0.74° 97.30+0.23" Lactiplantibacillus plantarum 100%
D7 90.42+0.36" 96.70+0.59" Lactiplantibacillus plantarum 98%
X4 90.97+0.55® 96.53+0.67" Levilactobacillus brevis 99%
D6 90.07+0.52° 95.23+0.78° Lactiplantibacillus plantarum 100%
D3 89.03+0.50¢ 94.814+0.41¢ Lactiplantibacillus plantarum 97%
X2 87.65+0.59° 94.71£0.69% Lactiplantibacillus plantarum 97%
D4 89.87+0.34¢ 94.33+0.63° Lactiplantibacillus plantarum 100%
D5 88.85+0.37¢ 94.04+0.78% Lactiplantibacillus plantarum 98%
D2 85.58+0.76" 93.85+0.48% Weissella cibaria 99%
D1 68.73+0.59" 93.34+0.47°F Limosilactobacillus fermentum 99%
D9 85.31+0.50" 92.64+0.65™ Lactiplantibacillus plantarum 100%
X3 82.91+0.208 92.41+0.57"" Lactiplantibacillus plantarum 100%
X8 87.53+0.65° 91.61+0.27%" Lactiplantibacillus plantarum 100%
X6 83.66+0.56¢ 91.38+0.41" Lactiplantibacillus plantarum 100%
X7 87.37+0.59° 90.91+0.57" Lactiplantibacillus plantarum 100%
D10 89.6440.71¢ 90.49+0.63' Lactiplantibacillus plantarum 100%
X1 48.67+0.61' 88.45+1.24 Lactiplantibacillus plantarum 100%
X10 85.78+0.82" 87.26+0.84" Lactiplantibacillus pentosus 99%
X9 27.07+0.06' 85.74+0.65' Levilactobacillus brevis 99%

TE < AR LA 24 T B A 2 N e BUAR AT HE 7 s SIS RN 7 8 3008 22 57 8 35 (P<0.05) .
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Table 2 Changes in pH and acid production capacity of various LAB strains during fermentation

EsRZ R TR K W12 hif) pH 9% 1% 24 h ) pH W12 hf 77 R &/ (g/LD P 24 h¥ 7 IR == /(g/L)
D8 3.69+0.13! 3.63+0.05" 15.73+0.22" 22.65+0.05"
X2 4.04£0.14%" 3.68+0.04%" 13.91+0.24° 21.75+0.05
X5 3.91+0.12¢0 3.66+0.02%" 14.83+0.23° 21.75+0.05"
X4 3.90+0.23°0 3.69+0.025" 16.64+0.12° 21.45+0.05®
X6 4.03£0.10%" 3.62+0.02' 13.0320.12" 20.85+0.52%
D7 3.93+0.23°0 3.64+0.03%" 13.93+0.12% 20.85+0.05"
D10 4.16£0.08%" 3.67+0.028" 12.13+0.088 20.55+1.37°4
D3 3.87+0.16" 3.69+0.01%" 15.73+0.22° 20.55+0.05"¢
D6 4.02+0.13%0 3.66%0.055" 14.83+0.12° 20.55+0.05"
X3 4.04+0.11%" 3.77£0.04°" 13.93+0.13% 19.95+0.52°
X10 4.03£0.05%" 3.63+0.02" 13.04+0.07" 19.65+1.04°*
D4 3.90+0.07" 3.70£0.02%" 14.82+0.13° 19.65+0.05%
D9 4.24+0.16% 3.71£0.04® 9.44+0.11° 19.35+0.90%
X9 4.62+0.16° 3.78+0.03°" 10.32+0.54" 19.05+0.52°"
X8 4.05+0.12%F 3.71£0.03% 14.82+0.23¢ 18.75+0.52°"
X7 4.35+0.04% 3.82+0.03° 12.13+0.098 17.85+0.52"
DI 4.61£0.13° 4.04+0.06" 9.43+0.221 15.15+0.52¢
D2 4.09+0.22°%F 4.15+0.08° 13.94+0.11¢ 13.65£1.37"
D5 5.5420.14° 5.44+0.07° 5.83+0.22) 7.05+0.05'
X1 5.81:+0.06 5.85+0.01° 5.83+0.05' 6.45+0.52'

VE AR LUK R 24 0 IR N B AT HE T R AU RN SRR 22 S 3

23 FEREMBREKMNELR

MR S AE R I i R v 2 77 R 5 BRI, O I D T
A E IR A2 7). R 3 WA, BE% pH
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MREHAEKE BT . AR SR R I 3R bR
W2 Wk 24 5 IR T 52 1A 22 57, 24 pH O 2 I, B AR 1Y

(P<0.05).

