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Abstract: In order to obtain the lactic acid bacteria strains suitable for the fermentation of Dongbei Suancai, the
growth performance and fermentation characteristics of 10 lactic acid bacteria strains isolated from fermented vegetables
were evaluated in this study. It was found that Lactiplantibacillus plantarum YJ132 and Leuconostoc mesenterides subsp.
mesenterides UA107 exhibited significant fermentation potential: After 16 h of fermentation, the optical densities at 600 nm
(ODyy) of their fermentation broth increased to 1.707 and 1.672, respectively, whilst their pHs decreased to 3.93 and 3.88,
respectively. After 24 h of fermentation, the titratable acidity (TA) reached 65.62 g/L and 63.21 g/L, respectively, and the
degradation rate of nitrite reached 96.41% and 95.78%, respectively. Even after 24 h of cultivation in a 5% NaCl solution,
the ODy,, remained above 1.51. Overall evaluation of YJ132 and UA107 revealed their suitability as fermentation strains
for Dongbei Suancai. Using YJ132 and UA107 for Suancai fermentation, the final product had a TA content of 35.96 g/L.
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The contents of reducing sugar and soluble protein decreased to 6.51 mg/g and 111.27 pg/g, respectively. The nitrite content

was significantly reduced in the early stage of fermentation compared with the control group (£<0.01). The inoculated LAB

inhibited the proliferation of harmful bacteria, such as Escherichia coli (P<0.01), and increased the microbial diversity in the

Suancai with Lactobacillus being the dominant bacterial group during the middle and late fermentation stages. Accordingly, it

is inferred that YJ132 and UA107 improve the quality of Suancai by regulating the microbial community. In summary, YJ132

and UA107 are excellent LAB strains that are suitable for the fermentation of Dongbei Suancai.
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Table 1 Source and cultivation conditions of experimental strains

R R KR B At
S6-5 R E MMM FUAATE (Lactiplantibacillus plantarum) 37°C, 16h
SC9 hAbBRE MM FAEATE (Lactiplantibacillus plantarum) 37C, 16h
SC79 FRALERE A FLHATHA (Lactiplantibacillus plantarum) 37C, 16h
CCA8-6  #&a % MM FAAATE (Lactiplantibacillus plantarum) 37°C, 16h
NA136  AiEr % MM FLAATE (Lactiplantibacillus plantarum) 37°C, 16h
YJ132  ARdeEcFE MM FLAATE (Lactiplantibacillus plantarum) 37°C, 16h
KRS-2 HaE R EEILBEATH (Lacticaseibacillus rhamnosus) 37°C, 16h
JAASS  AZIEE REVEILEEATH (Lacticaseibacillus rhamnosus) 37°C, 16h
UA102 #aE FAREER 2R ML A (Leu. mesenterides subsp. mesenteroides) 30 C, 24h
UA107 ke FE FANEBR & 2R ML LA (Leu. mesenterides subsp. mesenteroides) 30 C, 24h
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Table 2 Growth rate changes of lactic acid bacteria

12h

16 h

20h

24 h

Bk 0h 4h 8h
SC9 0.166+0.017"  0.777+0.092°  1.424+0.163™
CCAS8-6  0.14440.021™  1.030+0.108*  1.156+0.019"
NAI36  0.179+0.021  0.958+0.110™  1.412+0.178"
SC79  0.21440.024°  0.996+0.112°  1.473+0.167"
S6-5 0.105£0.017¢  0.710+0.119*  1.31240.153®
KRS-2  0.103£0.021¢  0.945+0.107*  1.444+0.154"
JAASS  0.208+0.029° 1.108+0.113*  1.457+0.158"
YJ132  0.1314£0.013*  1.152+0.131°  1.526+0.137°
UA102  0.203+0.014°  1.049+0.084°  1.468+0.157"
UA107  0.151+0.018"  1.209+0.130°  1.563+0.141°