ODgoo [ 5 /N o VF 3B S50 58 R L, 76 pH N 2 1) 2%
PR BRI A KR S R O R, S AR
SRR G . BRRAE R B AR T, pH ik T % 3
JeAa WU pH O 3 I 2 ST MR I R T %2 ) . pH H
2 B FH A 3B, ODgo 1B 28 A B/, Ut B 7E 558 R 34 5
T W MR A K 218, o R D3.X8.D9.D4 K]
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OD o1 5 25 15 T~ Ho A T MR, 50 03X 4 o 1 R 1) IR T
ZHe T . M pH H 3 TN 48, ODg fH 22 1L 42
K H 2 pH 485, KE 55 1 bk ODgoo [E>2, 15 BH B
PRAEIX AN pH X (8] N A KB J14F - 1f1 24 pH N S B,

T BE: cARRBREBEPABARENHEREE

K3 43 T AR ODgoo {8 35 21 2.5 DL &, 32 BH BL B (1) pH
WS E WA K. 2 pH N 5~6 I, ODg, H 1 42
A HE X S A, SR TR AR AR K 1 B e IR S BB U B X
AN pH ¥ [l O 42 30 B bR AR K 1 0 R R .

#3 B pH TEIABREHA ODy,E
Table 3 ODq values of LAB strains cultured under different pH conditions

. 0Dy 1
[ R
pH 2 pH3 pH 4 pH S pH 6
D3 0.244+0.002" 0.344+0.012° 2.281+0.002¢ 2.777+0.009° 2.709+0.009°
X8 0.33140.004° 0.343+0.013" 2.282+0.102¢ 2.677+0.035" 2.780+0.082¢
D9 0.190+0.001°¢ 0.331+0.002° 2.479+0.115° 2.746+0.062° 2.755+0.094°
D4 0.209+0.007"¢ 0.323+0.013° 2.497+0.015% 2.574+0.013" 2.602+0.010"
D8 0.202+0.007"¢ 0.268+0.038¢ 2.444+0.013¢ 2.707+0.010¢ 2.868+0.006"
X9 0.261+0.001*° 0.262+0.004° 2.217+0.012 2.775+0.121° 2.84640.094°
X1 0.180+0.001°¢ 0.247+0.011¢ 2.340+0.023° 2.742+0.091° 2.771+0.108%
D7 0.197+£0.010"¢ 0.240+0.012% 2.478+0.009" 2.600+0.006" 2.769+0.009*
X5 0.188+0.006% 0.232+0.024° 2.230+0.033" 2.625+0.015¢ 2.763+0.007%
X6 0.1950.009" 0.213£0.010" 2.117+0.051 2.602+0.061" 2.745+0.081"
X4 0.178+0.005°%¢ 0.212+0.015" 2.356+0.016° 2.699+0.005° 2.82340.020¢
X2 0.157+0.051¢ 0.203+0.023" 1.705+0.008™ 2.181+0.012 2.528+0.005™
X10 0.173+0.003% 0.202+0.008¢" 2.215+0.025' 2.728+0.101° 2.853+0.103"
D10 0.055+0.008¢ 0.200+0.005" 2.308+0.022" 2.629+0.075¢ 2.704+0.106'
X3 0.167+0.011¢ 0.177+0.004' 1.801+0.117% 2.73240.041¢ 2.71940.073¢
D5 0.133+0.001¢ 0.175+0.004' 0.204+0.010° 0.479+0.012™ 0.705+0.005"
DI 0.159+0.050¢ 0.169+0.011Y 1.741+0.021" 1.820+0.041% 2.181+0.131"
D6 0.055+0.081° 0.167+0.011 2.208+0.011° 2.585+0.006' 2.658+0.007%
D2 0.159+0.002¢ 0.166+0.0217 1.227+0.012" 1.536+0.062" 1.868+0.084°
X7 0.137+0.002¢ 0.135+0.009¢ 2.442+0.105° 2.655+0.102 2.686+0.093

T AR LU pH 9 3 6 18 R K] OD o0 1B M 12 BURHEAT HEFP 5 FISIAS VNS 7 B 0K 22 57 1B 35 (P<0.05) .

24 FABREWBEKMNELER

Eh K P48 v AT DA i R R VR I8 0 T, 0 1)
JE3 WSOV (1 A A, BRI G, T R ok of 6 1D T A2 PR R
HEED A 1 N R R B R S R T ) B
Rl 22— AN RS T 42 504 P 10 A K R 2R R0 9 1
B TR ) AR R S . E 3R 4 ] A,
A 20 kAL R BN NaCl i 52 1t 77 78 22 5, B Ak 10
4K 5 NaCl i B8 70 B 5 ok 55 . 78 B 2 5 2%
) NaCl 25 £ T & T Rk ODgoo 1 3513 2 0 AE 5 24 )i
O ETEE 10% B, 2 AR K 52 30 B B KR
53 B Pk ODggo fH P& 2 801K J8 2392500 90 1 36
JoT B G HONs B T IR M S R R O R I S i, R IR ER
Ji & 5 BN 10% B AR Y AR KA =, B
S A 22 AR S A R — 8. Nk, 0 ik AR
NaCl i & 75 N 6%~8% B A= K e 1 4 1 B #k AE

A K EEE . IR F AT FH Bk X1.X8,
X3.D8.X10 7£ Jii & 77 # N 6% 8% I NaCl % i H
ODyoo 18 73 HIE F 2.5 K 2.0 LA _E, 356 B FL 6 & 1) i
Z VAT, B iR A 5T S R B R R D .
2.5 FBREIEMERENELSR

At 2L R BN K W R A IR TR L 4 0 6 R A BR
H AR TTE M E LI R KS. HES
AL, 20 BR 2L ER BN 3 R E DL S50 w35 A A R R
FE R G RE 71 . BT B AR K g 1 A I 1 0 B
P B 4% 9 (10.1140.32)~(19.14+0.61) mm, X} 4 5
& A BR OB 4D B OB R N (10.87£0.31) ~
(20.89+0.37) mm , % B A% FE VD T8 (14 B Bl ELAR
(10.07+0.32)~(17.74+0.19) mm , ¥ B 7L R 1 X} iX 3
P WL 0 BOUR B 5 E R e E A . o Bk
X5.X4.D8.D7 XX 3 & 1 41 i P& B 42 ) >15
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#4 FRREHENaCI TEILEHE A OD,, &
Table 4 ODy,y, values of LAB strains cultured with NaCl at different mass fractions

i1 bk ODean
= 4 30 2% [ NaCl Jii £ 4y %1 4% [ NaCl Wi 5 47 $ 6% 1) NaCl JT B 5y H0 8% (M NaCl  Jii & 4 # 10% ) NaCl
X1 2.817+0.010° 2.744+0.010° 2.538+0.015° 2.145+0.015¢ 0.850+0.020°
X8 2.811£0.015" 2.688+0.026° 2.529+0.021° 2.252+0.010° 0.839+0.013¢
X3 2.884+0.008" 2.706+0.012" 2.520+0.009® 2.17240.021¢ 0.590+0.012"
D8 2.750+0.015¢ 2.639+0.025° 2.501£0.015" 2.002+0.012¢ 0.375+0.011"
X10 2.821+0.012° 2.722+0.011%* 2.501+0.010* 2.157+0.025¢ 0.935+0.021¢
X9 2.729+0.031" 2.6210.077% 2.420+0.073° 1.026+0.026' 0.254+0.022
X6 2.735+0.010°" 2.588+0.008% 2.401£0.007° 2.267+0.015° 0.734+0.210°
X7 2.767+0.010" 2.544+0.078" 2.299+0.111¢ 1.805+0.016" 0.247+0.010'
D7 2.612+0.010" 2.512+0.010% 2.242+0.012¢ 1.716+0.015¢ 0.254+0.010
X4 2.709+0.013¢ 2.639+0.026° 2.222+0.025° 1.994+0.011¢ 1.224+0.026°
D3 2.536+0.010! 2.519:+0.009" 2.088+0.028" 1.668+0.015" 0.366+0.016"
X5 2.364+0.017' 2.178+0.023' 2.086+0.018" 1.996+0.012¢ 0.377+0.021"
D4 2.769+0.022¢ 2.549+0.015°" 1.888+0.009¢ 1.568+0.012 0.588+0.006
DI 2.005+0.006" 1.947+0.031° 1.498+0.005" 0.548+0.007" 0.164+0.006"
D6 2.555+0.016' 2.257+0.005" 1.487+0.007" 0.636+0.026™ 0.376+0.006"
D10 2.797+0.004 2.555+0.015°" 1.390+0.013' 0.855+0.011¢ 0.210£0.110’
D2 2.060+0.021™ 1.623+0.002" 1.367£0.017' 0.258+0.030° 0.15240.019*
D9 2.508+0.009* 1.830+0.009* 0.849+0.007 0.715+0.013' 0.085+0.003™
X2 2.624+0.010" 1.835+0.005' 0.642+0.003" 0.581+0.051" 0.564+0.003¢