1.632+0.144°
1.651+.107°
1.513+0.099"
1.509+0.093°
1.473+0.119°
1.592+0.088™
1.613+0.108"
1.633+0.083"
1.589+0.112"
1.662+0.134°

1.654+0.189"
1.787+0.218"
1.609+0.168"
1.664+0.173"
1.539+0.163°
1.659+0.125°
1.685+0.176"
1.707+0.119°
1.671£0.186"™
1.67240.162"

1.732+0.115°
1.762+0.136"
1.671£0.092*°
1.688+0.089"
1.576+0.086"
1.73240.103"
1.718+0.086"
1.729+0.088"
1.699+0.096"
1.737+0.145°

1.763+0.169°
1.796+0.199"
1.719+0.118%
1.726£0.127"
1.603+0.157°
1.725+0.195"
1.692+0.231%°
1.811+£0.194°
1.672+0.105"
1.779+0.123°

i : kP B4Ry a. b

c. d ATR —A BN RESLBEEZE £ZRRE (P<0.05). TAR.

* 3 IABEARKEEPpHER AIHEBRETUER
Table 3 The changes of pH and titratable acidify during the growth of lactic acid bacteria

Sk pH {& T 8 R B/ (g/L)
H
0h 8h 16 h 24 h 0h 8h 16 h 24 h
SC9 6.15+0.05®  4.39+0.06™  4.06+0.05° 4.21+0.06®  11.34+0.65" 29.9242.93° 46.31+4.01° 50.95+2.57"
CCAS8-6  6.09+0.08° 4.19+0.12°  3.89+£0.08% 3.84+0.11°  12.48+0.75® 31.98+2.01° 38.13£3.05° 49.59+2.03°
NAI36  6.06+0.09™ 4.27+0.09° 3.88+0.09" 3.82+0.08°  11.28+0.88" 26.57+1.02" 35.12+1.86° 37.94+1.65"
SC79  6.03+£0.09™  4.32+0.12% 3.99+0.12" 4.02+0.08*  11.94+£1.09° 31.1242.66" 44.84+2.68" 57.14+1.86°
S6-5 6.26+0.08"  4.5240.16°  4.25+0.09° 4.26+0.10°  12.24+0.72" 31.3140.98" 55.11+0.97"° 66.02+1.54¢
KRS-2  6.23+0.08" 4.35+0.13® 3.91+0.11"  3.92+0.12°  12.96+0.83™ 32.55+2.11° 55.63+0.81" 64.48+1.53¢
JAAS8  5.91+0.10° 4.3140.12°  3.85+0.12° 3.81+0.14°  14.16+0.45™ 33.92+1.32° 55.79+3.51° 77.65+1.77°
YJ132  6.14+0.08° 4.23+0.14°  3.93£0.08" 3.99+0.11°  13.32+0.72* 33.86+2.38° 60.28+1.76° 65.62+2.14°
UA102  6.01£0.11°  4.264+0.10° 3.95+0.14® 3.92+0.13°  14.58+0.54° 35.16+1.05° 55.68+2.66" 61.45+1.51¢
UA107  6.15+0.09"°  4.18+0.10° 3.88+0.11" 3.81+0.12°  13.08+0.75* 32.75+0.53" 58.47+1.69" 63.21+1.41°
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Table 4 The ability of LAB to degrade nitrite and growth conditions in NaCl solution
. I A48 2 /(ug/mL) J£ NaCl 757 7 44 £ K L (ODgy)
i 8h 16 h 24h x4 B8 40 1% NaCl 3% NaCl 5% NaCl
SC9 17.16+1.11°  8.13+£1.03"  6.39+0.42°  1.77£0.13*  1.54£0.09"  1.49+0.09"™"  1.37+0.06""
CCA8-6  11.16£1.15°  6.82+0.74°  528+0.72  1.86£0.11° 1.57+0.08""  1.34+0.07""  1.03x0.07°"
NA136  15.55+1.21"°  7.45+0.86™  6.07+0.61°  1.79+0.13"  1.66£0.09"  1.38+0.12*"  1.13+0.09""
SC79  20.14+1.94" 8.87+0.78 5.73+£0.43"  1.79+0.15" 1.65+0.07°  1.57+0.09  1.43+0.14""
S6-5 20.69+1.81¢  9.98+0.88°  6.44+0.84°  1.74+0.21°  1.59+0.03"  1.35+0.12*"  1.28+0.09""
KRS-2  12.84£1.09* 6.43£0.62° 5.19£0.66°  1.78+0.14*  1.72+0.03°  1.57+0.06"  1.48+0.07""
JAASS  17.74+1.51°  7.97£0.93" 5.41£0.74"  1.84+0.11" 1.56+0.07"  1.31x0.15""  1.07+0.19"
YJI132  13.48+0.98™  6.11£0.72°  5.36+0.63"  1.85+0.25°  1.71+0.03°  1.61+0.09"  1.51+0.08""
UAL102  16.65£1.31°  6.43+£0.63" 5.39+0.86®  1.81+0.14° 1.62+0.15®  1.46x0.06""  1.330.07""
UAL07  11.76£1.07°  6.15+0.85"  4.48+0.56"  1.82+0.11° 1.68+0.07°  1.58+0.09""  1.52+0.08""