VE « A2 LA NaClB 73 BN 6% I T MR ¥ OD g0 15 M o B HE AT HEFP 5 R SIAS R /N5 7 B 08 22 57t 1B 35 (P<0.05) .

mm , $ & R B, Ul W E AT RE 8 8 K I L AR %5 ARENHBRANNEEER
ﬁ 5\& j:f[] ﬁilj f?ﬁ JEi E'{] K- ZIK W ﬁ 1h Zi 9 ?fll 5\& Table 5 Inhibition zone diameters of LAB strains against

. oy o TN N . pathogenic bacteria
S B0 BE  , BC AR % (L3 A 7 e

ey e e - " . et e H % /mm

I R O PR DX T R SRR R e AR
B 1R LA ) HARAD B i Y LA % . FLIR 4 18 X5 19.14=0.61° 20.8940.37" 17.15£0.60°
ﬁ*}% @%%ﬁ,{ﬁ lﬂiﬁ /_:E ?Lﬁﬁ e @f{% ﬁ*ﬂg&: , ﬁ*ﬂ, @,&: EI X4 18.67+£0.21* 19.26+0.26° 17.74+0.19°

" - D8 18.40+0.08™ 19.36+0.24° 16.5240.57°
5 A B e O A R AR 2 R AR R A T R D7 16.28+0.40° 17.75+0.30° 15.54+0.39°
4 B B 5 4 . A, FLER A PR AR I 4H 1 & W HL0, D5 14.71£0.39° 16.960.45 15.6140.19°
YA B A aE A, 0F BLAT LU o R [ 0 X9 14.66+0.27° 16.33+0.62° 14.45+0.12°
% N Y .. X1 13.15+0.23° 13.7840.43°" 14.34+0.47¢
LA F A 00 R 0 AT 3R R A AR D3 12.93+0.35¢" 13.10:£0.34%" 12.65+0.47"%

YN0 B i 52 B vE K T3 DNA AW & ik 15 0 D10 12.91+0.63¢ 14.38+0.30° 13.5140.47¢

VEH . X8 12.89+0.31¢" 12.59+0.441 14.26+0.39¢
ot e X10 12.5940.26°" 13.03+0.358" 14.5140.96
26 FBERAMELER X6 12.42+0.324% 14.5240.57° 14.53+0.36
AR, BN AE RS &N, 3R 2 X2 12.40+0.16" 12.89:£0.40" 11.96£0.35¢
KT BT W2 W 2GR T A D4 12140290 130750097 14932034
D6 12.1440.29%" 13.07+0.19%" 14.93+0.34%¢
NI NV - 0%
B BEAE N AR 38 TR AE 38 R X f D9 11.72+0.71" 13.91+£0.35%" 14.35+0.22¢
B P AT AE BB . R, o LR A AR R AT X3 11.69+0.44" 13.3120.55%" 10.08+0.57
W R B DL T R L 2 i R B . KT SE X7 11.25+0.13' 13.61+0.45" 12.73+0.04"
\ N . e e s DI 10.23+0.29 10.88+0.76" 10.07+0.32
S I T UL PR 20 B LA K X Tl I AT D2 10.11+0.32) 10.87+0.31 11.19+0.41"
| A 74 == = P e
AL SR 6 NHERIORE T A B¢ L LR B AT K 75 G 61090 8 16 MK 50N A
T 35 6E WK B2 78 AR 2R 78 AR EBURR, 20% 1R B Bk O R HEF s AR NS 8 05 2 5 538 (P<0.05).
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MEPEAR H BRI 2. MKHISERE T Wk
Xof Sk 7 M IR AR L AN AT 5% PR B AR R Sk R I S R Sk
T WK 6 i 245, 15% B9 B bR X Sk 78 Al e A Sk 70 SR
i 245 5 20% (1 B8 PR X0F Sk 6 b7 7 i 24 . SR Sk, K
B kR kR HFHE R RAWEBUR . N HE
PEE KRG BT A B R R I8 8 3 VIR K %5 & AT
B R 25, AU 5% I B R T i R B R R
& R 2. BT R BN, 2 BT R B
REARM A EERZ ) LAEBERIAER
(IR KEZR R E R MEEE R RN B A
ZiED X ] B R LR B R AR 2R B A =R
BRI R PUA R B KA Z /Y. WKIE W
BE KK FE AA 5% I B PR A 4055 3 OK 1B 3 3 i
2. WU EEKRE , I A &R0 2 70 30 R UK,
20% (1 B Bk X DU 38 K i 245 . Nawaz 25778 K&
W e B HCFL TR B O 0T G 24 AR B 3R AT A T, RO
TR PY PR B FE A tet (S) tet (MO 41 55 2 1) &