E: * AT A TR FLRE NaCl g F e A RF L Btk £ 3 2% (P<0.05), ** AT £ZFHEH (P<0.01),

212 TAKER AR e NaCla i g ot 2 A8

10 #k LR B B A AN [\ 1 1 R 1 % A A 7
(R 4), HAFGERIT UG PR AR 5 R I R AN ],
B P ARAE R TR AR B BB I U 3kt e A 7 A R 25
U1 KRS-2. YJ132. CA8-6. UAI07, KE#ZE 8 h ik
B P A RN & B PR AK 2 11.16~13.48 pg/mL 2
B s KIS 24 h, BRI EER SR & 21
f£ 5.0 ug/mL 7 45, 10 YJ132. CCA8-6. UA107.
KRS-2 % MV i B8 #h 11 F% fif 2208 31 1 95.7% LA
Yang 59 B 0 45 5 3 W9 AN ] FL R B B A AN [H] ) 3IF
MR R FERE /1. K598 48 h )5, X 3 Pk (CH4.
CH6 H1 CH5) X VA ER £5 (1) B Al RE 71 7E 90% DL |,
T ASHIF 7 BT 7 34 140 SPL TR 10 o) U i TR 2 1 P i e /3
T RS, U BN [F SR IR A [F) i LR B 5
AN R R I FERE AR A TR B 10 Rk FLER
BN NaCl R I A [F B 52 68 71 (R 4D, B
PRI AE K B NaCl ¥ i ot = 70 B0 inim S B, 24
NaCl Jii & 7 808 1% B, & B AEK LA 2 5%
Wi, T2 NaCl i & 7 #0388 K 3 5% i, CCA8-6.
NA136. JAASS WA KRE IEc 2, WARAKZ 2
fil, W (ODgy) FEAKRZE 12 LLF, 11 YJ132,
KRS-2. UA107. S79 7 5% NaCl 15 7 5k b £5
7% 24 h JG ODyo 15 7E 1.43~1.52, A ML IX 4 #k 1# %)
NaCl B A BRI 288 T SRS IR RE K
BE) S N 2 —, A E R AE P A K IR 2R AL AN
T2 B DL S B 28 77 (R I B 5 . Beganovi¢ 2502l
SE 25 BB AT 4%~6% NaCl ¥ ¥ 01 52 58 J1 0
Y Lactobacillus brevis SF15 T #k B 1 5% f] NaCl

fif 52 5 J14b, H AR BRI A K I B NaClL ], 5
AR 545 TAH—

FLIR BRI 7 K T i S 1) R T F b R P36 LT
PEFT, PRI 4345 36 11°) LR T 2 R R TR 10 i I
R R B DR 2%, 1 SPL R T 10 7 T D o it IV i
A 70T A2 N TR B B SE  E E r hs 2 —
FLIR T E o AU R B S P oK AL E ), PR
il FH FL AR A AL PR AR R SR 1 pH A, 1X 28 HLER XS
PRI e S R EEE Y, [
I AT TR T K T i S T G ) BRI RUR Y 28 AR
AIE R 2 MR A B AR RS ER AL, B drE AR R
e A AR R A AT B AR, (RS
A R B A Ji, B I Y R IR R ) A
RREFEAL AR B 5 251, 10 AN ) b L R 1
B A A IR B R e T AN ), S LT B, L FLAT
R, T R LA BT S TR 5 1) P& A 2640 31l R 66.0%
57.1% F1 87.9%", i ¥4 4 U AE AT B A0 g I B e
B A P 0 R R S 1 RE 1, IR E1 90.17% % A
95.92%"", A A HAGE] T RMLE R, BT
10 5 7L 81 10 A KR v AN R B R PR SR AT VR, &
TR P LA AT B Y T132 0 i s Bl BB Bk 1 i S WE A
UA107 &% 16 h J5 , ODggo 73 3 T 151 28 1.707 H11.672,
pH {H P& % 3.93 f13.88, Hi9:24h )5, TAH &
39N 65.62 g/L A1 63.21 g/L, i VAl R £h 11t B4 fiR
e 11°M 96.41% F1 95.78%, 1E 5% NaCl & o 55 57
24 h J5 1) ODgyo 15355 1.51 A1 1.52, &N HEY)
FURE A B YT 132 1l JBE W 55 2k 1 g 7 A UA107
72 ] FH T J5 SR 5 I 1) 7L IR T B ol o
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Table 5 Testing the inter-group effects of physicochemical indicators in Suancai
FACFE AT R A7 df ¥ F P 1 Eta 77
2875 1.023 1 1.023 53.367 0.000 0.690
pH & K B R IH) 23.140 2 11.570 603.552  0.000 0.981
207 * K BERTIA) 0.057 2 0.029 1.498 0.244 0.111
---------- 285 1“29.401 1 129401 22.345 0.000 0.482
i R BB 18] 4395913 2 2197956  379.551  0.000 0.969
AR * R BERT 1A 63.040 2 31.520 5.443 0.011 0.312
---------- 285 6-(-)57.723 1 -g;)-j57.723 14.383 0.001 0.375
s EG V- &2k 255767.532 2 127883.766 303.640  0.000 0.962
05 * K EEEFTE] 3095225 2 1547.612 3.675 0.041 0.234
---------- 205 -225.042 1 ""2-3-5-.042 30.315 0.000 0.558
iEJRAE R BT 18] 603.287 2 301.644 107.528  0.000 0.900
20 %) * & BEET 1A] 39.333 2 19.667 7.011 0.004 0.369
---------- 285 “2.454 1 ""5—.454 65.158 0.000 0.731
T A ER 3 KB 1R) 4.180 2 2.090 55.489 0.000 0.822
LA R * K BT IA] 3.316 2 1.658 44.010 0.000 0.786
22 BREWIEMASME BgBaTRE, EBENRKIRET, SRR E RS