T BE: cARRBREBEPABARENHEREE

I erm (B). H T, VF 2 3R 26 25 B 1% & b 7 571
Hh A A 2 R DR U N AT B R A A T
2 A R T X T 24 5 DR A B ) R D A 6 D
2.7  FLEREA MMM &R

T I B R AT EH A T A I A 4 A A AR
JNE 5 % B B AR N S B BUW R T, 78 41 B R K e
RAF B AR VLR B % A T 1 b
TR I G AR P i 5 SR R, 20 AR T KR CE I
AR b 1 B VR R B AT A AR A A IR
ZLYN M R B IR, Sy B I, UL 2Ca) o [ PR T R
YA 4 v 0 A BRI B R B YA S, W
20b), WAL e &V . SR B, ARE
Bt AR BRSNS
BN, A B A RN,
28 IBRAREBRGREEMANGR

J2 W Ik AR o A AR T AR 2 R
Y, RH UL RN R % . AT

xo BRI IMERMMWAMN
Table 6  Antibiotic susceptibility of the strains

K

GE TS PEIIES BHEHETR o ULEZS S

) SIES
Rkg S — ; - :
DRI RO FE kil kil Skl Skl kil kil kil RO RR TR BEE OBE 4% K 24 UK
PAAK PEAR PEAR E AlmE mker RoE MRk 2R e URE ER B ORI R R R HER MR R
DI S S R S S S S S S S I R R R R R S S S I
D2 S S s s S S S S S R 8§ R R R R R S S 8 S
D3 S S I s S S S S S s S R R R R R S S S I
D4 S S s s S S S S S s S R R R R R I S S 8
D5 S S S R 1 S S S S s S R R S R R R S S I
D6 S S S R R I I S I I S R R R R R I S 8 8
D7 S S I s S I I S S S I R R R R R S S S R
D8 S S I s R S R 8 S s R R R R R R I I S S
D9 S S I R S S I S I s S R R R S R S R S 8
D10 S S s s S S S S S s §S R R R R R S S S R
X1 S S s s S S S S I I S R R R R R S S S 8
X2 S S R S S S S S I s S R R R R R S S S 8
X3 S S R S S S S S S s S R R R R R S S S 8
X4 S S s s S S S S S s S R R R R R S S S 8
X5 S S I s S S S S S 1 I R R R R R S s S s
X6 S S I s S I S S I I I R R R R R I S S I
X7 S S s s S R R 8 R R 8§ R R R R R I S S R
X8 S S R S I S R 8 R s 8 R R R R R I S S8 S
X9 S S S R R 1 R 8 R 1 I R R R R R S8 s s 8
X10 S S I s S I S S S s S R R R R R S S S R
it 2i%/% 0 0 20 20 IS5 5 20 0 15 10 5 100 100 95 95 100 5 5 0 20

T« 9 R Tl A 0 24 0 U R 8 PAAT s HE BT, S WTLR 331 e o 25 U A T 2
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Images of hemolysis test for LAB strains
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Fig. 2
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