N T W A A A AR A U ER AL HR A I A (]
96 20 5 2 P [R) 2 IA) & T AFAEAE FLAE M, ASHIE FLAE
FIFH 2-way J5 22 53 BT 17 6 BRAL 48 bR 52 w2 50 A&
B2 (R (22 AR T S b, SR S B,
FED5E pH AR, AN [ GE 2R & T b 1) 22 ELAE
TR pH H 52 AN 2 3% (F=0.498, P=0.244), AN
A HAER, T 200 BB £ 1
TENE SR WVEMEERA . IEIRN. WAHERERRS, A
IR 6 2EL R A g T) 2 1) () A8 ELATE PR S RS T AL R
AR, EEPE, WAHRRER 3 (F=5.443,
P=0.011; F=3.675, P=0.041; F=7.011, P=0.004;
F=44.010, P=0.000), [XH )58 ix PUASFR AL R 3k
CE 002 I o 1 B R OV L TR G A

B Pl LR B X TR S AL AR I R e N R 6 BT
o BEE RBER M EK, RIGERFEIT I pH (1
WPEAR, MEREM P RRSERH S, KEE
30d, LR HELSEH) pH A TA &850 718 3.80
13596 g/L, SxFRAMLLZE R EE (P<0.05,
P<0.01). Hu ZVHAARFLRE KBRS, K0
PR FLIR o RS pH (L SURI N F%, R 538 K B4,
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() pH (A B RAC T AR R, SATF RS R 2
REEFEF, P2 RGBSR (1) ] v 1t B AT S b
B R, REEZE 18d, FLIRHEALIE F A 7%
PR & B B E PICE 9.54 mg/g F1 176,96 pglg, 5
SR AL 2 Bk B3 (P<0.01), HEBZE30d
PG REA . BNRBELRES, BT
fREL SRR TREEE, K 6 d B0 REZH A TR R 5
RN 1.85 mg/kg, AL EAREICE 0.35 mg/kg,
X AM L ZE R EE (P<0.01), UiBHER I
TR T RE I R R £ (A . R EBEZE 30 d I 2 PR
S VSRR & EAE 0.24~0.26 mg/kg, KT EARH &
WS RS IR £ & BN 20 mg/kg (PR EbrdE. Gk
BRR FH W JEEBH e 2R b . TS ALAF B FE LA B A
NI BEFREAT RS S, A R B It A H R e 1 3
Wi R, KB 30 d i, FEYFLATE AT ER L
FFBER T RS g JE S (1) 5 B B2 0 h 4.73 /L Al
426 g/L, SABFRLR—E. MILHREEEEKR
I 0~10 d IV NG, 7ERRE 30 d B =P FLIR 1R K
P I 5 i 2 6 7 = B Bl AE 0.95~0.97 mg/L . [H],
BT A UL 1 R B RS 1 RS R B i
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Table 6 The effect of inoculating LAB on the physicochemical characteristics of Suancai
28 7 pH {4 BB /(g/L) AN EE /(g  ERIE/(mg/g)  LAEERE/(mg/kg)
6d 6.13+0.06" 2.45+0.11° 351.06+30.64" 20.62+2.23" 1.86+0.47*
*FRE 4R 18d 4.32+0.17° 12.89+1.65 232.11%15.68° 13.33+2.11° 0.48+0.06"
30d 4.07+0.16° 28.4542.08° 117.1948.96° 6.89+1.33° 0.26+0.01°
--------------- 6d 5.65+0.15"* 2.8940.39"* 326.86+14.81° 14.68+2.07"** 0.35+0.02%**
SLER 2 18d 3.96+0.14%* 17.39+3.21%* 176.96+21.48"+* 9.5440.71%% 0.29+0.04""
30d 3.80+0.11°* 35.96+4.15%* 111.27+7.19° 6.51£0.91° 0.24+0.01°

e ATIBRA AL R AR LB R AL EFEE (P<005), ** ATELZFMEE (P<001), a. b. c &+

Fl — 52340 R L BEET IR £ 5 2% (P<0.05).
23 FHROAGTHEEMNEBREFHNFEHH

AHIE TR FH PR T 0200 5 A 5] A IR T) R i
AR VIITE R A, 7E I AR S R B AR 1 [7 B 5
FAz VATV, SR 1 R, fERBPES R,
FURRBE RIS I, fERIEEE 6 RIS B UL F
7.94log CFU/mL, M X} M 201 4 6.81 log CFU/mL,
Z Bk R #E (P<0.01), HE)5 %M KB
B, AR W E B REE S TR
(P<0.05), HAEKEE 18 d Ik FIH A, FLREA
N 828 log CFU/mML. %% B AR IE 1 77 B 45 i o R T o
[ REATTT 2B T BRI, REFEE RN, X%
PR BRI CE W = T IR 4L (P<<0.01), JE
#5% H°~ 4.06 log CFU/mL 1 2.31 log CFU/mL, X
HZ RO, TR BT R,
FUTR B FH % BF B AH HN BT 1T - S08% B R 55 18 45 6 e
Ko T4 FLIR T 7] DAA 280 FEAR IR A o 3
B AT B AR, 70K 30 d I, LR R 4R IR
R 3% B 1A ) 250 2 8 1.07 log CFU/mL Al
3.66 log CFU/mL, Z 7 i i % (P<<0.01), i
AN FLIR B RS FLIR 1/ AR A B e, 4] T
A EHAEWR AR . Hu 5 FIAS [ 70 R B 1% A
BIRRSE R, A IR R SR it H A AE R 2R, K
AR I 24 2 AR R, H AT B0 B ) EcE
BHTET, SATF A FRA 5. Yang R AT
T TRT R T S T Ak A2 A0 1 238 A AR 5 AR T 9 AR AL,
FLER 1 35 B UL T 5 PR I AR AL R A, i {A HH IR AE
%12 K, 153 10.13 log CFU/mL, 1 F% BF 1 18 &
FEREE 30 d I, 53] 3.35 log CFU/ML, =T AHF
FoH FLIR 1 AL B
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Fig.1 The dynamic changes in microbial colonies during the

fermentation process
E:(a) AB6d; (b) LB 18d; (c) KX B 30d.
*RTFIBRA MG AR A EF R E (P<0.05), ** £F
ERHEE (P<0.01).
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2.4 EEREN TN A P R
A,

F5 Fh FLIR B0 AR AL R 2 R e i AR A AR Y B
Ve IR S o & 2 R fE R B Od FE . Chaol
Shannon Al Simpson #& £ #) & L A, WHH R
6 TR S ity 9 T30 A A P P e B50R 22 5 5 T 14
(B 2a~c), K %A 15T BE 4 1 Simpson f5 30 A
0.969, TR AT 2 0.988, Xt AL %=
FiE (P<0.05). pZFEVEITRY], FLREA
Ay FZEAE it 7 T AN A R B X 38, HOK R 18 d
30 d AR S (B 2e), BEHAREE K
FREIs] [B] (A, 452 ol 2L R B J R it TR R B AR D B T
KA
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5000 13=0-12v MLAB-6d
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Fig.2 The effect of inoculating LAB starter on microbial
community of Suancai
7£: (a) Chaol 484k ; (b) Shannon #54%; (¢) Simpson
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AT (f) MLt (1TRF ). * kLB H 4 5 xR
AR £ F 2% (P<0.05).
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fil%s RIEERE (18 d), FLER R ZH G SAF it i s B
FRERTR BRGNS S 1.53%, T FL
M E (Lactobacillus) #UE 8GN, A BEL
f9 31.68%, fELSEAF ity H T ¥ SRl FE I il B A 5P
(Reudomonas) i FLINE (Shewanella) “57:1E
A FH WA F AT R s REERE (30 D,
AMERKSEGN T, HARFATIAEE
& BAE S 11% LA E. Yang %) F i &
JFE RSN 4 ol L R B R T R S it Hh S AR DRV 1)
AR, g AR BRI R v LR T R g kg
R &8 ARSI B e K, T AR B0 B 8 R A o s
YR I E 9 7 R BE WIS BE A R R 34T
EEED, AR TS SR A — 2
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